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Tiv. tribe of West Africa, Aug., p. 28

Toad, spadefoot, Apr., p. 18

Tornado, Apr., p. 12

Travel Near and Far
Rio Grande, Apr., p. 58

Tree ants, nest building of, Jan., p. 64

Trees and flood, Aug., p. 50

Uganda-Kenya border people, Oct., p. 8

Venus, Jan., p. 52

Vietnam, mountain people, June, p. 8

Volcanoes, Mar., p. 20

Washington Newsletter, Jan., p. 12; ,Iune,

p. 4; Oct., p. 68

Water, Nov., p. 32

Weather, Jan., p. 34; Apr., p. 12

Books in Review
Abu Siinbel, Apr., p. 4

Africa: A Natural History, June, p. 61

Ajanta, May, p. 8

Ancient Europe, June, p. 64

Ancient Past of Mexico, The, Aug., p. 10

Ancient Society, Feb., p. 8

Appalachians, The, Apr., p. 8

Archaeology of New York State, The. June,

p. 59

Art of the Romans, The, Aug., p. 12

Atlantic Shore, The. Oct., p. 62

licst of Redoiiies Roses, The, Oct., p. 58

Best Time of Year, The, Aug., p. 6

Biology: The Science of Life, June, p. 56

Birds Around the World, Oct., p. 64

Butterflies and Moths, Feb., p. 59
Challenge of Science, The, May, p. 4
Cheyenne Sketchbook, A, Feb., p. 59
Continent for Science, A, Feb., p. 8a
Dances of Anahuac, Feb., p. 58

Deities and Dolphins, May, p. 8
Disaster by Default, Aug., p. 10
Discovery of Nature, The, Apr., p. 10
Doctor's JTife in Neiv Guinea, Jan., p. 6

Doctor's Wife in Papua, Jan., p. 6

End of the Game. The, Apr., p. 6

Eskimo Sculpture/Sculpture Esquimaude,
Dec, p. 68

Evolution and Modification of Behavior,

Dec, p. 16

Fair Isle and Its Birds, May, p. 5

Farewell to Eden, March, p. 15

Fishes, Oct., p. 58
Frameworks for Dating Fossil Man, Jan.,

p. 10

Geography of China, A, Dec, p. 67
Gerard fan Spaendonck, Flowers Drawn
From Nature, Oct., p. 58

Great Sahara, The, Jan., p. 9
CreeA- Herbal of Dioscorides, The. March,

p. 6
Herbal, March, p. 6

High Dam at Aswan, Apr., p. 4
High Valley, The, Jan., p. 6

History of the Sierra Nevada. June, p. 54
Hungry Planet, The, June, p. 55
Hydrospace, Feb., p. 8

Identity of Man, The, May, p. 4
John Muir and the Sierra Club, June, p. 54
Kepler's Dream, Jan.. p. 6

Life Around Us, Aug., p, 14
Life onthe Seashore, May, p. 7
Living Races of Man, The, June, p. 58
Mammals, The, May, p. 10

Marine Archaeology, June, p. 62
Masks, Mummies and Magicians, Dec, p

64

Medes and Persians, The, May, p. 9

Mr. Gould's Tropical Birds, Oct., p. 58

Modern Herbal, A, March, p. 6

Native Americans, The, Apr., p. 6

Natural History of Flies, The, May, p. 6

New Museum, The, Oct., p. 66

Olduvai Gorge 1951-1961, March, p. 19

On Aggression, Dec, p. 16

Patrol Into Yesterday, Jan., p. 6

Peoples of Africa, Feb., p. 58

Plant Drugs That Changed the World,

March, p. 17

Portrait of a Desert, Feb., p. 9

Precious Stones and Other Crystals,

March, p. 15

Prehistoric Societies, June, p. 64

Quest for Sumer, The, May, p. 6

Red Man's Religion, Aug., p. 8

Reptiles and Amphibians, Jan., p. 8

Rescued Treasures of Egypt, Apr., p. 4
Rhinos Belong to Everybody, Apr., p. 6

Rock Paintings of the Chumash, The, Apr.,

p. 9

Scientific Revolution, The, May, p. 4

Sense of Wonder, The, Aug., p. 6

Southern Africa: During the Iron Age,

Aug., p. 11

Totem Pole Indians, The, Jan., p. 8

Underwater Guideposts, June, p. 60

Wapiti Wilderness, Aug., p. 6

Water, Prey, and Game Birds of North

America, June, p. 63

We Are Not Alone, March, p. 8

Wliooping Crane, The, Dec, p. 62

Wild Cascades, The, Feb., p. 6

Wilderness Bill of Rights, A., Feb., p. 6

World of the Tiger, The, March, p. 8

Year Outdoors, The, Aug., p. 6

You, Me and the Animal World, March, p.

10

Films in Review—May
.ilgal Syngamv—Oogamy in Oedogonium,

p. 13

Colorful Cuttle, The, p. 11

Fish, Moon, and Tides, p, 11

Gamete Transfer in the Bryophytes, p. 13

How Pine Trees Reproduce, p. 11

Liberation of Aoospores in the Alga Basi-

cladia, p. 13

Octopus, The, p. 11

Silent Spring of Rachel Carson, The, p. 12

1966 Science Books for Younc People—
November

Adventures in Living Plants, p. 62

African Zoo in the Family, An, p. 76

Alexander Wilson : Wanderer in the Wil-

derness, p. 78

Alfred Wallace: Explorer-Naturalist, p. 66
All About Ants. p. 72

Amateur Archaeologist's Handbook, The,

p. 24

Amazing Seeds, The, p. 62

American Bears, p. 73
Animals and Their Ways, p. 75
Animals in Disguise, p. 74
Animals of the High Andes, p. 74

Animals of the Valley of the Amazon, p. 74
Animals on the Move, p. 74

Antarctica: The Worst Place in the World,

p. 65
Archaeology of Neiv York, The, p. 24
Armor Within Us, The, p. 75
Bacteria and Viruses, p. 68

Basic Biology, Vol. I, The Animal King-

dom, p. 66

Book of Great Jungles, p. 25

Captive Rivers, p. 64

Careers in Natural Resource Conservation,

p. 62

Cliff Dwellings, p. 24

Collecting and Photographing Your Micro-

zoo, p. 68

Cottontail, p. 72

Death of the Sweet Waters, p. 64

Exploring Science in Your Home Labora-

tory, p. 66

Fall of the Aztecs, The, p. 25

Fireflies in Nature and the Laboratory, p.

68

First Book of Mars, The, p. 25

Forgotten by Time: A Book of Living Fos-

sils, p. 74

Golden Eagle, The, p. 72

Great American Forest, The, p. 25

Guarding the Treasured Lands, p. 62

Hotv Animals Communicate, p. 75

Insects, p. 68

Insects From Close Up, p. 68

Introduction to Archaeology, p. 24

Last Eagle, The, p. 72

Legacy of a Pharaoh, p. 24

Lewis find Clark Trail, The, p. 65

Life Beyond the Earth, p. 25

Living Community, The, p. 62

Microscope, The, p. 68

Monarch Butterflies, p. 68

Mountain Conquest, p. 65

A'o Room for Bears, p. 73

Ocean World. The, p. 76

Old Ones, The, p. 24

Our Wild Animals, p. 73

Partners in Nature, p. 62

Pathway in the Sky, p. 62

Pharaohs of Egypt, p. 24

Raccoons and Eagles, p. 72

Race Against Time, p. 24'

Rivers I Have Seen, p, 64

Rivers and Watersheds in America'

Future, p. 64

Samba and the Monkey Mind, p. 76

Secret Islands, The, p. 62

Secrets of Inland Waters, p. 64

Shattered Skull, The. p. 24

Something Rich and Strange, p. 76

Spiders, Snakes, and Other Outcasts, p. 6
'

Story of the Incas, The, p. 25

5/(c7j Agreeable Friends, p. 76

Tales Told by Fossils, p. 66

Target Moon, p. 25

This is Antarctica, p. 65

To Save the Soil, p. 63

Through the Microscope, p. 68

Trilobite, Dinosaur and Man, p. 66

'Triumphs of Biology, p. 66

Uses of Space, The, p. 25

Water, p. 63

Water Fit to Use, p. 63

Water Since the World Began, p. 64

Weather Made Clear, p. 64

Wild Captives, p. 73

WUd Dogs, p. 73

Wildlife of Africa, The, p. 73

Wonderful Dolphins, The, p. 76

World of Coral, The, p. 76

World of the Great Horned Owl, The, p. 72

Worid of Snakes, A, p. 78

World Without Sun, p. 76
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•p you have ever been enchanted by Shake-
speare's poignant tale of young lovers, you

. will be thrilled by this unforgettable per-

rmance. Here, in an inspired interpretation,

vely Claire Bloom portrays the girl Juliet,

rn between conflicting loyalties... the exciting

iw star Albert Finney (of Tom Jones fame) is

1 impetuous, virile Borneo... and the formi-

ible Dame Edith Evans is superb as the Nurse.

This full-length recorded
production, which Life called
"the season's most notable re-

lease," is offered to you for

only $1 (catalogue price:
$17.85) to introduce a new
dimension in the enjoyment
of the world's greatest plays.

The Shakespeare
Recording Society

le Society has undertaken, for the first time,

produce on records all of the plays of William
lakespeare—not excerpts or "modern" abridge-
ents, but full-length, full-scale dramatic pro-
ictions that bring into your home all of the
ssh and vital spirit of the plays as they were
eant to be performed.

Listening to these recordings is an unforget-
ble experience. Here, through the ear and the
nind's eye," you feel a sense of excitement and
1 immediacy rarely possible even at good stage
•esentations. You follow all the whispered plot-
igs, the outrageous puns, the softly-uttered
Jiloquies . . . hear the ringing trumpets, the
ash of swords in battle . . . find your imagina-
Dn sweeping you into the teeming, colorful
orld of Shakepeare's characters.

Each album features a "dream" cast

3 help realize this ambitious project, a most
lusual repertory company has been formed.

Participating players include Sir John Gielgud,
Claire Bloom, Richard Burton, Paul Scofield,

Siobhan McKenna, Rex Harrison, Margaret
Leighton, Jessica Tandy, Stanley Holloway,
Dame Edith Evans, Sir Ralph Richardson, and
other performers of equal renown.

Ad ideal introduction for young people

For families with school-age children, there is

no better introduction to Shakespeare's genius

than the magic of these recorded performances.
Here, brought vividly to life, are the towering
tragic figures, Hamlet and Macbeth . . . Othello
and King Lear ... the delightful romantic char-

acters, Beatrice and Benedick . . . Viola r . .

Petruchio and his Kate. To hear their famous
lines interpreted with wit, warmth and under-
standing gives young people the opportunity to
enjoy fully our richest literary heritage.

As a member of the Society, you are ofEered

each full-scale production at a substantial sav-

ing. Although these albums cost non-members
far more, you pay only $8.90 and $12.90 for
two-record and three-record boxed sets. (Stereo
and monaural versions are available at the same
price.) Each album comes complete with fasci-

nating program notes, and the text of the play
beautifully printed in a separate bound volume.

You choose only the plays you want

Your only obhgation is to purchase as few as
four albums over the next two years — taking
your choice from either forthcoming selections

or from the Society's extensive library of re-

corded Shakespeare works.

Under the Society's liberal bonus policy, you
receive a noted Caedmon spoken-word record-
ing (catalogue price: $5.95 or more) as a free

gift with every second album you accept. Thus,
you can build a fascinating spoken-word record
collection of poetry and literature at no addi-
tional cost through Society membership.

Enthusiastic praise

for the Society

and its productions

"What a service The Shakespeare Re-
cording Society is rendering all of us
who treasure the noblest poetry ever
written in our language!"

—Lewis Funke. N. Y. Times

"A must for any intelligent family's rec-

ord library ... a classic, living Shake-
speare." —Clifton Fadiman

"So fine are these recordings that when
they are completed 'a set of Shake-
speare' may well mean not the Vari-
orum Edition but the Society's faultless

productions." —The New Yorker

"Poetry for the ear ... an esthetic
feast." -New York Herald Tribune

"Top-notch productions, both techni-
cally and artistically."

—Edward Tatnall Canby

Mail the attached card today

Send no money. To receive the Society's mag-
nificent three-record album of Romeo and
Juliet for only $1 (plus shipping) with trial

membership, simply mail the attached card.
If for any reason you are not deUghted with
the introductory album, you may return it

within 10 days, cancel your membership, and
owe nothing. If the card has been removed,
write The Shakespeare Recording Society,
461 Eighth Avenue, New York, N. Y. 10001,
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Explore the infinite wonders of the world's oceans

for 10 days as a guest of the HIJJ Nature Library

^HKilig^KrS Animal Phyla of the Sea

Now you and your family may share the oceanographer's view
of the sea's history, underwater landscapes,

tides, fantastic creatures, potential usefulness.

Since time immemorial, the sea has woven
I spell over man. Yet until recently it has
leen almost a total mystery. What you
earned in school about it is scarcely
nore than Columbus knew nearly 500
ears ago.
Only in the last two decades have we

legun unlocking the sea's secrets with
;lectronic sounding, listening, and re-
:ording devices . . . advanced diving and
ireathing equipment... underwater cam-
ras and lights . . . giant "vacuum clean-
rs" that sweep up the floor of the sea...
.mazing "corers" that carve out sections
if the ocean bottom and haul them up . .

.

lowerful drills that pierce the very crust
if the earth, miles below sea level.

Now, from this rapidly accumulating
reasury of scientific knowledge—so new
; has never before been assembled in any
ingle volume—LIFE brings you THE
iEA, as your introduction to the LIFE
Jature Library.
To bring you this book, LIFE mobil-

?ed skilled teams of writers, photograph-
rs, artists and researchers. They have
roduced a virtual encyclopedia of the
ea. It is so accurate and clearly written
t has been adopted for use in thousands
if classrooms from grade school to col-
ege. So fascinating that, of 750,000
American families who asked merely to
ook at THE SEA, more than 720,000
ecided to keep it.

Through its 192 glittering photographs,
aintings, maps, drawings, and charts.

and 35,000 words of text, you join in

great scientific adventures of our time.

You board the bathyscaph Trieste and
plunge into the blackness of the deepest-
known trench, seven miles below sea
level. You join in mapping the longest
known mountain range in the world —
40,000 miles, and entirely under water.
You catch a giant fish thought to be ex-

tinct for 50 million years. You examine
the larva of an eel-like creature whose
adult form no human has yet seen, but
which may be 90 feet long. You take part
in an exciting hunt for clues to the ori-

gins of life itself— in the sediment that

blankets the ocean bottom. (In some
places it is 2Vi miles thick and may have
lain undisturbed for billions of years.)

Obviously so vast and exciting a book
cannot be adequately described here. So
we invite you to borrow a copy from us
for 10 days. Then if you wish you may
return it and owe nothing. Or you may
own it for much less than such an expen-
sively printed and handsomely bound
book would ordinarily cost. Thanks to

TIME-LIFE'S vast facilities and large
print orders, you pay only $3.95 (plus

shipping and handling). Then you will be
entitled to receive another volume of the
LIFE Nature Library for free examina-
tion every 2 months. But you make no
commitments, promise to buy nothing.

And you may cancel this arrangement
any time you wish. To examine the first

volume, simply mail order form at right.

Some of the other volumes in the Hljj Nature Library:
Actual size

8V." % 11".

190 pages.
192 photos,

paintings,

drawings,

ciiarts,

(68 in

full color.)

TO: TIME-LIFE BOOKS, Dept.8424-XXXVl
TIME & LIFE BUILDING
CHICAGO, ILLINOIS 60611

Please enroll me as a subscriber to the
LIFE NATURE LIBRARY and send me
Volume I (THE SEA) for a 10-day Trial
Examination. If, at the end of that time, I

decide not to continue the series, I will
return the boolc, canceling my subscription.
If I keep the book, I will pay $3.95 (plus
shipping and handling). I understand that
future volumes will be issued on approval
at two-month intervals, at the same price
of $3.95. The 10-day Free Examination
privilege applies to all volumes in the
LIBRARY, and I may cancel my subscrip-
tion at any time.

Name_

Address-

City_ -State.
(Please include Zone or Zip Code No.

if known)

Schools and Libraries:
Address orders to Silver Burdett Co.

Morristown, New Jersey.



BOOKSIIN REVIEW

/Life in an alien culture f
IBy Hobart M. Van Deusen

Patrol Into Yesterday, by J. K. Mc-

Carthy. F. W. Cheshire, Ltd. (Mel-

bourne), $5.32; 252 pp., illus. The
High Valley, by Kenneth E. Read.

Charles Scribner's Sons, $6.95 ; 266 pp.,

illus. Doctor's Wife in New Guinea,

by Margaret Spencer. Angus & Rob-

ertson, Ltd. (London), $2.50; 189 pp.,

illus. Doctor's Wife in Papua, by Mar-

garet Spencer. Robert Hale, Ltd. (Lon-

don), $ 2.63; 176 pp., illus.

THESE four books on personal experi-

ences in New Guinea have much in

common. Director of Native Affairs

Keith McCarthy, doctor's wife Margaret

Spencer, and anthropologist Kenneth

Read have written highly subjective ac-

counts of their years on this rugged

island, peopled by some of the most

primitive tribes the world has known.

Frankly personal books on life in an

alien culture, as boiled down from a

multiplicity of experience, have all the

variety of old-fashioned quilts—no two

are alike. All four of these books, how-

ever, stand on common ground, because

each author is a student of human ecol-

ogy. It is this active interest in the re-

lationship of man to his environment

within a frame of Stone Age culture that

makes each book such enjoyable read-

ing. There is a satisfying strength to

publications that result from years of

firsthand experience, because objectivity

comes with reflection and interest born

of a sincere attempt to bridge cultural

patterns with understanding. Today,

more than ever before, the world is

faced with bringing true understanding

to the problems of emerging peoples.

After a thoughtful reading of these

books, every interested reader will at-

tain a degree of insight into the prob-

lems facing the people of New Guinea

and the Australian administration.

In 1927, twenty-two-year-old Cadet

Patrol Officer Keith McCarthy went to

New Guinea with the admonition of his

father: "For God's sake, son, don't get

eaten by the natives. I'd never live it

down at the Celtic Club."

McCarthy never was eaten, and in

forty years of field and administrative

work he survived not only stone clubs

and showers of arrows but also the ad-

vice of a "friend" to "Be a sound Gov-

ernment official, my boy. . . . Stop try-

ing to do things. Just write and talk

about 'em!" But McCarthy and other

officers have "done things" for the good
of the natives and for the country that

will one day be governed by them. It

wiU be to the everlasting credit of the

Australian administration that men of

McCarthy's caliber were chosen to in-

terpret the outside world of civilization

to these amazing survivors of the Stone

Age. If Patrol Into Yesterday were the

mere recital of these early adventures,

it would be well worth reading, but the

author is a thinking man, as well. His

words should be on the walls of every

Foreign Office: "The cry throughout the

world today is self-government; and it

is Australia's aim to bring the people of

New Guinea to self-government; but it

has set no target dates, for there are

many problems yet . . . poor economy,

the lack of national unity, and the short-

age of men who can adequately staff the

Public Service. . . . Why advance a peo-

ple to political independence when you

know very well they can't afford it? . . .

the answer came to me from experience:

'It is impossible to educate a man along

a single line.' Political education is not

an alternative course to economic and

social advancement—it is complemen-

tary to the other two. Political education

is part of a general education, and the

political aims which develop cannot be

retarded to keep pace with the economic

growth of the country, and we have no

option but to accept this in the case of

New Guinea . . . while it is true they are

anxious for responsibility they do not

want their tutelage period to be cut short

... no critic of the colonial system has

ever suggested to me an alternative in

the case of so backward a country as

New Guinea."

In The High Valley, Kenneth Read,

as Margaret Mead has done in her

many books, has given us a rare insight

into the lives and minds of a primitive

people. "Only the [social] anthropolo-

gist," says Read, "wants nothing from

the people with whom he lives—nothing,

that is, but information, nothing but an

understanding of and an appreciation

for the texture of their lives." In my own
experience in New Guinea, no one thing

is so difficult as the bridging of the gap

between the "civilized" mind and the

thought processes and interpretations of

apparently simple events by people who
are living the lives our own ancestors

lived some thousands of years ago. This

is the quality that makes the personal

record by a trained anthropologist such

exciting reading. He interprets the par-

ticular and thus allows us to understand

the general. Read spent two years in in-

theti

letaij

timate studies of the Gahuku tribes i

the Trust Territory of New Guinea

high land of interior valleys totally u

known to the world until the 1930's.

As Read has permitted us to see intl

the minds of these people, so Margard
Spencer, with her facile and sympath
pen and her wonderful eye for d

gives us the very atmosphere of livinj

and working among these people. Dot

tor's Wife in New Guinea, and the morj

recent Doctor's Wife in Papua, are d(

lightful books for those who would kno
the areas as they exist today. And ther|

is sufficient detail about the past ani

the possible future to put her observ,

tions in perspective. She proves tha

woman's place is not always in th

home; a life shared with a husband i

the field—be he doctor, naturalist, or mi

sionary—can often give a woman som
of the most rewarding years of her lifi

Hobart M. Van Deusen is the Assistant

Curator, Archbold Collections, at Th
American Museum of Natural History H

Kepler's Dream, Translated by Patricii

Frueh Kirkwood; Introduction by Johi

Lear. University of California Press.

$5.00; 182 pp.

MR. Lear's introduction and interpre f
tation, fully one-half of this book

begins in the same manner as Brahms
First Symphony— all at once. The reasoi

for this seems to be that it is more ai

interpretation of Kepler's allegory thai

an introduction. Indeed, even the intro

ductory aspect of the author's contribu

tion assumes the reader has the back

ground of a student of Kepler's life anc

times. His life was hard and full oj

frustrations; his livelihood often de-

pended on the whim of a patron deeply

involved in intrigues of court and state

These were times of political and reli

gious unrest in a middle Europe that had

a largely superstitious populace.

Kepler wrote this tale before 1600.

but later modified and expanded it sev<

eral times. It was intended only for pri^

vate circulation, but at least one cop^

fell into the hands of less intellectual

readers. Superficially, it is an account

of a dream Kepler said he had in which

he found a book written by a super-:

natural person who was transported to

the moon, and describes how he made the

trip and what he learned about the in-

habitants of the moon and their life. The
superstitious read into this allegory

ideas other than those Kepler had in-

tended, and branded his mother a witch.

These outcomes were not really surpris-|

ing, for allegories are supposed to be|

obscure, and Kepler's mother was ad-

mittedly odd and meddlesome. Several

years of Kepler's life were spent in de-

fending the old woman (successfully, at



Designer, 1980

A Boy ^th Cars in His Eyes

Today, he designs and builds his own precisely conceived model of the car of the future.

Tomorrow, the boy grown to manhood may well take advantage of his early opportunity

and graduate into a profession that can make valuable use of his creative talents.

He is a member of the Fisher Body Craftsman's Guild—one of more than eight million

boys who have joined since 1930.

The Guild is founded on the premise that creativity has no minimum age level, and that

stimulating the inventive young mind is, in itself, a worthwhile objective. Since its establish-

ment 35 years ago, almost two and a half million dollars in cash and college scholarships

have been awarded to boys aged 11 through 20 who produced the best of the many thou-

sands of models submitted for judging. And the best are always original and imaginative

achievements.

Designers of the future? Industry needs them badly. General Motors is proud to have

given early encouragement to many who will become the most skilled among them.

'h'^^

General Motors Is People... making better things for you



The Yashica 1-5

Single Lens Reflex

. . . capable of the

most sensitive

photography—

with f/l.4

lens, Micro

-

screen view-

finder,

coupled CdS

meter, speeds,

to l/lOOOth.

1-5 with

DX/l.4,

under $225. J-5 with

f/l.8 lens,under$175.

Lenses from 35 mm
to 800 mm.
Send for complete lens directory

YASHICA'
® YASHICA INC.. 50-17 QUEENS BLVD.,

WOODSIDE. NEW YORK. 11377

OEPT.

last) and in explaining his Dream. The
posthumous publication of this work con-

tains his footnotes, which are longer than

the work itself.

In a way, almost no introduction would
suESce to elucidate the setting in which

Kepler conceived his Dream, for one

would have to reproduce Kepler, himself,

complete with his viewpoint of the world.

Serious students of this era will be

familiar with the historical background,

and they cannot possibly ignore Mr.

Lear's remarks. Taken with the rest of

Kepler's works, the Dream helps fill

many gaps in our understanding of

Kepler's concepts of his world. Mr. Lear
points out that in many of these Kepler

seems on the threshold of anticipating a

few of Newton's accomplishments. On
the other hand, it is also possible to see

a few ideas that seem surprisingly nai've.

Is this just the 50 per cent success of a

random thinker? No, the odds are de-

cidedly in favor of Kepler, and one can

surmise that had he had a more tranquil

life, our debt to him would be much
greater. In any event, our thanks are due

to Mrs. Kirkwood and Mr. Lear for this

revealing and scholarly contribution to

our understanding of Kepler.

K. L. Franklin
American Museum—Hayden Planetarium

The Totem Pole Indians, by Joseph H.

Wherry. Wilfred Funk, Inc., $6.50; 152

pp., illus.

THE totem pole of the Pacific North-

west is one of the best-known of

American Indian artifacts, challenged

only by the familiar Plains Indian

feathered headdress. Like the headdress,

it has spread far from its area of origin,

and now crude imitations can be found

all over the United States, often stand-

ing in front of "trading posts" and other

businesses, or simply serving as front

yard decorations. Phone calls from fran-

tic fathers whose sons have decided to

earn a Boy Scout merit badge by carving

a totem pole are routine at The American
Museum. The Museum receives ques-

tions about totem poles from diverse

sources: an advertising agency (what

do they mean?), a banker (where can I

buy one?), and a newspaper reporter

(someone says he discovered one in

Pennsylvania; is it possible?). Totem
poles are clearly of considerable inter-

est to the modern American.

The Totem Pole Indians, by Joseph H.

Wherry, is a book that answers most of

these questions about totem poles and
furnishes a good deal of information

about the Indians who carved them. The
poles were made by a few tribes of In-

dians who lived on the Northwest Coast,

a narrow strip of land along the Pacific

from Puget Sound, Washington, to south-

ern Alaska. After a few chapters provid-

ing a general description of the culture

and history of these Indians, Wherry d
scribes the principal figures carved c,

totem poles and teaches the reader hoi

to recognize them. Next comes a chapt<;

on interpretation that will be helpful t

all who have heard that totem poles ca;

be "read." (They can, but only if coj;

siderable information is available aboii

the mythology and history of the cla;

owning the pole.)

The erection of a totem pole in front (i

an Indian house was the occasion for a

elaborate ceremony that featured, amon
other things, the distribution of valuabl

gifts to guests and, sometimes, the d(

struction of considerable property. Suc|

ceremonies are now popularly known a

potlatches and, next to totem poles, the!

are the feature of Northwest Coast Ir

dian life that has most captured the pul

lie imagination. Wherry's discussion o

the potlatch makes the sometimes neg

lected point that the ceremony wa
more than just ostentatious gift giving

it served important social, religious, am
economic functions.

Totem poles can be seen today in mu
seums of Canada, Europe, and the Unite(||

States; and many old poles are stil

standing in Indian villages (NaturaJ

History, October, 1964). The America)

Museum has an excellent collection, al

though the larger poles have been cu

into two or three parts to fit into th(

exhibition hall. For those who want tc

see them in their original setting

Wherry outlines automobile trips to tht!

more interesting places.

The illustrations are the outstanding

feature of The Totem Pole Indians. All

most every page has a photograph oi d

drawing with a full and informative cap.

tion. While the book is written for adults,-

many children will enjoy the pictures.

Stanley A. Freei^
j

The American Museun

k

I

Reptiles and Amphibians, by Zdenek

Vogel. The Viking Press, $12.50; 228
^

pp., illus.

Keeping amphibians and reptiles in

home vivariums, long a pastime in

Europe, is becoming increasingly pop.

ular in the United States. Exotic spe

cies that once were available, if at all,

only from specialized mail-order deal

ers, now turn up in the local pet store.

Enthusiasts for such pets, therefore,

should welcome a book by a European

dealing with these animals. (The author

is Czechoslovakian; the book was first

published in German.)

This book provides an abundance of

information on the design and mainte-

nance of vivariums and on the care and

feeding of the animals housed therein,

Unfortunately, the author attempts to go

far beyond this, and the book suffers

from diffuseness of purpose and trivial

coverage. A vast number of species seem-



ingly are mentioned for no other pur-

pose than to comment on some minor

aspect of coloration or behavior, and the

comments are not always accurate. Read-

ers accustomed to thinking of vivariums

in terms of units for the home will be

startled by statements such as, "The bite

[of the king cobra] will even kill an

elephant in quite a short time. As a rule

it can be kept quite easily in a large

vivarium." But this merely exemplifies

the author's intention of serving the

professional animal keeper as well as

the amateur.

Illustrations form a prominent part

of the book. The thirty-two color plates

are of a quality far below those of other

popular books published in recent years,

but the numerous halftones are better

than the color plates, and show a num-

ber of species not commonly illustrated

in the popular or scientific literature.

The book is indexed by species and

not by subjects, and one must look under

both scientific and common names to

cover a given species. The inadequate

bibliography includes only ten titles.

Richard G. Zvfeifel

The American Museum

The Great Sahara, by James Wellard.

]E. P. Button & Co., $6.95; 350 pp., illus.

''his book is a well-intentioned effort

to present the history of the Sahara

to the general public. Unfortunately, it

fails. James Wellard warns at the outset

that he is not adding "to that vast litera-

ture of romantic rubbish . . . which pur-

ports to give a picture of what this part

Df the world is like." Yet, only one page

later the reader learns that the "real

desert" affords "a glimpse into the mys-

ery of life in its most primeval form."

Some of these glimpses are as follows:

'lost rivers and streams" once linked

;he Niger with the Nile, "and they are

itill flowing in one form or another un-

derground"; the "Arabs were to Africa

what the Saxons were to Britain . . . in-

aate barbarians hostile to civilized so-

ciety: both wanted instinctively to smash

t to pieces"; the Tuareg were "the only

ink" between "the Negro and the White

ATorld"; the Tuareg, however, "were

jasically thugs and bandits."

Wellard is understandably impressed,

out not at all daunted, by the immense

complexity and variety of data, much of

t still unanalyzed by scholars, that per-

;ain to the history of the Sahara. The
ipening half of the book takes the reader

jp to the age of European exploration,

[n these first 131 pages, the focus is pri-

marily on the military accomplishments

if the Romans. One of the author's con-

fusions is that "the metamorphosis of

Africa from a land of 'feathered Libyans'

xnd 'cave-dwellers who squeaked like

Dats . .
.' into a land of splendid cities,

/illages, and farms was largely the

/ ..-
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achievement of the Third Augustan,

Legion."

In the closing half of the book, Wel-
lard offers a series of well-chosen selec-,

tions from the diaries and accounts of

early European travelers in the desert,

and carries the reader on through the

French conquest and occupation of the

greater part of the Sahara. Wellard
rightly contrasts the achievements of the

meharistes (local troops officered by the

French) with the less-than-glorious acti-

vities of the French Foreign Legion. Per-

haps the best chapter in the book is a

simplified but perceptive account of the jl

White Fathers, a Catholic order, as
jti

soldiers and missionaries.

In a curious epilogue, Wellard reverts
((j

to offering more glimpses—not just oi

the Sahara, but of all Africa. On only one

page, the reader is told that Africans

north of the Equator are Moslem and,

those south of it are pagan, and that "the

distinctive feature" of nigritude (a

highly complex political and literary

movement originating in what was formi
'i

erly French West Africa) is "the glorifi^ -r.

cation of colour." This is journalistic

simplification at its worst.

Several pages of notes list the sources

that Wellard has consulted for each oi

his chapters. An end paper map simpli-

fies the geography and trade routes of the 4

Sahara. Two small sketch maps in thq

text show the possible journeys of a

Roman general, and the route followed

by Major Alexander Gordon Laing from: n

Tripoli to Timbuktu. There are a num-

ber of mediocre photographs, and several

of poor quality.

Francis P. Conant
Hunter College

Frameworks for Dating Fossil Man,
by Kenneth Oakley. Aldine Publishing

Co., $8.75; 355 pp., illus.

i!E

DR. Oakley's book Frameworks for

Dating Fossil Man was not intend-
\ j|

ed for readers with only a casual in-

terest in early man. This volume is of

special interest to the advanced student

or professional who needs a reference

work to the complex literature relating

to the dating of human fossil finds.

Dr. Oakley has already published a

historical review of the attempts made
in the past to date the earliest remains

of man. This review, published in 1964

as a British Museum Bulletin, had been

originally intended—along with the

present work—to be part of a much
wider study of the chronological place-

ment of fossil men. Unfortunately, Dr.

Oakley was forced to interrupt his work

in 1961 because of ill health. In 1963

he was persuaded to bring the manu-
script up to date and publish it in its

present form.

In the Introduction, Dr. Oakley pro-

fa

«

il



des the reader with a lucid summary of

le various methods of relative and ab-

)lute dating that serves as a back-

round for the text itself. The book has

een divided into three parts. The first,

ititled "Stratigraphical Dating," pre-

;nts the methods used to classify and

Drrelate the Quaternary deposits con-

lining human fossil finds and some of

le most important stratigraphical se-

uences. This includes brief chapters

lat deal with glacial chronology,

langes of coast and sea levels, river

rraces. the use of pollen and faunal

Vidence, and the use of sea cores to

ifer climatic fluctuations. The chapters

n the stratigraphic sequences of the

frican Pleistocene are of particular in-

;rest. because much of the work done

1 the recent past is clearly summarized.

Tlie second part, "Archaeological Dat-

ig," presents the major sequences of

cone tool traditions in the Old World

s another type of evidence used to date

)ssil man. This section constitutes a use-

il revision of a large part of Dr. Oak-

ly's classic text Man the Toolmaker.

The remainder of the book is a cata-

)gue of 300 human fossil finds, indicat-

ig the part of the stratigraphic and

rcheological sequences to which each

f the fossils refers, and its absolute date

hen known. This catalogue will remain

le most up-to-date available until the

'ew Catalogue of Fossil Hominids, ed-

ed by Dr. Oakley and B. G. Campbell,

ecomes obtainable.

The interpretation of the geological,

aleontological. and archeological evi-

ence necessary for the dating of fossil

lan is usually beyond the ability of

ny one individual. We are therefore

lost fortunate that Dr. Oakley's vast

xperience and profound grasp of this

Dmplex field has provided us with such

useful reference work. His text pro-

ides more than 450 bibliographical ref-

rences, an index of 1.500 names, and
lore than 300 notes, which are invalu-

ble guides to the most recent publica-

ons in this vast field.

The author stated in his preface that

5 had originally intended to produce a

ork four times as long. Had it been

ossible for Dr. Oakley to carry out his

rst plan, he would surely have included

lapters on soil and sediment studies,

ad on fluorine, uranium, and nitrogen

ating of bones, to which he himself has

lade numerous contributions. Chapters

n radiocarbon and potassium-argon

iting would also have been of interest.

Our understanding of the biological

id cultural evolution of the hominids

:quires that both the sequence of the

)ssil man remains and the interval of

me separating them be known. Frame-
arks for Dating Fossil Man is a help-

il guide to efforts made in this field.

Jacques Bordaz
New York University

II
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RESOURCES/AND LEGISLATION

Washington newsletter
'By Paul Mason Tilden

DURING September of 1964, the 88th

Congress passed three closely re-

lated acts that were of great interest to

the conservation movement, perhaps

most particularly to its preservation and

protection segment. The three acts, Pub-

lic Laws 88-606, 607, and 608, made
recommendations relative to the future

of vast federal landholdings commonly

called the public lands and to the fed-

eral bureau that has jurisdiction over

them—the Bureau of Land Management
in the Department of the Interior.

Essentially, the public lands consist of

that portion of the nation that has never

been set aside for special federal pur-

poses, such as parklands, wildlife ref-

uges, recreational areas, game ranges,

or other specifically designated uses,

and land that has never been claimed

by the public for homesteading or for

mineral values. In total, these lands are

still vast, constituting some 465 million

acres scattered in a random pattern

throughout the western states and Alas-

ka. Individual tracts range from tremen-

dous blocks of land to tiny plots that

appear as mere specks of color on a pub-

lic land map.

Over the years, many laws have been

passed concerning the utilization and

disposition of these public lands. Some

of the laws are contradictory, at least

in part ("not fully correlated with each

other." to use a Congressional term),

and some are archaic. The three new

laws were passed to bring some order

to a chaotic administrative situation. The

first established a Public Land Law Re-

view Commission to study existing land

laws and procedures relating to their

administration. The other two authorized

and directed the Secretary of the Interior

to classify public lands either for dis-

posal or retention in public ownership,

pending a report by the commission and

possible further Congressional action.

For many years the Bureau of Land
Management, as mere caretaker for the

public lands, has been viewed by some

Americans as a self-liquidating agency.

Its business was to dispose of its wares

until, in theory at least, there were no

longer any public lands left. Indeed,

there is an old saying among western

cattlemen and miners, still heard on

occasion, that "the main business of the

Bureau of Land Management is to go

out of business." Conservationists feel

that, on the whole, the Bureau has done

a fine job of land management without

any really specific directives for the jot

and they wonder whether the Burea
might not eventually become a permt

nent agency with a fixed set of guidin.

principles. They feel that the cattleman'

philosophy might itself be archaic. Am
the trio of 1964 public laws seems t

say, indirectly, that this current

thought has also occupied some Coni

gressional minds.

Among the qualifications that Con
gress listed as important in the disposa

or retention of public lands were thei) sf

potential for outdoor recreation (ii

which the Bureau has recently made i

modest start), for watershed protection

wilderness preservation, and, impori

tantly, "preservation of public valuei

that would be lost if the land passe(j l*'

from Federal ownership."

Within the public lands there ar^

thousands and thousands of fine natural

areas, large and small, that many con

servationists and scientists feel are wor
thy of protection for their recreationa

values, their scenic beauty, or their sci

entific interests: a fine cave and its im-

mediate surroundings; an undisturbec

association of plants and animals; ar

unusual geologic phenomenon; a speci "

tacular canyon. There are many such *

special "spots" that, although perhaps

not qualifying for protection under na-

tional or state auspices, might be

guarded under one or more of the cri-

teria outlined in Public Law 88-607.

The Washington office of the Bureau'

of Land Management has been sympa-

thetic to the notion that many suchi

tracts might be managed for special pur-

poses, and that a system of open space

reserves might be developed. But there

have been several difficulties. Obviously,

it is not feasible for the Bureau's top-

echelon personnel to canvass millions of;

acres of public lands. Rather, the head-

quarters staff must rely on recommenda
tions from its state offices as to the num-
ber and size of potential open space re-

serves. And in some instances local

planning has seemed to conservationists

to be parsimonious in recommending

sites—to reflect, in short, the cattleman's

view of the Bureau of Land Manage
ment's destiny.

Mr. Tilden, a writer and editor in

the nation's capital, often contributes

columns pertaining to government
activities and tlie natural sciences.
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Many conservationists see the Bureau

as administrator of a valuable system of

f'outdoor recreational and natural lands

[hat could complement the present hold-

ings of national park, forest, and wild-

life refuge systems. The Bureau has al-

ready accomplished some large thinking

in tiiis direction, but its good work can

I

all too easily be modified by small think-

i: ing at local levels.

The Rampart Project

I A little more than four years ago, the

ff\ Secretaries of Interior and Army
isigned an agreement by which the In-

terior's numerous agencies would con-

duct field studies on the possibility of

constructing a gigantic dam on the Yu-

kon River in Alaska. The dam would

back water up the river for 280 miles

and would create a lake of some 11,000

square miles—as large as New Jersey

and Rhode Island. This was the Rampart
project, which would provide a hydro-

power installation with a potential an-

aual energy production of more than 34

billion kilowatt-hours. It would also

lead to the destruction of natural sur-

roundings to an extent unparalleled in

the history of American dam building.

Conservationists had been aware of

the scheme for some years prior to the

initiation of the field studies, but had

generally given it little attention on the

grounds that it was fantastic. They could

aot imagine how the 250,000 inhabitants

Df Alaska (including its military per-

;onnel) could absorb electrical energy

in such quantities. (The 1964 use in the

state was 627 million kilowatt-hours.)

Also, high-wire transmission facilities

to the nearest large industrial centers

A the Pacific Northwest, where a sur-

plus of electrical energy already exists,

were estimated at somewhere between

550 million and over a billion dollars.

The scheme sounded like a pleasant en-

gineering exercise, and hardly a cause

for serious concern. Fantastic or not,

iiowever, the matter has become an ac-

ive conservation issue in the past year,

and it is likely that legislation to launch

:he project will be introduced in the sec-

Dnd session of the 89th Congress.

Conservationists are. quite properly,

ieeply concerned with the human aspect

jf the projected inundation. The dam
would lie across Rampart Canyon, near

he tiny village of Rampart, about 100

•niles northwest of Fairbanks, and would

Jispossess some 2.000 Athabascan Indi-

ms of their ancestral hunting, trapping,

ind fishing lands in the lake-studded

Yukon Flats to the east. Proponents of

the project have argued that the Indians

would be given good jobs in construction

ind maintenance, but the skilled nature

jf all but the most menial dam-connected

work seems to rule out the argument.

The most incredible destruction, how-

3ver, would be wrought on the wildlife

and wildlife habitat of east-central Alas-

ka—on the moose, grizzly bear, caribou,

and small-animal ranges of the Yukon
River Valley, the valleys of major tribu-

taries like the Porcupine, and on the

salmon fisheries so important in the econ-

omy of the Athabascan Indian. It would
also destroy the breeding ground of mil-

lions of migratory and other waterfowl

that have always used the 36,000 lakes

and ponds of the Flats.

Of the nine Interior Department agen-

cies involved in field studies of the

Rampart project, all but one bureau
responded dutifully to the Secretary's

evaluation call with an "amen." The
black sheep of the Interior family was
the Fish and Wildlife Service, which
concluded, in its Report on Fish and
Wildlife Resources Affected by Rampart
Canyon Dam and Reservoir Project,

that "construction and operation of the

Rampart Canyon project would result

in enormous losses of fish and wildlife

resources. . . . Even with mitigation

measures now deemed most feasible,

losses of fish and wildlife would be so

great that this Service must oppose au-

thorization of the project."

Rampart proponents have bitterly de-

nounced the Service's position as "unpro-

gressive," and have brought into ques-

tion on the floor of Congress the Service's

quality of leadership. But the conserva-

tionist point of view has also had Con-
gressional defenders. One of these,

discussing the project in the House of

Representatives recently, humorously
told House members that "the Rampart
project was announced in mid-Septem-
ber 1963. under what could have been
the spell of the aurora borealis, which is

seen most frequently at the time of the

equinox and is supposedly of electrical

origin." The Congressman ended his dis-

course with a statement with which most
conservationists could easily agree: that

"the likes of Rampart has no place there

or anywhere else ... for it would be too

expensive even if it had the capacity to

generate a competing display of north-

ern lights."

The Fish and Wildlife Service has not,

up to the present time, backed away
from its courageous position. Nor, so far

as this column can learn, has it any in-

tention of doing so.

On Endangered Species

IN
a previous installment of this "News-

letter" (Natural History. August-

September, 1965) I mentioned, in a dis-

cussion of the Kaibab squirrel and its

prospects as a viable native species, the

dim outlook for a number of other na-

tive animals. These include certain mam-
mals, fishes, birds, and a reptile that are

currently listed by the Fish and Wild-

life Service as in immediate danger. I

received a number of inquiries about the

availability of the Service's tabulation
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of endangered species, including several

letters from biology teachers who saw
in the tabulation a valuable science and

conservation aid.

The "Newsletter" discussion of the

subject was based partly on the prelim-

inary draft of the first revision of the

Fish and Wildlife Service's Rare and

Endangered Fish and W'ildlife of the

United States. This 213-page, large for-

mat, loose-leaf publication was printed

in limited quantity by the Service, pri-

marily for its own use and that of non-

Service wildlife specialists. The valuable

work has not been widely available, al-

though I have discussed with the Service

the possibility that it be republished—at

least in a condensed version. However,

fully realizing that requests of this na-

ture can pose severe budgetary (and

sometimes policy) questions for govern-

ment agencies, I can only report that

the suggestion was received with both

courtesy and interest.

Concerning the Parks

DURING the latter part of last summer
the Congress authorized the estab-

lishment of the Assateague Island Na-

tional Seashore off the coasts of Mary-

land and Virginia. This ended a preser-

vation battle that had been waged, more

or less constantly, for thirty years.

Assateague Island is a 33-mile link in

the long chain of barrier, or offshore,

beaches that stretches, with some gaps,

from Massachusetts to the Florida east

coast. The island runs south from Ocean

City, Maryland, across the head of Chin-

coteague Bay, to a point just off Wallops

Island in the jurisdiction of Virginia.

The portion of the island in Virginia,

approximately one-third of the whole,

has for many years been the Chinco-

league National Wildlife Refuge, under

the Fish and Wildlife Service.

The legislative history of the effort to

preserve Assateague has been almost as

stormy as the Atlantic waves that from

time to time reshape the island's low-

lying dunes and marshes. The National

Park Service, in a 1935 survey of east

coast national seashore possibilities,

noted Assateague as one of twelve areas

of outstanding potential. Bills were in-

troduced to create such a preservation,

but nothing came of them.

Another survey was made twenty years

later, but by then the Maryland portion

of the island had been acquired by a

real-estate developer. The Park Service

seemed ready to give up, saying that "the

advanced stages of real-estate develop-

ment appear to preclude the possibility

of this area being set aside for public

recreational use." The situation was not

so bad as that, however, even though
plots had been laid out, and fifty or so

summer houses had been built. Power
and telephone lines had been strung, and
a black-topped road, built on the shift-
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ing sands, striped the island lengthwise

to the border of the wildlife refuge.

(Traces of this road can still be seen.)

But for the most part, the island re-

mained in its pleasant, primitive state.

As the years passed, the question of

public status for Assateague remained
undecided. After a destructive spring

storm in 1962, only a handful of cottages

remained, some of them damaged, and
these were further battered during a

severe storm in the winter of 1963. The
real-estate business on Assateague

looked less and less promising, and be-

came particularly bleak after the state

of Maryland blocked further develop-

ment pending acceptable plans for sew-

age disposal. The island's fate became
a lively topic again.

By mid-1965, however, sanitary stan-

dards acceptable to the state had been

worked out by the developer, and there

was an immediate threat of further sub-

division and construction. The state had
gone as far as it could in forestalling

private development, and as the bull-

dozers literally were rolling toward Assa-

teague, conservationists looked to Con-

gress for swift legislation. Congress

responded with an act creating the Assa-

teague Island National Seashore—within
which the Chincoteague Wildlife Refuge

would retain its identity—and President

Johnson immediately signed the act as

Public Law 89-195.

The annual index for

Natural History, Volume LXXIV
(January through December 1965)

may be obtained by writing to:

INDEX
American Museum of Natural History

Central Park West at 79th Street

New York, N. Y. 10024

Two other preservation possibilities

that the National Park Service has re-

cently advanced also merit serious pub-

lic attention. The first of these, on which

the Service has already made a formal

proposal, concerns a national lakeshore

on the south shore of Lake Superior at

the tip of the Bayfield Peninsula in Wis-

consin. The area to be set aside would

include two large mainland units plus

twenty-one of the gemlike Apostle Is-

lands off the northeast tip of the penin-

sula. It would be called the Apostle

Islands National Lakeshore. The pris-

tine islands would be managed as nat-

ural wild areas, while the two mainland

areas—Red Cliff and Kakagon-Bad River

Units—would provide camping and boat-

ing facilities, hiking and nature trails,

and administrative headquarters. The

proposal also contains a recommenda-

tion, by now apparently routine in such

proposals, for a "scenic drive" along the

lakefront, which would allow visitors

who are unable or unwilling to leave

their automobiles "to enjoy the short

line's special interest and beauty."

The second preservation undertakin

that is currently under discussion—bi
which was not in official proposal fori

at the time of this writing—involves th

enlargement of the Organ Pipe Cactu
National Monument in southern Arizon,'

and its reclassification as a major na
tional park. To enlarge it, most of thi

huge Cabeza Prieta Game Range, whicl S

flanks Organ Pipe Cactus to the west am ^
north, would be added, creating a parll

of nearly a million and a quarter acres

This would be a project of heroic pro

portions—one over which conservation

ists and scientists would be enthusiastic

Organ Pipe Cactus National Monu
ment was created in 1937 by Presiden-

tial proclamation. Its main purpose wai

to protect the finest of the few organ
pipe and saguaro cactus stands of the

Sonoran Desert, along with a profusion

of other cactus species, some of them
rare, and various animals such as the

Elf Owl, the White-winged Dove, and

the Gilded Flicker. The Cabeza Prieta

Game Range, running west from the

monument for sixty miles along the

Arizona-Mexico boundary, is adminis

tered by the Fish and Wildlife Service!

and was originally established to pro-

tect desert bighorn sheep. It is a wild

broken, colorful expanse of range and
basin land, shunned by humans during

the summer months because of its in-

tolerable aridity and heat, but mild,

pleasant, and sometimes bright with

desert flowers during winter and spring,

Aside from its resident population of

desert bighorns, the game range sup

ports javelina. or wild pig, and a small

population of antelope.

A National Park Service team of spe

cialists recently concluded a field study

of both the monument and game range,

and has submitted a favorable report

recommending the creation of a 1,930-

square-mile Sonoran Desert National

Park. I am told that the Park Service

proposal should be made public before

the end of 1965, and that legislation may
be introduced early in the second ses-

sion of the 89th Congress. A preliminary

assessment of the park's future, legis-

latively speaking, seems to indicate

considerable opposition from Arizona

sportsmen's organizations, and, perhaps,

from the Department of the Army, since

the Cabeza Prieta Game Range is used

by the Air Force from time to time for

air-to-air missile practice.

[Since the above was written. Arizona's

Congressman Udall has introduced a bill

to establish a Sonoran Desert National

Park, but the Park Service has not made
public a formal park proposal—a rather

unusual proceeding. The bill, H.R. 11695,

was referred, as are all national park

bills, to the House Committee on Interior

and Insular Affairs.]
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NEW! STATIC
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made—stands 14" high. Two 9" plastic
discs rotate in opposite directions. Metal
collector brushes pick up the static elec-
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illustrated booklet included,
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Revolutionary Technological Breakthrough in
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oxygen from water e\en though ant nest is submerged and
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The CDORL6 oj

The pboeNiciANs
BY CYRCis b. qoR6oN

T.he Phoenicians are one of the most important

peoples in history. The name derives from their word

puni—"pertaining to purple dye," which the Phoeni-

cians made from the shellfish murex (Natural His-

tory, January, 1964) and traded throughout the an-

cient world. Phoeni, as in Phoenician, is a variant of

puni, as in Punic. The Phoenicians set the pattern that

the Greeks followed in colonization and trade. We still

use a form of the Phoenician alphabet. But there is no

clear definition of precisely who the Phoenicians were.

It is agreed that the Phoenicians were a nautical

Mediterranean people speaking a northwest Semitic

language resembling Hebrew. They flourished mainly

in the second and first millenniums B.C., and their

homeland is generally thought to be the Syro-Palesti-

nian coast from Tyre to Aradus, with Tyre, Sidon, and

Byblos as the main centers. Starting with the ninth cen-

tury B.C., when the Phoenicians founded Carthage

(the traditional date is 814 B.C.), the western half of

the Mediterranean became the scene of Punic (Car-

thaginian or west Phoenician) settlements. Such is the

more or less generally accepted view, but as is so often

the case, the consensus must be revised in keeping with

the evidence. Modern discovery and research have vin-

dicated the ancient Greek traditions, which held that

Phoenicians of the Late Bronze Age (1600-1200 B.C.)

were spread all over the islands and continental shores

of the east Mediterranean—Egypt, Palestine, Leb-

anon, Syria, Asia Minor, Greece, the Aegean Islands,

Crete, and Cyprus. In fact, about 1500 B.C., the most

important branch of the Phoenicians were the Mi-

noans based on Crete. The Greeks indicated the Phoe-

nician origin of the Minoans in the legend of Minos.

He was the son of the Tyrian princess Europa, whom
Zeus carried to Crete from Phoenicia. Cadmus, Eu-

ropa's brother, became king of Thebes in Boeotia and

introduced Phoenician writing there. According to an-

other Greek tradition, Danaos, a Phoenician from the

Nile Delta, became king of Argos and introduced

Phoenician writing to Greece. These and similar tradi-

tions correctly reflect the spread of the Phoenicians

throughout the east Mediterranean shores, and their

pre-eminence among the classical Greeks' forerunners.

iliasTJMTioNS BY ROBeRTj. lee

Ships of tlie Phoenicians plied the Mediterranean,

Red, and Black seas; the Indian and Atlantic oceans.

Among their trade items were carved ivories, as het

at top, and panel tliat may liave been used as inlay.
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Reconstruction of now-obliterated Solomon's Temple
is based on Old Testament description. Built in 10th

century B.C., it is most famous Phoenician edifice.

Ivory sphinx, right, is unlike Egyptian forerunners.

In the light of the above, we must give the Phoeni-

cians a broader and more flexible definition than the

commonly accepted one. In the Middle and Late

Bronze Ages (2000-1200 b.c.) they were centered in

Crete (especially from 1800 to 1400 B.C.), and con-

trolled a maritime order that the Greeks called the Mi-
noan thalassocracy. That Greek tradition is accurate

is corroborated by the Phoenician nature of the Mi-
noan language (Natural History, November,
1963). It was only when the Mycenaean Greeks
strengthened their grip on what is now Greece that the

Phoenicians were forced to center themselves in the

region commonly referred to as Phoenicia (now on
the coast of Lebanon and Syria).

The Phoenicians were characterized not only by
their northwest Semitic speech and their abode along

the Mediterranean shores but also by their way of life.

They were a navigational and trading people, whose

cities were ports suitable for the small craft of antiq-

uity. Sometimes the bulk of the population lived on the

coast, while the stronghold was an offshore island. This

pattern is best preserved at Aradus, a Phoenician

island off the coast of Syria; the larger community,

however, resided (and still resides) at Tartus on the

mainland. Tyre also once fit into this pattern, but Alex-

ander the Great conquered that island stronghold after

constructing a causeway that joined it to the mainland.

Ever since. Tyre has been a small peninsula. Trad-

ing interests sometimes took Phoenicians inland to

barter or to exploit mines, but at such times they set

up trading stations rather than inland cities.

Phoenicians were probably in the Levant by 3000

B.C., but it is only at the beginning of the Middle

Bronze Age that they are first attested to by personal
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names at Byblos. By then the east Mediterranean had

long been penetrated by at least two highly civilized

and literate cultures: the Mesopotamian and the Egyp-

tian. Most of the land and sea routes then in use had

been operative since at least chalcolithic times, deep

in the fourth millennium B.C.

During the third millennium B.C., Mesopotamian

kings, including Sargon and Naramsin of Akkad,

pressed their conquests to the shores of the Mediterra-

nean. Assyro-Babylonian culture permeated the Le-

vant to such a degree that the international corre-

spondence found at Tell el-Amarna in Egypt is written

in Babylonian. Much of what we know about Tyre,

Sidon, Beirut, Byblos, and other Phoenician centers in

the first half of the fourteenth century B.C. comes from

these Amarna tablets. In the fourteenth and thirteenth

centuries B.C. at Ugarit, on the coast of what is now

Syria, the normal language of international diplomacy

and royal land grants was Babylonian. Egyptian in-

fluence was also strong in Phoenicia. An Egyptian

temple was in Byblos in the third millennium, and

many of the texts and monuments found in Phoenicia

are Egyptian. However, we must not, as a result of

these influences, picture the ancient powers as em-

pires with rigid, hostile borders. Instead, beyond the

natural Mmits of their homelands they were inter-

penetrating commercial spheres of influence. Rather

than trying to strangle Phoenician enterprise, they

generally made use of it, so the continental empires

and the seafaring Phoenicians normally comple-

mented, rather than rivaled, each other. The fine

array of Assyrian and Egyptian rock sculptures and

inscriptions at Dog River, north of Beirut, vividly il-

lustrates that Phoenicia was the crossroads of the an-

cient world. Obviously, Pharaohs and Mesopotamian

kings reached Phoenicia and satisfied their urge to

commemorate their arrival by having their texts carved

side by side there.

o.'rigins are elusive, because a people must

originally have come to any given place from some-

where else. Phoenician origins are no exception.

Herodotus (7:89) states that they came to their clas-

sical abode from the Red Sea. They kept Red Sea

interests, as is clear from the Bible, which tells of

Solomon's treaty with Hiram of Tyre to operate a Red
Sea fleet in the tenth century B.C. (1 Kings 9:26-28).

The earliest textual evidence of the Phoenicians

that can now be read is from Minoan Crete, starting

about 1800 B.C. Although the language is Phoenician,

a number of Egyptian personal names point to the

Nile Delta as the principal source of the Minoan pal-

ace builders. Their Egyptian origin is supported by

the absence of hearths in the Minoan palaces, indicat-

ing that a warm climate existed in the builders' home-

land. Egypt and Palestine are the only countries with

outlets on both the Red and Mediterranean seas, and

it seems hkely that the early Phoenicians facihtated

trade by operating on both bodies of water. In any

case the Nile Delta, unhke Upper Egypt, was inhabited

by Semites as well as Egyptians; among them the

Phoenicians were prominent. Since the main thrust of

the Minoans and later the core of the Hebrew nation

(in the Exodus) both came from the Delta, the latter

can fairly be called the cradle of both the first Euro-

pean civihzation and biblical Israel.

The Minoan thalassocracy might have been a far-

flung Mediterranean power with a government central-

ized in Knossos, but this is far from certain. We do,

however, know that in later times the Phoenicians were

not organized into any unified empire, but were city-

states, each ruled from a coastal capital. Tyre and

Byblos, for example, functioned simultaneously and

independently. Each would hold on to and cultivate

enough adjacent farmland to guarantee an adequate

food supply. But the main occupation was maritime

trade, and to foster it, each city-state estabhshed over-
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seas posts and stations as well as colonies. Sometimes

the colonies outstripped the mother city in importance

and power. Such was the case with Carthage—a colony

of Tyre—which commanded so many sea lanes and so

much territory in the west Mediterranean that she

threatened the power of Rome and was eliminated

only after the long and bitter Punic Wars, which ended

with the city's destruction in 146 B.C.

The Phoenicians founded colonies on the Black

Sea, as well as in the Aegean as far north as Thasos,

•where they established a settlement, exploited mines,

and built a temple (Herodotus 2:44; 6:47). Cyprus

nurtured Phoenician settlements, which persisted side

by side with Greek towns into Hellenistic times. Phoe-

nician texts come from Athens and Piraeus. Asia

Minor had its Phoenicians, and the city-state of Adana,

in Cilicia, was writing its royal inscriptions bilingually

in Phoenican and hieroglyphic Hittite around 720 B.C.,

as we know from the long Karatepe inscription in King

Azitawadd's palace, discovered by chance in 1946.

Farther west, Phoenician and Punic inscriptions attest

to settlements on Malta, Sardinia, Sicily, Ibiza, Spain,

France, and North Africa (Egypt, Libya, Tunisia, and

Algeria). In 1964 a bilingual in Phoenician and Etrus-

can was found at Pyrgi on the west coast of Italy about

thirty miles north of Rome. Thus today Phoenician

is providing a key to the decipherment of problematic

languages such as Etruscan and hieroglyphic Hittite.

The language known as Iberian in Spain was per-

haps Phoenician or, more exactly, Punic, as Iberia

would more likely be under western (Punic) than east-

ern (Phoenician) influence. Cicero, in De Divinatione

2:64, speaks of "Carthaginians or Spaniards" who
"might be talking in the Roman Senate without an in-

terpreter." Cicero does not have Latin in mind. Since

Carthage exploited and colonized Spain, he might

possibly have meant that the two groups of foreigners

spoke Punic, for he mentions them together. Although

other explanations are conceivable, this one is sup-

ported by the presence of Punic words such as qrt,

"city" in the Iberian texts; qrt was pronounced cart,

as in Carthage, which means "new city."

It is known that the Phoenicians circumnavi-

gated Africa under the sponsorship of Pharaoh Necho
in the seventh century B.C. (Herodotus 4:42). The ex-

pedition sailed down the east coast, rounded the Cape
of Good Hope and returned through the Strait of

Gibraltar. As they rounded the Cape, the crew noticed

that the sun was on their right—a fact that Herodotus

chronicled but did not believe. However, it is precisely

this detail that confirms the Phoenician report, for

without realizing it they were in the Southern Hemi-
sphere, and as they sailed west past the Cape, the sun

would indeed have been on their right. Ancient writ-

ings tell of two Carthaginian expeditions in the At-

lantic about 425 B.C.: Himilco's to the north and

Hanno's to the south of Gibraltar. There is no doubt

that these intrepid sailors explored the waters of the

Atlantic in quest of trade and raw materials. The Peri-

plus of Hanno tells us that his expedition founded

colonies on the west coast of Africa. Bold scholars

now and then claim evidence for Phoenicians in the

Americas long before Columbus. Such speculations

are generally considered to belong to the "lunatic

fringe" of scholarsiiip, but it would be a mistake to

scoff at them as preposterous. The Phoenicians were

daring, and while many crews may have perished,

a few may have reached the Americas. Some of today's

"lunatics" may emerge as tomorrow's prophets.

The clearest evidence for the presence of Phoe-

nicians is epigraphic, for their texts are our surest

guide. The Phoenician language is a group of closely

related dialects belonging to the Canaanite branch of

northwest Semitic; it is so close to Hebrew that it is

hard to say whether some borderline texts should be

called Phoenician or Hebrew. No speech barrier pre-

vented the Hebrews and Phoenicians from understand-

ing each other; the spoken dialects of northern Israel

and southern Phoenicia were indistinguishable at the

countries' borders.

Most of the existing Phoenician and Punic texts,

in the familiar form of the Phoenician ABC, are dedi-

catory or funerary. Some are royal inscriptions with

historic data. But there is virtually no literary content

in such texts, even though we know from biblical and

classical sources that Phoenician civilization was

highly developed in Uterature and art. The situation

changed as recently as 1929, when a new Hterature on

clay tablets was first discovered in the ruins of Ugarit.

This literature must be close to that which was current

in the classical Phoenician cities. Some of the specific

texts were known all through Canaan, as is clear from

biblical references to their contents. Ezekiel (14:14-

20; cf. 28:3) refers to a legendary Daniel and his

progeny who, hke Noah and Job, had survived catas-

trophe. The Daniel in question cannot be the familiar

Daniel of the lions' den, who belongs to an age after

Ezekiel. Ugarit has produced tablets inscribed with

the legend of Daniel, whose son Aqhat died but was

revived. We may be sure that a composition current at

Ugarit, and familiar to a Hebrew author, was well

known throughout Canaan, which included the Phoe-

nician cities. Much of Ugaritic Hterature is mythologi-

cal. Since most of the gods in the myths are the stand-

ard Canaanite/Phoenician deities (El, Asherat, Baal,

Anat, Astarte, Reshef, Yamm, Mot), we may assume

that the literature of the Phoenician cities included

texts much like the mythical poetry at Ugarit.

In addition to the religious myths, Ugarit has

yielded rituals, lists of offerings to the gods, and other

tablets of a religious character. The religion of Ugarit

was similar to that of classical Phoenicia; its chief

concern was fertiUty. Baal (helped by the goddess

Anat) must triumph over the forces of death and

sterility. The myths tell of Baal's battle against those

forces: how he suffered defeats (and even death) but

eventually emerged triumphant. Such myths went

hand in hand with rituals performed to secure fertil-

ity and general well-being for the realm.

The religion functioned at two levels, cosmic and

i8



local. The gods are usually the cosmic nature gods of

fertility, sterility, earth, sea, sun, moon, stars, and so

forth. Each locality, however, had its own local mani-

festations of one or more great gods. For instance,

Asherat is the wife of El, the head of the pantheon,

and was a cosmic deity corresponding to Hera, wife of

Zeus. But she was also worshiped as the local, or

patron, goddess of Tyre and Sidon, and as such is

referred to in the Ugaritic epic of King Kret. The re-

ligion of the Phoenicians and Carthaginians had both

its aesthetic and barbarous sides. The myths, rituals,

and pageantry have an aesthetic appeal, but to anyone

raised in the Judeo-Christian tradition, the orgiastic

rites and the human sacrifices are repugnant.

I hoenician art was justly famous. Their carved

ivories were prized for their beauty and were used to

decorate palaces and private mansions in Mesopo-

tamia, Greece, Israel, and other lands beyond the

confines of the Phoenician cities. The ivory houses

mentioned in Amos 3:15 refer to mansions with fur-

nishings inlaid with Phoenician ivories. Since Phoe-

nician art borrowed so much from Assyria, Egypt, the

Aegean, and elsewhere, it was susceptible to great

variation, which depended on harmonious combina-

tions of various elements and on the creative abilities

of the artists. The status their art forms achieved can

be seen in King Solomon's decision, in the tenth cen-

tury B.C., to use Phoenician craftsmen and materials

for building his Temple, which was the most famous,

and possibly the finest, product of Phoenician archi-

tecture. Its construction and adornment are described

IBIglfmfS'^iP*
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Greek-influenced "Sarcophagus of Alexander," below,

of 4th-century B.C. Phoenicia, is Pentelic marble.

Ivory with lotus blossoms is Egyptian in style.



Ivories from Nimrud show influences from other

cultures borrowed by wide-ranging Phoenicians,

who still developed their own distinctive style.

in 1 Kings, chapters 5, 6, and 7 (cf. Ezekiel 40 ff.)-

The Temple site is now covered by the precincts of the

Dome of the Rock in Jerusalem.

The ruhng class of the Phoenician cities was com-

prised of their merchant princes. The values of such a

society were naturally materialistic, and acquiring the

property of others by hook or crook seemed so natural

that there are descriptions of their most beloved gods

using their power to wrest property from those who

refused to sell or part with it gracefully. Even Baal is

described in the Ugaritic myths as covetous; indeed,

the texts use the same word as in the Tenth Command-

ment, which forbids coveting. There can be little doubt

that the Tenth Commandment was evoked in opposi-

tion to the Canaanite standards exempUfied in Phoe-

nician religion and Ufe. It was the goddess Anat who

had the hero Aqhat, son of Daniel, murdered so that

she could take possession of the wondrous bow he had

refused to sell her. The clash between Phoenician and

Hebraic values is also illustrated in the account of

Naboth's vineyard (1 Kings 21:1-28), which tells of

the Hebrew King Ahab, who wanted Naboth's land.

Naboth refused to sell, so all Ahab could do was sulk

Hebrew values forbade the king to wrest property

from an unwilling subject—but his Phoenician wife,

Jezebel, had a different approach. She could not under-

stand her Hebrew husband's scruples, and true to her

native values, she approached matters in much the

same way as her goddess Anat did in the sacred Ca-

naanite texts. Just as Anat had arranged the death of

Aqhat in order to confiscate his property, so Jezebel ar-

ranged for false witnesses to testify against Naboth. He

was put to death and his property was forfeited to the

crown. The modern reader of the Bible is apt to con-

sider Ahab a good, although weak, man and Jezebel a

thoroughly bad woman. But this oversimplified ap-

praisal misses the point. Jezebel was as normal a Phoe-

nician as Ahab was a Hebrew. She was following the

example of her gods, even as Ahab was trying to follow

the precepts of his God. The tragedy of their marriage

was the basic conflict in their native ideals. Jezebel's

standards were precisely those that the Hebrew law-

givers and prophets consciously opposed. In fact, we

cannot begin to understand the Old Testament until

we grasp the nature of Phoenician values.

The significance of the Phoenicians can be judged

by their effects on subsequent history. Their pattern

of plying sea trade and establishing colonies on distant

shores of the Mediterranean world provided the prece-

dent for Greek sea trade and colonization. In con-

nection with their trading activities, they transmitted

and developed business institutions that in some cases

«3!>j
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can still be felt in our contemporary world. For ex-

ample, to buy services or merchandise by giving a

pledge as security pending final payment has a special

terminology in Phoenician. The pledge is called

'^arrabon, which came into Greek as anabon, into

Latin as arrabo (genitive arrabonis) , and into French

as les arrhes. The presence of the Phoenician word in

Europe as far west as France bears witness to the

Phoenician impact on Western economy. Still more
interesting (because it is more fundamental) is the

southern Phoenician/Hebrewterm of roi/i for "capital"

(principal that produces interest). In early times, bar-

ter was the normal form of business dealing. The first

people on record to lay the foundations of capitalism

were the Mesopotamians in the third millennium B.C.,

who provided for the investment of principal to earn

interest. The Sumerians called capital sag, "head";

the Babylonian word qaqqadu had the identical mean-

ing. The spread of Mesopotamian trade brought the

institution and its terminology to the Mediterranean

shores where it was picked up by the west Semites who
called capital rosh or resh (depending on the dialect),

which also means "head." The Greeks called capital

kefalaion (from kefale, "head"); the Romans called

it caput, "head." It is from the last that our words
capital and capitahsm are derived. Thus the terminol-

ogy helps to establish the role of the Phoenician

traders in spreading the basic features of capitalist

economy to our Western world.

I he most important single contribution of the

Phoenicians was the development and spread of the

alphabet. The tablets found thirty-seven years ago at

Ugarit were written in cuneiform script quite unlike

the usual Phoenician alphabet in appearance. How-
ever, it actually is the same alphabet—not only in prin-

ciple but in the order in which the letters were learned.

Whole blocks of letters (such ashi/jklmnopqrs
t u), which have come down to us from the Phoe-

nicians via the Greeks and Romans, were already in

that fixed order in the elementary school tablets writ-

ten at Ugarit in the fourteenth century B.C.—before the

birth of Moses, and much before the traditional date

of the Trojan War. The principle of the alphabet is,

in its purest form, simple: each phoneme (distinctive

sound) in the language is represented by only one

symbol. Since most languages have between twenty

and thirty-five phonemes, they can be written alpha-

betically with a limited number of symbols. Ugarit had

an alphabet of thirty letters; the Phoenicians and

Hebrews got along on twenty-two by not having letters

Punic burial urns from Carthage often contained

ashes of cremated infants, left. Sphinx, far left.

is typical of many ivory Phoenician art objects.
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for the vowels; English has twenty-six. The alphabetic

principle so simplified the problem of Uteracy that it

gradually displaced the more cumbersome syllabic and

ideographic systems of Mesopotamia and Egypt. The

impulse toward simplification was favored by the need

for popular education to help carry on Phoenician

trade. Egypt and Mesopotamia had large scribal

schools and centers connected with temples and pal-

aces, but the Phoenician operational unit, the saiUng

vessel, was so small and the "fleet" was so big that a

large number of scribes was needed. Actually, the

man who kept the log and the business records on a

small vessel might have been a sailor with scribal re-

sponsibilities added to his primary role of boatman.

This meant that the Phoenicians, to train an adequate

number of scribes quickly, had to develop a simple

writing system that could be taught easily.

There has been considerable controversy as to

where the Phoenicians transmitted the alphabet to the

Greeks. This question can now be answered. It was

on Crete, as stated by the Hellenistic Cretan writer

Dosiadas. In Cretan communities like Dreros, where

Phoenicians and Greeks lived side by side and bi-

lingual texts were written, the same alphabet is used

for writing both the Phoenician and Greek versions.

The alphabetic principle has been found in such

Asiatic communities as Ugarit of the Late Bronze Age,

but it lacked the five-vowel system oi a e i o u. On
Crete in the Middle Bronze Age—about 1800 B.C.—

the Minoans were already using a syllabary in which

each symbol stood for a consonant followed by a

vowel. The vowels were five in number: a e i o u. Thus
there were five p-signs: pa, pe, pi, po, pu\ five r-signs:

ta, te, ti, to, tu; etc. When the alphabet was introduced

by other Phoenicians during and after the Late Bronze

Age, the Cretan population (both the Semitic "Eteo-

cretan" descendants of the Minoans and the My-
cenaean Greeks), long accustomed to indicating

ae io u, felt the need for graphically indicating those—

and only those—five vowels. There is little doubt that

the Phoenicians developed what we now call the

Greek alphabet, including the five vowels, in its early

Cretan form. (Only later did the Greeks add four new
letters after u and use eta vocalically.) The Greeks

themselves called their script the "Phoenician letters,"

and Dosiadas knew that the Phoenicians on Crete

transmitted the alphabet to the Greeks because the

process was still going on in his native island during

his Hfetime. We have among the Phoenician Eteocre-

tan inscriptions—in addition to the earUer ones going

back as far as the sixth century b.c.—at least one

written as late as 300 B.C.; others must have been

written still later.

o ne of the most significant developments in

archeology is the vindication of the ancient Greek tra-

dition that the pioneers of their civilization were pri-

marily Phoenicians. This applies to all the coasts of

Asia Minor, Cyprus, Crete, the Aegean, and the Greek

peninsula, as well as of northeast Africa and Phoenicia

proper. The Phoenician character of the people we
call Minoans explains, among other things, how
Greek and Hebrew civihzations are parallel structures

built on essentially the same foundation, for both of

these classical peoples built on the heritages of their

Canaanite/Phoenician predecessors. A somewhat
similar development was to take place in the Roman
west Mediterranean. North Africa, Malta, Sicily,

Sardinia, southern France, the Balearic Islands, Ibiza,

and Spain had many Punic settlements. Eventually

Rome triumphed over those Semitic communities, but

in doing so was influenced by them. Plautus' Latin play

called Poenulus (produced in 194 or 193 B.C.) has

some Punic dialogue recorded in Latin letters, so

Roman audiences must have included people who un-

derstood enough Punic to enjoy the play in its en-

tirety. The influence of Punic on Latin is witnessed

by the fact that have or ave ("hail!" or "be well!") is

the Punic imperative have ("Uve!").

Our Phoenician heritage is with us in our daily lives,

not only when we hear "Ave Maria" sung, or are in-

volved in some capitalistic enterprise, but, indeed,

each and every time we use a single letter of our ABC.

Phoenician tribute bearers, below, are on Persepolis

relief. Empire of Medes and Persians utilized these

people for their naval value. Leptis Magna, right,

on Libyan coast, is most impressive of Punic sites.
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Surinam Animal Rescue'
NEW DAM TRAPS WILDLIFE IN HIGH WATER

by J. ROBERT SMITH

In the construction of a hydroelectric

dam in Surinam, thousands of ani-

mals were displaced by the flooding

of an 870-square mile area, and the

work of transporting them to a habit-

able place fell to the International

Society for the Protection of Animals.

The I.S.P.A. was established in 1959
through the co-operation of Dr. Eric

Hansen of the Massachusetts S.P.C.A.

and the Royal S.P.C.A. in London.
Its formation stems from one of the

earliest problems that faced animal
welfare societies—that of the transpor-

tation of livestock and other creatures

by ship. Under the new regulations in-

stigated by the I.S.P.A., animals are

checked prior to sailing and inspected

again upon arrival at their destination.

In many cases, investigation proved

that no safeguarding laws existed, or

if they did, they were not enforced.

Through the assistance of this new
central organization, local societies

were able to effect changes in the han-

dling of animals in transportation and
to obtain directives for the proper con-

struction of shelters and clinics.

The catastrophe threatening the

Surinam animals came to the attention

of the Society in March, 1964, through

a letter from the humane society in

Paramaribo, which was written to me

three-toed sloth holds to the top of a

stump and surveys its surroundings for

possible food, left. Mother and infant

sloth are carefully moved to safety by

rescuers, right, while another is lifted

cautiously from water on an oar, below.





renched opossum has climbed an isolated tree in searc,

for safety while fleeing inundation of its former island home

ush Negro takes a captured armadillo to camp from dugou

canoe used in the I.S.P.A.-sponsored Surinam aid operation



wo members of rescue squad swim in

pursuit of a deer that has been driven

into water by hunters and their dogs.

De'eer is guided by one of the staff to

the side of canoe ivhere other members of

party ivill aid in lifting animal aboard.

Uohn Walsh of Massachusetts S.P.C.A,

helps hold deer while its legs are tied

to prevent injury on trip to mainland.

as Chief Administrator of the I.S.P.A.

(Western Hemisphere). With John

Walsh of the Massachusetts S.P.C.A.,

I immediately flew to Paramaribo to

have an emergency conference with a

government committee.

After two weeks in the jungles, trav-

eling to primitive villages in dugouts,

locating islands formed by the flood-

water, and generally assessing the ter-

rain, we decided that it was expedient

to hire Bush Negro inhabitants of the

area as the main personnel for the

operation. Since the language barrier

was an additional difficulty, it was
necessary to have an interpreter. In

the local dialect the original name of

the project was Tjali Oedi Givamba,

meaning "pity the poor jungle ani-

mals," which later was shortened to

Operation Gwamba.

vJur initial step was to map the is-

lands, which were extremely difficult

to locate. The men had to climb trees

to spot the green vegetation that be-

trayed the presence of the islands,

which . were surrounded by dense,

dead, gray trees and bush. Finding the

mainland shore was nearly as hard. It

took hours of probing through the in-



undated forest to locate it; then many
more hours to cut through with

machetes to make the paths that were

used to release the rescued animals.

Rescue procedure varied. Larger

animals, such as deer, ocelots, jag-

uars, and peccaries, were chased from

the islands into the water by two local

professional hunters and their dogs.

Bush Negroes in motorized dugouts

were strategically placed around the

islands, and when an animal took to

the water, they pursued it. Upon reach-

ing the animal, the men leaped into the

water to capture it, then lifted it into

the boat and tied it with rope made of

nylon stockings donated by women of

the United States. Many of the ar-

boreal animals, such as tamandua and
silky anteaters, porcupines, opossums,

and monkeys, were found in trees left

standing on islands already under
water. The men paddled their dugouts

among the trees, and when an animal

was found, they climbed the tree to

dislodge it or cut the tree down and
picked the refugee up from the water.

A\ mong the many other animals res-

cued were armadillos, pacas, tapirs,

kinkajous, lizards, and snakes, in ad-

dition to domestic cats and dogs left

by the villagers whose towns ^vere in-

undated. Many hundreds of two-toed

and three-toed sloths were also found

in the trees, starving from lack of

fruit and the leaves and buds of Cecro-

pia, which comprise most of their diet.

In many cases the sloths, brought

down and placed in sacks, were too

weak to be released, and were put into

a hospital compound until recovered.

Snakes, especially the aggressive

and poisonous bushmasters, proved
to be a problem. As the water rose,

they—like the other animals—were
crowded into increasingly smaller

areas. Also, animals trying to swim to

the mainland were seriously endan-

gered by the piranhas in the waters

surrounding the islands, as were the

men who were forced to take to the

water in the rescue process.

Most of the supplies for the project

were sent from the United States-

cages of all sizes, tranquilizer guns,

animal control sticks, first-aid kits,

and a supply of antivenin to be used

in case of snakebite.

To date, over 8,000 large animals

have been rescued through the effec-

tiveness of the I.S.P.A.'s Operation

Gwamba, and the work will continue

at least through January, 1966.

/"Krboreal animals such as porcupine:'

were dislodged jroni trees, right, which
were sometimes jelled for the purpose

heed by the flooding in Surinam dam
construction, tamandua clings to branch,

\

above, peering at rescuers and camera.

/amandua is retrieved from the water

by Operation Gwamba personnel using

rubber noose on the end of a long pole.





IVKriad Colors in Coral
Life forms on the Great Barrier Reef are best seen at low tide

By Bruce Hunter

THE Great Barrier Reef, lying from

thirty to one hundred miles off the

northeastern coast of Australia, is the

longest series of coral reefs in the

world. It stretches for 1,250 miles

from Torres Strait, which separates

Australia and New Guinea, to the

Tropic of Capricorn. Some of the in-

dividual reef formations rise 6,000

feet from the ocean floor, and others

are far enough apart to permit the pas-

sage of seagoing vessels. The reef is

visible only at low tide, and with the

rising of the sea even coral boulders

on top of the reef are submerged.

Before one can explore the Great

Barrier Reef, the sea must be calm,

the tide must be low (preferably the

low of the spring tide, which occurs

twice monthly at new and full moons)

,

and there should be no breeze to dis-

turb the water's surface. The reef is

about thirty miles from the nearest

islands, and even with careful plan-

ning one cannot manage more than a

two-hour inspection on the surface be-

fore the tide again rises to cover the

coral. Lindeman Island, approached

by plane from the mainland town of

Mackay, is one point of departure, al-

though it may be necessary to wait

several days for favorable weather.

When conditions are suitable, the jour-

ney to the reef is made by cruiser and

then rowboat.

The reef crust looks flat and gray

from a distance, but closer inspection

reveals the dramatic colors of several

hundred species of living corals. Also,

just below the surface of tide pools

shaped by irregular masses of coral,

plants and animals range in color from

emerald-greens and cobalt-blues to

brilliant golds, pinks, and violets.

Every footstep crushes down on the

coral, and startled fish and crabs

scurry away in the network of trapped

tidal water, which ranges from a few

inches to over a foot in depth. Sea

urchins, starfish, and beche-de-mer,

or sea cucumber, move slowly across

the bottoms of the pools, where many
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If exposed to the air for too

long, mass of staghorn coral,

above, will die. Reef appears

flat and gray from a distance.

Embedded in dead coral, at

the left, a nine-inch-long clam,

Tridacna fossor, leaves its

zebra-striped mantle exposed.

Brain coral, a stony coral

that contributes measurably to

reef construction, grows in

many tide pools on the reef.



species of mollusks, such as the abun-

dant, poisonous cone shell, Conus mar-

moreus, are also clustered.

There are many starfish on the reef,

but none with the distinctive color of

the ultramarine Linckia. This vivid and

beautiful animal, often seen clinging

to dead algae, is sometimes found on

the underside of coral boulders, which

are large masses of dead coral that

have been tossed on top of the reef by
the sea. A great number of algae may
also be found, among them the con-

spicuous sea grape, Caulerpa race-

mosa, which grows in profusion

among the corals in the tide pools and
looks like clusters of green raspber-

ries. The calcareous Lithothamnion,

another alga, is colored delicate shades

of pink and orange, and looks rather

like the eroded coral over which it

grows. When overexposed to the air,

it dies and turns white, and plays an

important part in reef construction.

WHEN one first glances over the

reef, it is difficult to imagine the

life processes of a single coral polyp,

or animal. A colony houses hundreds
of separate polyps, each with a protec-

tive skeletal wall formed by a secre-

tion of calcium carbonate from the

animal's outer "skin." Despite its

seeming delicacy, the polyp is stimu-

lated by strong surf, and a reef com-
munity thrives best in strongly agitat-

ed surface waters. Each polyp is male
or female, and reproduces by eggs

and sperm. The egg is fertilized out-

side the polyp, develops into a planula

larva, and then floats in the sea for a

short time before attaching itself per-

manently to part of the reef mass.

Here it reproduces by branching and
budding, and in so doing continually

forms new colonies.

The corals are coelenterates, and are

not too different in structure from the

sea anemones commonly seen along

North American shores. The coral

polyp is jelly-like and pliable, and
muscle bands around its body cause
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it to expand and contract. It is cylin-

drical and attached at one end to the

coral colony, while the other end is

flattened and contains the oral disk,

or slit, used for feeding and excretion.

It feeds on plankton, which are micro-

scopic animal and plant forms that re-

main deep in the ocean in daylight

and move toward the surface at night.

When food is within the polyp's reach,

tiny threads that form part of its sting

cell are ejected to stun the prey, and

tentacles around the opening act like

arms to seize, hold, and push food into

the mouth. The tentacles contract when
not in use, and are usually not visible.

Brain corals and star corals are

widely distributed on the Great Bar-

rier Reef and make up the more solid

masses of reef construction. Brain

coral, which has a wide color range,

grows in spherical masses much like

the shape of the human brain, with the

polyp colonies forming elegantly con-

voluted ridges and valleys. When low

tides expose them to air and sun too

long, the domes of these colonies die,

leaving a base outer ring that contin-

ues to grow higher, often causing the

formation to resemble a basket. The
dead central bed then becomes the

home of small clams, crabs, and algae.

The star corals are vividly colored,

ranging from straw-yellows to blues,

and from emerald- and grass-greens to

purple-browns. Since they are night

feeders, as are most corals, their

polyps are contracted during the day.

As a result, much of the color in the

tide pools depends on the coral's lime-

stone structure rather than on the vari-

eties of colors of the polyps.

Large, massive corals, such as the

star and brain corals, are apt to be

found on the more exposed, seaward

side of the reef, while more delicately

structured corals colonize in pools and
on the more sheltered side. The beauti-

ful staghorn coral, Acropora, in

shades of heliotrope and blue, can be

seen in many varieties. On the seaward

side of the reef it becomes heavy and

thick and grows to several feet, often

resembling the limbs of great trees. In

tide pools, however, where the sea is

calmer, more delicate varieties of stag-

horn grow to only a few inches.

Looking more like seaweed than any
other coral, Lobophyton, which forms
in colonies several feet across, is one
of the soft corals that abounds in many
sections of the reef. It is a large,

flabby mass with soft, spongy, branch-

ing fingers that range in color from

dull olive-green to various shades of

ocher. The soft corals are in contrast

to the stony corals, such as the brain

corals and staghorn corals, which have

a rigid limestone construction.

Embedded in the coral on the reef

is the giant clam, Tridacna gigas,

which is often considered the largest

known shellfish and may reach four

feet in length and weigh as much as

five hundred pounds. A smaller vari-

ety, Tridacna jossor, is more common.
These clams, often referred to as

"frilled clams," are usually not over

ten inches long. They burrow into the

dead coral, and leave exposed only the

beautiful fleshy mantle that surrounds

their mouths. Like the corals, the

Tridacna have algae, which contribute

some part of their nutrition, living

within the tissue of their mantles.

There are still many questions on how
this symbiotic relationship functions,

but much of the color of the clam's

mantle is believed to come from the

algae. The mantles of the clam have

a variety of designs—some are zebra-

striped and spotted; others are solid.

THE foundation of Great Barrier

Reef has been constructed, for the

most part, by massive, stony corals.

Calcareous algae, too, with their secre-

tions of calcium carbonate, have been

important in the cementing action.

Along with these reef builders are

many other forms of marine life that

add to the skeletal wall. One of these

is the foraminifera, or "pore-bear-

ers," so called because of the perfora-

tions on their shells. They are amoe-

boid protozoans with protective skele-

tons of calcium salts, and they contrib-

ute substantially to reef construction.

While reef building is in process, de-

structive forces also play a role in the

long history of a reef. Some of these

destroyers are burrowing worms,

clams, mussels, and barnacles. The sea

and the weather, too, often damage the

reef. Boulders of coral weighing sev-

eral tons have been torn from the reef

edge and hurled high on the crest.

Visitors leaving the Great Barrier

Reef inevitably plan to return, be-

cause little can be seen in such a frus-

tratingly short time. Tide pools far

down the reef, holding hundreds of

coral species, wait to be explored. Pro-

tected by an outside rim of the hardiest

corals and algae, which continues to

build and rebuild, thousands of plant

and animal communities survive on

the reef in countless ecologic niches.



Blue starfish, Linckia, moves along bottom of tide pool,

I above. The green alga is Caulerpa racemosa, or sea grape.

Polyps are contracted, right, in a colony of hard coral,

iStylopora palmata. Rosy color is from the skeleton itself.

Extended polyps give purple color to a poritoid coral. The

algae nearby are orange Lithothamnion and green sea grape.
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Lightning
Tlirougli

A Lens

COMPLETE UNDERSTANDIIMG

OF THE PHENOMENON
BEGINS TO EMERGE VIA

PHOTOGRAPHIC ANALYSIS

by RICHARO E. ORVILLE





Growth of cumulus clouds in afternoon

frequently produces evening lightning.

I he mythology of past generations

supplies ample evidence that light-

ning has always been deeply respect-

ed. Much that has been written about

the phenomenon indicates the inter-

twining of truths and untruths in

men's minds; only in comparatively

recent years has science begun to

attack the subject. Time, patience,

and careful techniques are leading

gradually to a detailed description of

the lightning flash. At some time all

of us have asked, "What is light-

ning?" and "How is it produced?"

Perhaps we have also wondered

about its physical characteristics. To-

day, these questions are implicit in

a variety of basic research programs,

whose purpose is to obtain photo-

graphic records of the lightning dis-

charge and to supplement them with

simultaneous electrical studies. All

this information must then be cor-

related with laboratory studies of the

passage of electricity through gases.

Through these extensive efforts a

model of the lightning flash is begin-

ning to emerge. In the following dis-

cussion we will limit ourselves to de-

Foiir separate flashes are seen in this

dramatic display over Tucson, Arizona.

scribing some of the results that have

been obtained from photographic

studies of lightning.

It is interesting that some of the

earliest photographs of lightning

were taken by astronomers. These

were not always typical black-and-

white pictures, but rather were spec-

troscopic recordings of the intense

discharge. They were obtained by

mounting a transmission grating or

a prism in front of a camera, setting

the lens to time exposure, and waiting

for a lightning flash. The results were

similar to the accompanying photo-

graphs, but without the detail in the

current spectra. Astronomers are in-

terested in observing lightning be-

cause studies aUow them to separate

the spectrum of a lightning flash from

that of the aurora or of the night-

glow—either of which may appear

during many hours of exposure. It is

necessary to separate the spectra if

that of the aurora or of the nightglow

is to have any meaning.

In later studies of Ughtning, high-

speed cameras were used to separate

the various components of the light-
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ning flash. Here there was a choice

between a fixed lens and revolving

film, or a moving lens and fixed film.

The results of the studies tell us that

the visible cloud-to-ground flash may
be composed of several processes

called strokes. These strokes, in

turn, consist of a leader process,

which establishes a short circuit be-

tween the cloud and the ground, and
the return stroke, which is the flow

of current through the short circuit.

It is the brilliant return stroke that

we see, as the leader process is far

too faint for the eye to detect.

But what causes these intense dis-

charges between the cloud and the

ground? Studies of the electrostatic

fields of cumulo-nimbus clouds indi-

cate that the cloud top has a pre-

dominantly positive charge, and the

base has a predominantly negative

charge. During the electrification

process, opposite charges, produced

on different cloud particles, are sepa-

rated to produce predominantly posi-

tive and negative regions in the cloud.

When the increasing electrical charge

exceeds a critical value, beyond
which the air can no longer contain

the charge, the air will "break down,"
and current will begin to flow. This

flow of current (the lightning stroke)

may occur within the cloud, between

clouds, or between the cloud base and

the ground. It is this last process that

is of particular interest to us.

^^ rom the negative charge region

in the cloud base, a faint, luminous

channel, or stepped leader, proceeds

in steps toward the ground. After

each step, which averages fifty yards,

there is a pause before the channel

continues its tortuous path down-

ward. At the beginning of each step,

branches or forks may form and con-

tinue in their steplike pattern toward

the earth. An ionized path is formed

in a few thousandths of a second by

this stepped leader, much too fast for

the eye to see, but clearly resolved

on film by high-speed cameras for

later analysis in the laboratory. The
point actually struck by lightning is

determined only in the last one

hundred yards or so, when the stroke

is near the ground, and the short cir-

cuit between the cloud and the

ground is nearly complete. The chan-

nel contains a large number of free

electrons in its ionized path. When
electrical contact is made with the

ground, the return stroke begins, and

electrons flow rapidly toward the

ground, like water from a bathtub

drain. The electrons nearest the

ground move first, and then others

cascade down from higher and higher

levels. Similarly, the brilliant lumin-

osity of the return stroke streaks

higher and higher toward the cloud

base at one-third to one-tenth the

speed of light. This is the heavy cur-

rent phase that we see, and the con-

sequent heating and expansion pro-

duce a shock wave that we hear as

thunder. In approximately one ten-

thousandth of a second the stroke

is completed. Leaders of subsequent

strokes pass smoothly down the pre-

ionized channel. The light is intense

at the tip, and a high-speed camera
records a dartlike spot of light—the

dart leader—passing down the chan-

nel. Again the return stroke occurs.

This leader—return stroke process

may be repeated ten or more times

and be perceived by the observer

only as a flicker. If a strong wind is

blowing across the line of observa-

tion, the channel of subsequent dis-

charges is displaced, and produces

the phenomenon that is commonly
referred to as ribbon lightning.
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Brilliant displays of lightning in

Tucson, Arizona, recently prompted
Leon Salanave, a research associate

with the University of Arizona's In-

stitute of Atmospheric Physics, to re-

vive the technique of recording slit- '.

less spectra of lightning. This is ac-

complished, as I mentioned previ-

ously, by mounting a transmission

grating in front of a camera. The,
lightning flash serves both as the I

source of light and the slit. The re-i

suiting spectral hnes are the image
|

of the channel itself. Thus it is pos-

sible to study not only the character-

'

istic emissions from the flash but also

!

the variations in temperature and
density along the channel.

These techniques have produced
over three hundred slitless spectra

on high-speed black-and-white film;

two examples are reproduced on page i

39. Note that the spectrum of the en-

tire flash has been reproduced in one
case, whereas the other is the result

of isolating a section of the lightning

channel in the focal plane and then
rotating the film. The result is a

spectrum of the flash, time-resolved

into its component strokes.

The same qualitative data can be
obtained on color film, but are in-

adequate for quantitative analysis.

Nevertheless, the recent introduc-

tion of fast color emulsions and the

availability of inexpensive replica

gratings bring the technique of slitless

spectroscopy of the lightning flash

within the range of the amateur
photographer. The first color spec-

trum of lightning is reproduced here.

I obtained it by mounting a transmis-

sion grating (13,400 lines to the

inch) between two pieces of glass

and using it as a filter on a 35 mm
camera with a 50 mm. lens. The
photograph will clarify the following

step-by-step description.

Ribbon lightning takes its name jro

an effect created by strong winds th

nanie from
'.at

blow across point of observation and
displace the successive strokes in flash.

^Jn August 8, 1964, an intense

thunderstorm, with continuous rain

and winds estimated at 30 miles per

hour, approached our lightning ob-

servatory, located a few miles east of

Tucson. My camera was loaded with

Kodachrome II Daylight film, the

aperture was opened to f/4, and the

shutter set on time exposure. Aftei

about 15 seconds, a lightning flash

occurred approximately 1 km. from

the tripod-mounted camera. Intense-

light from the flash silhouetted the

guardrail in the foreground and en-
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Extensive line identifications have been obtained from black-

and-white spectrum of a flash of single or of many strokes.

When lightning channel section is isolated by spectrograph,

a time-resolved spectrum is acquired by rotating the film.

tered the transmission grating, where

it was split into its component colors,

or spectrum. (The appearance of a

spectrum is the result of an interfer-

ence phenomenon of light, which oc-

curs whenever you see a rainbow.)

A transmission grating has the prop-

erty of passing most of the light

straight through—like an ordinary

sheet of glass—while the remainder

is sorted out into spectra on either

side of the undeviated beam. The
latter produces what is called the

zero order of interference; immedi-

ately to the right and left of this are

found the pair of first-order spectra,

or first order of interference. Spec-

tra of higher orders are found still

farther from the undeviated beam
(zero order) and are much fainter.

jThe zero and first orders were fo-

: cused by the lens onto the film, where
the images were recorded for our

qualitative analysis. Luminous
branches from the lightning flash

were too dim to yield spectral images,

jand therefore only the spectrum of

the main channel appears on the

right. We immediately note the wide
[range of color, from deep blue to two
[strong red lines, and the curious ab-

sence of any yellow. At various points

(in the spectrum, streaks appear, and
in the blue region are two faint,

white lines that seem out of place in

[jthis ordered arrangement of color.

At the left, the brilliant lightning

channel is paralleled by three satel-

lite lines. Two of these lines are

symmetrical along the main channel
and show a sHght color dispersion

across their diameter, while the third

satelhte line shows no color disper-

sion across its diameter. From pre-

/ious work I have done with the slit-

ess spectrum of lightning, I have
iiscovered that it is now possible to

identify all of these curious features.

The principal constituents of our

atmosphere are nitrogen, oxygen,

and water vapor, which is composed
of hydrogen and oxygen atoms.

Therefore, it is not surprising that

an intense electrical discharge in the

atmosphere produces a spectrum

with emission lines from these ele-

ments. For example, the most in-

tense red line in the spectrum is the

so-called H-alpha line, attributed to

hydrogen atoms derived from the dis-

sociation of water molecules in the

path of the lightning flash. Dissocia-

tion results when the high current in

the return stroke supplies the neces-

sary energy to split the water mole-

cule into its component parts—two
hydrogen atoms and one oxygen
atom. These will then emit light that

is characteristic of their species.

Dissociation also occurs to the

nitrogen and oxygen molecules. At
higher energies, each atom loses one
electron, and we then see characteris-

tic lines of singly ionized oxygen and
nitrogen atoms. Indeed, most of the

lines in the slitless spectrum of

hghtning, and all the lines to the

left of the intense red line, are at-

tributed to the singly ionized state of

these two elements. Our atmosphere

filters out more of the blue and green

lines than the yellow and red, and,

therefore, distant flashes on the

horizon frequently have a reddish

color. (This is exactly the same phe-

nomenon that makes the setting sun

appear red.) These flashes are too

far away for their thunder to be

heard, and when observed under

clear skies on a warm summer
evening are called heat lightning.

The only remaining features to be
explained in the spectrum are the

horizontal streaks occurring at vari-

ous points along the channel. Recent
studies indicate that there is a con-

tinuum existing throughout the op-

tical spectrum at all heights in the

channel. At points where the stepped

leader process described above has

led the channel horizontally for a

short distance and, by chance, also

directly toward or away from the ob-

server, the exposure is intensified,

and we observe the characteristic

lightning streaks. Every slitless spec-

trum of lightning shows this feature.

^2^n explanation for the two faint

white lines in the region of blue is

found in the overexposure of the

main channel. Now recall that the

transmission grating is mounted be-

tween two pieces of glass for protec-

tion and is then attached to the cam-
era lens. The intense zero-order light

passes undeviated through the grat-

ing and produces an overexposed

image and several multiple images.

Some of this light is reflected from
the film, and returns through the lens

to the glass protection plates. Here
reflection again occurs from the re-

spective plates, and two faint inverted

images are recorded in the blue re-

gion. The lines do not have the same
intensity because the light has passed

through more glass in one case than

in the other (drawings, page 40).

Around the intense zero-order

image in the color picture are two
channels left of the main channel and
one on its right. The distribution is

obviously asymmetrical. The two
satellite lines, which are symmetrical

about the main stroke, show a sHght

color dispersion across their diam-
eters—from blue to red as one looks

away from the main stroke. This set

of satellite lines is therefore associ-

39



FIRST
ORDER

White light of a flash is split into

its various orders when going through

a filter consisting of a transmission

grating, ruled with thousands of lines

per inch, between glass. Light is then

focused by the lens onto film plane.

FAINT
WHITE LINE

IN REGION OF
ROYAL BLUE

The rays reflected from the glass are

exactly parallel providing the pair of

glass plates is also parallel, therefore,

the rays focused by the lens to form
a single, faint, and inverted image
are in spectrum region of royal blue.

<, ->

// the glass plates are not parallel,

the light rays reflected from them
will not be parallel, and will cause

iwo inverted images of main channel

to be focused on film by lens. Brighter

image is then closer to main channel.

BRIGHT

If glass plates are not parallel and
are slanted in the opposite direction,

two inverted images of the channel

will be formed with the bright image

farther from the main channel. This

is illustrated in the color photograph.

ated with diffraction effects. They
are false lines with a symmetry in

spacing and intensity. This phenom-
enon is caused by a periodic error in

the ruling of the grating lines and is

characteristic of inexpensive gratings.

Because of the lines' low intensity

they fail to show up in the first-order

spectrum. This explains two of the

three satellite lines. The remaining

line is the result of an internal reflec-

tion from the main channel image.

It should be emphasized that this

color photograph contains only the

qualitative features studied previous-

ly on superior black-and-white spec-

tra. For example, a study of the

relative intensity of singly ionized

nitrogen lines has made it possible

to estimate the temperature of several

strokes in a flash. Values on the

order of 45,000°F., or more than

four times hotter than the surface of

the sun, have been obtained. Further

analysis tells us that the pressures

within the stroke reach twenty to fifty

times the normal atmospheric pres-

sure. But the corresponding density

of this incandescent gas is only about

one-fifth that of air at normal pres-

sure and temperature. There has been

a very rapid expansion and a very

great rise in temperature; this gives

the transient effect of a high pressure

occurring in a gas of comparatively

low density. We should keep in mind
that previous measurements of the

current in a hghtning return stroke

attain peak values of 20,000 am-
peres, with some rehable measure-

ments as high as 200,000 amperes.

(The fuses in our homes are set to

break the circuit when the current ex-

ceeds 15 or 20 amperes.)

^3tudies are being continued to

correlate these luminous emissions of

lightning with their electrical char-

acteristics in an effort to obtain a

complete description of the lightning

flash. It has been relatively easy to

carry out isolated experiments on
many flashes, but it has also been de-

ceivingly elusive to operate many
experiments on a few flashes simulta-

neously. In time, lightning will yield

to these studies, and another step will

have been taken in understanding

nature's physical processes.

As stepped leader descends from the

cloud base, forks may branch from it.
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Adelie lunges at a South Polar Skua

as it flies low near the penguin nest.

Skuas prey on penguin eggs and chicks.

Predatioris



Impact on Penguins
Skua and Adelie predator-prey habits reflect long-term adjustments

By William J. Maher

Astudy of the predator-prey re-

lationships between the South

Polar Skua (Catharacta skua maccor-

micki) and the Adelie Penguin (Py-

goscelis adeliae) reveals many in-

teresting adaptations that have oc-

curred in the two bird species. Pre-

jdation is a complex phenomenon that

laffects the behavior and structure of

both predator and prey, and is also

presumed to affect the numbers of

both populations. It is this latter as-

pect of predation—the short-term con-

trol of the numbers of each species—

that engages the attention of many
biologists. I spent the austral sum-

mer of 1960/61 at Cape Hallett in

northeastern Victoria Land, Antarc-

tica, studying the skua and the Ade-

lie Penguin, and in this article I shall

discuss certain long-term adjustments

that both predator and prey appear

to have made. I will then try to assess

the impact of skua predation on the

penguin numbers at Cape Hallett.

The South Polar Skua breeds in col-

onies around the edge of Antarctica as

well as on snow-free mountain ranges

some distance inland. It is a large bird,

weighing about 3.1 pounds, and is

similar in appearance to a large, brown
gull. Indeed, it is considered to be a

primitive relative of the gulls. The
skua is partly a scavenger, but it also

has predatory habits. It is usually the

only bird seen flying in the bright day-

light hours in the Antarctic and is par-

ticularly abundant around the Adelie

Penguin colonies. Its predatory habits,

boldness, and rich brown plumage,

tinged with gold especially on the

bead, have led some biologists to com-

pare it with the Golden Eagle.

The Adelie Penguin nests in colo-

nies on the perimeter of Antarctica,

and on a few islands just north of that

ontinent, occupying the coastal land

that is ice-free and accessible in the

summer. Its nesting congregations

range in size from a few thousand

jirds to enormous colonies estimated

It almost a million pairs. The Adelie

is not a large penguin—an average

adult weighs 9.8 pounds—but it is

about three times heavier than a skua.

Breeding side by side, then, the skua

and the Adelie Penguin are closely

associated, and probably every Adelie

colony is exploited as a food source

by a colony of skuas. Some small skua

colonies and occasional pairs of skuas

are associated with the colonies of

other Antarctic birds, such as the

Snow Petrel (Pagodroma nivea) , but

the Adelie Penguin is the skua's major

food supply, and it is probable that the

skua could not maintain itself in Ant-

arctica if it were not for the Adelie.

Cape Hallett is a towering headland,

1,000 feet high, which forms the sea-

ward bastion of Edisto Inlet and Mou-
bray Bay (see map, page 45). The

penguin and skua colonies occupy a

forty-acre hook-shaped sandspit on the

lee side of the cape. A ridge along the

seaward shore has a maximum eleva-

tion of ten feet, and behind this there

are a series of lower ridges and shal-

low depressions.

The South Polar Skuas, which num-
bered 181 pairs in 1960-61, nest in

a loosely knit colony on the slope just

above the penguin colony and on an

adjacent area of low land. A few skuas

also nest in depressions within the pen-

guin colony. An estimated 60,000

breeding pairs of penguins nest on the

ridgetops, usually avoiding the de-

pressions, which are frequently flood-

ed by melt water during the summer
months. The penguin colony is thus

subdivided into a number of discrete

small units, or colonies, separated by

unoccupied areas. Both the skua and

the penguin display that fearlessness

of man characteristic of many Antarc-

tic animals that have no natural pred-

ators on land.

Adelie Penguins begin to arrive at

_f\^ Cape Hallett in the middle of

October, having spent the winter

months on pack ice to the north. Ar-

riving birds hasten to territories used

in previous years, and as a result the

same pairs usually mate year after

year (Natural History, October,

1962) . Two eggs are laid two to three

days apart, in late October or early

November, and incubation by the male

begins after the first egg is laid. The
female returns to the sea to feed, and

then, only a few days before the eggs

hatch—some thirty days after they

were laid—relieves the male, who goes

to sea to break his long fast. The
adults then take turns brooding and

feeding the chicks, and after four

weeks, when the chicks are half-grown,

they begin to gather in groups called

creches. They are fed by the adults

until fully grown. By early February,

at nine weeks of age, the chicks gather

at the edge of the water and make
clumsy attempts at swimming. Finally,

after gaining some proficiency, they

swim to a nearby ice cake and then

drift out to sea, where they will remain

until ready to breed several years

later. Adults leave the colony at about

the same time, although a few remain

and undergo their annual molt there,

instead of on the ice.

The skuas arrive at Cape Hallett

in the latter part of October, just after

the Adelie Penguins. Like the pen-

guins, they usually reoccupy their

old territories and remate with their

former partners. Two eggs are laid in

mid-November, a day or two apart,

and the sexes share equally in the 28-

day incubation. Chicks begin to hatch

in mid-December. Young skuas stay

near the nests and are protected

(sometimes from cannibalism by other

skuas) and fed by their parents for

six to seven weeks before they are able

to fly. They are dependent on their

parents for food for several weeks

after this. Fledglings and adults be-

gin to leave the colony in late Febru-

ary, and the young apparently do not

return to the breeding colony until

they are four or five years of age.

Many features of the skua's breed-

ing habits and breeding schedule re-

flect an almost complete dependence

on penguin populations. During the

breeding season the skua's food con-

sists mostly of penguin eggs, chicks,
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Mates greet each other whenever the

incubating bird is rebeved at the nest.

and dead adults. It also eats food

dropped as the penguins feed their

young on euphausiid shrimp and oc-

casional small fish. Fish remains are,

found at some skua nests, and rarely,;

remains of Snow Petrels or Wilson's

Petrels {Oceanites oceanicus)

.

Early in the breeding season, before

the penguins have laid their eggs, the]

skua's food supply is extremely low.i

This may be, in fact, the most critical!

period of its breeding cycle. Its foodi

at this time consists of whatever it can;

scavenge: the placentae of Weddell

seals (Leptonychotes weddelli) , which

pup on the ice about the edge of Ant

arctica in October; a few adult pen-

guins that die; and debris (consisting

of penguin carcasses from previous

years ) , which is exposed as the snoA<

melts. Skuas have a large supply oj

body fat when they arrive at the col

ony, and it is possible that they depenc

to a larsre extent on their fat rei



Adults sit closely on eggs to protect

them from skuas and the extreme cold.

;erves to sustain them in this period.

Skuas prey on penguin eggs during

he egg-laying and incubation period,

3ut the penguins cover their nests

;losely and the eggs are relatively un-

ivailable. Penguin chicks are similarly

mavailable until they begin to move

iway from their parents and form

;reches. But as the summer advances

md the penguin chicks become acces-

sible, the skua food supply increases.

irhey also feed on the carcasses of dead

•hicks and take any weak and under-

lourished young. In a typical summer

hese food sources are always present

hrough the latter part of the season,

md late in some seasons the supply

I
nay be superabundant when severe

storms kill many chicks. Uneaten,

nummified chicks on the ground sug-

gest that this situation may occur.

The skua's food supply does not

tippear to have a short period of peak

ibundance. Instead, it seems either to

t .:•.;*

Penguins nest on the ridgetops, left,

to avoid depressions flooded by water.

-v.'Ks.yas^^'^'!-

Skua and Adelie predator—prey studies

were made on Antarctica's Cape Hallett.
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Arriving at breeding grounds earlier

than skuas, Adelies lay their eggs first.

The penguins begin hatching in late

November; skuas in mid-December.
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iter penguin eggs, thus providing

ikuas with an augmented food supply

vhen they begin feeding their chicks.

The breeding schedule of the Ade-

ie Penguin is probably adjusted to

problems connected with its own food

lupply and the growth rate of chicks,

ind does not necessarily respond to

ikua predation. But several features

of penguin behavior probably evolved,

at least partly, as an adjustment to

predation. For example, the habit of

nesting in colonies in which individual

territories are seldom more than a

yard in diameter offers strong protec-

tion against skua depredations. Also,

penguins sit closely on their eggs, pro-

tecting them from the skuas, from the

When chicks are half-grown, they begin

huddling into creches for protection.

extreme climate, and from the hasty

feet of other penguins. Their high de-

gree of attentiveness when brooding

and feeding the young chicks serves

similar functions. Association of half-

grown young penguins in creches, after

the adults stop brooding them, is prob-

ably also a means of defense. Chicks

that leave the creche are often attacked

by skuas, but if such chicks are able to

get back to the creche, they are usually

safe from predation.

Penguins recognize skuas as "ene-

mies," and adults show hostility by
running or lunging at the skuas that

walk near the edge of colonies or fly

low overhead. Single adult penguins

or groups that encounter a skua when
away from the colony will frequently

chase it, and if the skua is incubating,

they will drive it from the nest and
harass it as it tries to return. I did

not see penguins destroy skua eggs

in these encounters, but they seemed
interested and peered intently at them.

One wonders if perhaps a penguin be-

havioral mechanism insuring that they

avoid other penguins' eggs causes

them to avoid skua eggs as well.

THE crowds of skuas that gathered

about any bait I put out to trap

them indicate clearly that food was

generally in short supply in the 1960-

61 season. But another aspect of skua

behavior suggests that the food supply

is frequently critical when the chicks

are growing. It has been noted by

many observers that skuas seldom

raise both chicks. Young skuas hatch

a day or two apart, and the younger

chick frequently disappears from the

nest within three days of hatching. As

I checked the skua nests daily, it soon

became obvious that the younger
chicks were being driven from the nest

by their older siblings. Orphan young

occasionally could be found on their

parents' territories some distance from

the nests, while the adults brooded and

defended only the older chick. (Skua

territories usually measure five to ten

yards across.) Chicks would some-

times wander onto the territory of

another pair and be adopted. In one

instance I observed that a chick was

Skua carries off penguin egg—perhaps
one abandoned because of infertility.

47



adopted by a pair that had two eggs

of its own. A few days later there was

only the one chick in the nest. The

adopted chick had apparently driven

its foster siblings from the nest as they

hatched. Loss of the second chick does

not always occur, and thirteen pairs

in 1960-61 raised both young. In in-

stances in which more than one young

was raised, the chicks sat side by side

on the territory without hostility.

THE sibling hostility described

above has also been noted by the

New Zealand biologist E. C. Young.

He ascribes the aggressive behavior

of the chick toward its sibling to food

shortage. I have some evidence, on the

other hand, that it may be an inherited

behavioral mechanism. Two skua

eggs, already pipped, were brought

into the field laboratory on December

14 and 16, 1960, respectively. The

chicks were hatched separately, and

when the younger chick was two days

old and the other four days old, they

were both put in a small box. As soon

as they were together, the older one

(named Modoc) reared back on its

wobbly legs, raised its head, uttered a

gutteral call, and lunged at the younger

chick (named Gretchen, although

autopsy later revealed it to be a male)

,

which did not defend itself but at-

tempted to flee. Three things should be

noted: (1) neither chick had ever seen

another skua before; (2) both chicks

were well fed; and (3) only one of the

chicks was aggressive.

We continued these experiments as

the chicks grew older and found that

the results were always the same. Mo-

doc would rear up, utter his challenge

call, and run at Gretchen as soon as

the younger chick was in sight. Gret-

chen was never aggressive in turn, but

always fled at the first sight of Modoc.

When Modoc caught Gretchen, he

pecked violently at his head, and from

the first encounter it appeared that

Gretchen eventually would have been

killed or driven away if we had not

separated them. Although both lived

for five weeks, they could never be

kept in the same cage.

The problem should be investigated

Skuas generally take eggs to their

own territories before eating. They
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nest near the penguins, on whom they

are primarily dependent for survival.

further. If, as this observation sug

gests, aggression between chicks is an

inherited mechanism that is not trig-'liil

gered by food shortages, the questionj

arises as to why it is not manifested

in all of the chicks. And, if some chicks

show the response and some do not, as

these observations suggest, and assumi

ing that the mechanism contributes tQ

the survival of the species, how is the;

balance maintained between those

chicks that show the response anc

those that do not? Perhaps the fooq

shortages are so irregular that th(

adaptation is not complete.

Let us now attempt to determine tht

numher of penguin eggs and chicks

that skuas actuafly take. When a sku£

takes an egg, it will either fly to a clear

area in the penguin rookery or to iti

nesting territory to eat the contents

Penguin eggshells are conspicuous

and we were able to record 1,889 ir

the penguin colony and skua territo

ries in 1960-61. We stepped on eacl

shell as it was counted so it would no

be counted twice. Several people co

operated in the computation, am
among us we traversed the entire pen

guin colony and visited the skua nest

daily or every second day, so I be

lieve the count was nearly complete

While 2,000 eggs might seem a grea

amount, an estimated penguin popula

tion of 60,000 pairs would produc

approximately 120,000 eggs. Thus, th



Imost 2,000 eggs taken by skuas are

2SS than 2 per cent of the total. Even

dth a doubled count, only about 31/2

ler cent of the total number of eggs

vould be taken by skuas.

There is another point to be con-

idered. Our records for the 120 skua

lests visited regularly show, within a

lay or two, when 629 of the penguin

ggs were taken. Averaging the num-
ler of eggs found at these nests at

our-day intervals, we discovered

heir distribution to be a bimodal

:urve (see graph, page 46). The first

)eak in the curve, in middle Novem-
ler, may result from loss of eggs by

hose penguins that were not moti-

vated to protect them closely. The

econd major predation peak came in

ate December and early January—
ilthough penguin chicks began hatch-

ng on December 5, and continued

o hatch for the next ten days to two

ATeeks. If we add up only the eggs

'ound on skua territories after Decem-

aer 23, when most penguin chicks had
latched, there were 323 eggs, or 51

3er cent of the total eggs counted.

5ome penguin eggs do not hatch be-

cause they are infertile, or because

:he embryo is killed by exposure to

;old or by damage to the egg. These

ire incubated, but if one or both of a

;lutch fails to hatch, they are even-

;ually pushed from the nest. It is not

uncommon to see penguins brooding

a chick, with a rejected egg nearby.

The above data suggest that half of

the eggs taken by skuas are such re-

jected eggs—accounting for the sec-

ond peak in the curve. Thus, in assess-

ing the impact on the penguin colony

of egg predation by skuas we must
conclude that only about one per cent

of the viable eggs are lost in this way.

THE number of penguin chicks

taken by skuas is more difficult

to measure. Direct counts are not

possible. We can estimate the nmnber,

With a characteristic display, skuas

announce their claims to a territory.

however, by using the information on

food consumption that we obtained

from raising young skuas in the lab-

oratory, and by counting the penguin

chick remains that we found near skua

nests located in the penguin colony.

We fed the laboratory skuas on pen-

guin chicks, and recorded the weight

of the skuas and the weight of the food

they consumed daily. At the same time,

we confined thirteen young skuas at

nine nests by erecting fences one foot

high and ten feet in diameter around

them. The adults could thus feed the

chicks normally, and I weighed them

daily or every other day to determine

the growth rate of these wild young.

One of the skuas raised in the labora-

tory had a weight curve that was the

same as the mean curve of the thir-

teen fenced birds, and we used the

amount of food eaten by this chick

to estimate the number of young pen-

guins taken by the skua population.

This chick lived for 35 days, at

which time it had essentially ceased

gaining weight and was apparently

full-sized. Up to that time it had eaten

22.2 pounds of penguin. In the last

eight days of its life, when it weighed

between 2 and 2.5 pounds, the chick

ate little more than a pound of food

a day. Since the chick was almost full-

grown at this time, we will assume

that an adult skua eats only slightly

more, or some 1.1 pounds per day.

Only about 75 per cent of a penguin

chick is edible to a skua, so to deter-

FooD SUPPLY is often low when skuas

are hatching. When the parent broods

only one chick, it is possible that the

chick drove a sibling from the nest.
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mine the actual weight of its prey we

must assume that the weight of the

food consumed represents 75 per cent

of the total weight of the chicks killed

or found dead. In the laboratory we

fed the chicks only the edible penguin

parts—the chick meat and stomach

contents. In nature, therefore, the

skua's prey actually weighs 25 per

cent more, including both edible and

inedible parts. The figures are, then, 30

pounds of prey killed per skua chick

while it is growing, and some 1.4

pounds per day killed thereafter un-

til it leaves the nesting ground. From
these data we calculate that a pair of

skuas that raises two chicks success-

fully will kill 386 pounds of penguin

chicks, or an average of just over 5

pounds per day for 75 days.

Penguin chicks weigh about 3

ounces when hatched and about 8

pounds when grown. If we assume that

the average weight of the chicks taken

by skuas is 2.2 to 3.3 pounds, then a

skua family with two young takes be-

tween 115 and 175 penguin chicks in

the season, or between one and two

chicks per day.

THERE is further evidence to con-

firm this estimate. I have already

mentioned that a few pairs of skuas

nested in open spaces within the pen-

guin colony rather than in the main

skua colony. These pairs defended a

considerably larger territory than

those in the skua colony, and could

drag their prey to the nest site. I sus-

pected that the penguin chick remains

found near these nests were probably

exclusively the prey of the skua pairs

involved, and could be used to estimate

the number eaten by any one pair.

Four such nests yielded an average of

53 penguin chicks in approximately

45 days, or 1.3 chicks per day.

If all the 181 pairs of skuas nesting

at Cape Hallett in 1960-61 were suc-

cessful in raising two chicks, skuas

would remove a maximum of 230 pen-

guin chicks per day, or 17,250 per

season, from the Adelie colony. Repro-

ductive success is, in fact, usually

much lower. In 1960-61 only 13 pairs

raised both chicks successfully, while

approximately 90 pairs raised one

chick. Success for the skua population

was thus between 30 and 35 per cent.

An estimate of 10,000 penguin

chicks taken seems reasonable on the

basis of the information we now have.

This is 8 per cent of the potential of

120,000 penguin eggs. If we again

SO

assume that these figures are low and

double them, predation would still ac-

count for only 16 per cent of penguin

reproduction. Thus, predation impact

on penguin eggs and chicks appears

to be between 10 and 20 per cent.

At the heart of much debate over

predation is the question of whether

the predator takes prey at random or

selectively, exerting a long-term effect

on the prey population. Most students

of predation believe that predators are

selective and that the selective effect

is beneficial, but proof of this is dif-

ficult to obtain.

In discussing the breeding of the

Adelie Penguin I pointed out that the

two eggs are laid two to three days

apart, and when the second chick

hatches, its sibling is already two or

three days old. Frequently the second

chick never overcomes this disadvan-

tage. The older chick begs most of the

food and grows faster, and the size

discrepancy increases. When the pen-

guin chicks gather into creches, these

starvelings can be picked out by their

small size, their hunched postures, and

by their out-of-proportion flippers and

feet, which apparently grow at a near-

normal rate to the detriment of the

rest of the body. The exact propor-

tion of dwarfed chicks in the skua prey

is not known, but it is possible that un-

derfed chicks that cannot defend them-

selves adequately make up a large part

of the skua's prey. Many observers

note that a chick that "stands up" to a

skua will usually not be taken.

There are some other indications

that the starvelings may be selected.

The mean number of penguin chicks

taken per day at the four skua nests

studied in the penguin colony shows

a peak early in the season, possibly in-

dicating a greater number taken when
the chicks are small, and a second peak

in early January {see graph, page 46)

.

This latter peak occurs at the time

when the penguin young begin to form

creches, and I presume it reflects the

access the skuas then have to chick

carcasses and to starvelings that had

formerly been protected by adults.

Dwarfed chicks do not account for

all of the skua's prey, however. In

the period when adult penguins are in-

cubating or still brooding their chicks,

Penguins gather in groups to protect

themselves in a storm. An estimated

60,000 pairs breed on Cape Hallett.

the skua must count on taking the eggJ
or young of unwary adults. Sometimes!^

two skuas will co-operate: one luresi

a penguin from its nest while the

other rushes in and snatches the chicl'

or egg. Some observers have shown
that penguins nesting at the edge o:

colonies or in small groups apart fron

the main colony are most vulnerable

to such attacks by skuas.

ALL the evidence we have discusseci

suggests that the skua populatioil

does not have a serious impact on the,

penguin population. Most of the eggs.
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r chicks taken are those that have

een discarded or weakened because

f a penguin food shortage, which,

ven in the absence of the skua, would

i
ause penguin mortality. There are,

owever, certain situations in which

redators hold down the level of prey

-as with muskrats and minks—by pre-

; anting the prey species from occupy-

I ig some habitat because of predation.

lut that does not seem to apply here,

xcept, possibly, for a few peripheral

lidges formerly occupied by penguins.

'hese peripheral groups are most sus-

eptible to skua predation, and we can

conclude either that the skuas prevent

the permanent colonization of such

mounds or that the penguin population

undergoes long-term fluctuations for

other reasons. If the former were true,

I would expect that there would be

continued attempts to colonize the

peripheral mounds, but I witnessed no

such attempts at Cape Hallett in 1960-

61, and saw no evidence that there had

been any recent colonization.

Almost nothing is known about the

relationship of skuas and penguins in

the winter months. The inability of

skuas to prey successfully upon adult

penguins in the breeding ground,

however, suggests that their influence

on the penguin population is restricted

to the breeding season. And at that

time, as we have seen, there seems to

be no evidence that skuas significantly

affect the numbers of penguins by
their predation on discarded eggs and

weak chicks. Instead, all the evidence

points to the conclusion that skuas

have a difficult time preying on pen-

guins. Adelies have evolved effective

behavioral means of thwarting skua

predation, and by so doing severely

limit the Antarctic skua population.
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SKY
REPORTER

Flight of Mariner II changes

theories about planet Venus

By Thomas D. Nicholson

A
few nights before Christmas, on December 21, 1965,

Venus reached greatest brilliancy as an evening

object during its present cycle of configurations. Less than

two weeks later, on January 3, 1966, the planet becomes

stationary in right ascension and begins to approach the

sun swiftly. By the middle of January, it will be difficult

to see Venus at all in the evening sky, even though it will

still be bright. On January 26, the planet passes through

inferior conjunction, coming between earth and sun, and

enters the morning sky. From mid-February through the

balance of the winter and into the spring and summer,

the planet will go through its configurations as a morning

star, and will be seen coming up in the east before sunrise.

Venus is always a little disappointing as an evening star

when it passes through its brightest evening phases in late

autumn and early winter, as it did last year. Although the

planet becomes just as bright as ever and may move as

far east of the sun as ever, its position in relation to the

sun keeps it low in the sunset sky and causes it to set rela-

tively soon after the sun goes down. Observing conditions

are even less favorable when Venus is, at the same time,

in the part of its orbit south of the ecliptic—where the

plane of the earth's orbit extends out into space. Until

about mid-December last year, Venus was relatively un-

noticed in the evening sky. After that, it came into more
prominence in the early evening sky, but it had, by then,

only about another month left before it began disappearing

into the glow of the sun.

As an example of how the position of Venus affected

its role as an evening star during fall and winter, 1965/66,

consider how it appeared in November as compared to

early January. On November 15, 1965, it was at greatest

easterly elongation, 47 degrees to the east of the sun, and

should then have been in its most favorable position in

the evening sky. Actually, at sunset on that day, Venus

was only about 20 degrees high in the southwestern sky,

and it set less than three hours after sunset. On January

1, 1966, on the other hand, Venus is much closer to the

sun—34 degrees to the east; on the evening of January 1,

it is nearly 25 degrees high in the southwest at sunset,

and it remains in the sky for approximately the same

length of time as it did on the night of November 15. And,

incidentally, it is also brighter.

This past decade has produced some important, and at

the same time startling, information concerning Venus,

primarily by radio studies and by radar, from observa-

tories on earth and in space. Venus was not the first planet

to be detected by radio techniques. That honor went to
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Venus changes from a gibbous phase to a narrow crescent.

Jupiter, when, in 1955, two young radio astronomers, Drs.

B. F. Burke and K. L. Franklin, working at the Carnegie

Institution in Washington, D.C., accidentally discovered

intense bursts of radio energy emitted from Jupiter. This

set off a wave of interest among other astronomers, who
began to search for evidence of radio emission from the

other planets, and Venus, because it comes so close to

earth, was a prime subject for investigation. As a result,

Venus became the first planet to have its temperature meas-

ured by means of radio observations.

The radio energy from Venus is known as "thermal radi-

ation." Every object with a temperature above absolute

zero radiates some energy at all wavelengths in the electro-

magnetic spectrum, but the distribution of this thermal

radiation across the spectrum depends on the temperature

of the object. A hot object radiates more energy at all wave-

lengths than a cool object, and objects at higher temper-

atures radiate more of their energy at shorter wavelengths. ji

Objects as hot as the sun, for example, radiate most of their

thermal energy at the wavelengths of visible light, whereas

objects as hot as the planets radiate most of their energy

at wavelengths much longer than light, in the infrared and

radio portions of the spectrum. It is possible, by suitable

application of the laws of radiation, to determine the tem^

perature of an object from observations of the energy it

radiates, but care must be taken to measure only the radiat-

ing energy itself and not the energy that may only be re-

flected from some other source.

Most of the energy we receive from Venus is reflected!

sunlight, and so tells us nothing about the planet's temper-,:

ature. The planet does radiate some light, but so little in

relation to the reflected sunlight that it could not be meas-

ured. In the infrared and radio portions of the spectrum,

which have wavelengths longer than light, solar energy

falls off rapidly and is absorbed by the planet more com
pletely, while the amount of energy radiated by the planet

increases. Before the development of radio astronomy, op

tical astronomers had succeeded in measuring the infrared

energy radiated by Venus. The results indicated a temperJ

ature of about —40 degrees F., undoubtedly the temperature

at some level in the Venus atmosphere above the cloud^:

where, as is the case on earth, it is considerably cooler

than it would be at the surface of the planet. It was felt tha

the surface temperature should be much higher—about 21

degrees F., based on Venus' distance from the sun.

The use of radio telescopes to measure the temperatur

of the Venus surface was promising, since short-wave radi



pnergy, unlike infrared radiation, should penetrate the

planet's cloudy atmosphere. When the Naval Research
(laboratory astronomers measured the radio energy in 1956
it a wavelength of 3.15 centimeters, the result was sur-

jrising. It indicated that the temperature at or near Venus'

surface, from which the radio energy was presumed to

)riginate, was about 630 degrees F., far in excess of what
lad been expected. Some astronomers were reluctant to

iccept this seemingly improbable figure. They suggested

hat the detected radio energy might not be thermal radi-

ttion, but might instead be produced by the Venus atmos-

ahere, perhaps in an atmospheric region where charged
)articles were emitting radio energy. This theory ran into

ierious difficulty when other astronomers observed the

•adio brightness of Venus over a range of wavelengths
rom less than one centimeter to more than 40 centimeters,

md the data pointed to a high surface temperature.

Radio observations of Venus at wavelengths of less than
me centimeter were made from the spacecraft Mariner II

vhen it passed within 22,000 miles of the planet on Decem-
)er 14, 1962. Aside from measuring the intensity of the

adiation—which confirmed the high temperatures observed
it other frequencies from earth—the Mariner II experiment
ought to determine how the intensity varied across the disk

)f Venus. If the radiation were coming from an atmos-

pheric layer—such as an ionosphere—surrounding Venus,
the intensity of the energy observed should be highest at

the edges of the planet, and signals should reach the Mari-
ner antenna from a thick layer of atmosphere. If the radi-
ation were coming from the surface of Venus, however, the
strongest signals should come from the center of the planet,
where the atmosphere along the antenna line was thinnest.
The records showed that without doubt the radiation was
brightest in the center of the planet, indicating that the
measured radio energy could not originate in a high atmos-
pheric layer, but rather came from the planet's surface.

Both infrared and radio observations have shed some
light on the perplexing problem of Venus' rotation. Since
we cannot see permanent markings on Venus, its rotation
cannot be observed directly, nor can the effect of its rota-
tion be observed in the spectrum of the planet (in the Dop-
pler shift in the light from the edges of the planet as it

rotates toward and away from the earth ) . Infrared observa-
tions show little difference between the temperature of the
sunlit and dark portions of the planet, however, suggesting
that it must rotate fast enough—perhaps once in several
weeks or a month—to maintain a nearly constant temper-
ature in the upper atmosphere. There is some evidence that

View of the Millstone Hill radar observatory at Westford,
Mass., shows 84-foot antenna that made contact with Venus.



the radio temperature o± the planet—presumably that of its

surface—fluctuates about 250 degrees F., from the bright

(daytime) to the dark (nighttime) hemisphere. This would

be consistent, again, with a rotation period of several weeks

to a month, but not with a long period of rotation; if rota-

tion and revolution were synchronous, the nighttime side

should cool much more than the temperature drop indi-

cated. There must be some mechanism that transfers heat

from the bright, sunlit side of Venus to the dark side, and

the simplest mechanism to suggest is the rotation of the

planet. Of course, the infrared and radio observations

could be consistent with rotation periods over a wide range.

The only thing such observations tell us clearly is that

Venus does not keep one side toward the sun all the time.

We know from other evidence (the absence of rotational

Doppler shifts in the optical spectrum) that the planet

cannot rotate as rapidly as the earth.

Radar observations from earth have given us addi-

tional evidence concerning the Venus rotation period. The

earliest radar contact with the planet was achieved in 1958

by the Millstone Hill radar observatory, near Westford,

Massachusetts, but the returning echoes were identified

only after several months of carefully processing the rec-

ords of the receiving antenna. In 1961. however, successful

radar contact was made again at Millstone Hill, and also

by two other American groups and by British and Russian

teams. In these observations there was no doubt concern-

ing the identification of the returning echoes, which were

observed directly in the output from the receiving an-

tennae. In the radar observations, as opposed to those

made by radio, signals are beamed from earth in the direc-

tion of Venus, and the returning echoes are received

after several minutes. The characteristics of the transmitted

signal are known. Careful examination of the returned ech

can provide information concerning the nature of the r

fleeting surface and how it may be moving. Radio wave

for example, reflect differently from a smooth and a roug

surface, and they are a more sensitive indicator of tl

Doppler shift produced by a planet's rotation than is ligh

Thus far, radar observations indicate that Venus has

surface that is not as rough, for example, as that of tl

moon. Different investigators have reached somewhat di

ferent conclusions concerning the rotation period indicate

by radar, but all agree that the planet rotates slowly, wit

a period of a month or more. Some of the results show

rotation period of 225 days—equal to the planet's peric

of revolution—or longer, and it is now understood th

Venus is actually turning slowly westward, rather ths

eastward, as are the rest of the planets.

Perhaps the most valuable contribution to astronon

from radar observations of Venus, however, is the ace

racy with which they permit the distance to the planet

be determined—calculated by the time elapsed betwee

transmitted and returned signals. From this, in tur

astronomers can compute the length of the astronomic

unit (mean distance from earth to sun, a fundamental un

in our scale of the universe) more accurately than by ar

other means. The best optical measures of the astronomic

unit are correct to within about 10,500 miles, but the radi

measurements are correct to within about 250 miles.

With respect to Venus, however, radio and radar obse

vations have provided us with a good deal of interestir

data, but these data have not always been consistent wil

other things we know about the planet. We still cannot S£

whether, beneath the shroud that hides its surface, Ven)

is a hot, dry, desert world or, instead, a steaming jungl

VENUS

Scanner on Mariner II was moved up and down as the

craft's motion, passing Venus, swept the antenna right to left.

HOT-SURFACE MODEL

Theories of Venus' temperatures are shown in atmosphei

and surface models. Mariner II confirmed the latter theoi^
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MAGNITUDE SCALE

^'1—0.1 and brighter

0.0 to +0.9

-tf +1.0 to +1.9

* +2.0 to +2.9

+ +3.0 to +3.9
• +4.0 and fainter

I Full Moon January 7, 12:16 a.m., EST
1 Last Quarter January 13, 3:00 p.m., EST
New Moon January 21, 10:46 a.m., EST

i First Quarter January 29, 2:48 p.m., EST

'SOOTH
TIMETABLE

January 1 10:30 p.m.

January 15 9:30 p.m.

January 31 8:30 p.m.

{Local Mean Time)

January 3: Today the earth is at perihelion (the point near-^

I est the sun) in Its orbit. The distance between earth and sun

I is about 91,345,000 miles.

Venus is stationary in right ascension and begins to move
1 in a retrograde direction. Still a bright evening star (magnitude

I —4.2), it is now approaching the sun rapidly and will set pro-

I gressively earlier each day.

January 5: Jupiter and the nearly full moon appear close

to each other in the eastern sky after sunset. Conjunction of

Jupiter and the moon occurs at about noon, EST. By 7:00

i P.M. the moon and Jupiter will be above the horizon, Jupiter

i
to the west (right and upward) of the moon.

January 7: Perhaps the last opportunity in some time to see

Mars easily will occur tonight; the planet will be so close to

Venus that the latter may be used as a guide. An hour and a

I

half after sunset Mars, about magnitude +1.4, will appear as

j a reddish star in the southwest to the left of Venus.

I
January 24-25: Saturn is near the waxing crescent moon in

I
the western sky during the early evening. On the 24th, Saturn

is above and to the left of the crescent moon as the two draw

closer each hour. Conjunction is at midnight, EST, on the 24th.

On the 25th, the moon is to the left and above Saturn.

January 26: Venus passes between the earth and the sun at

inferior conjunction and becomes a morning star, but will not

be easily visible before dawn for several weeks.

All Month: Except for the first few days of the month, Mer-

cury remains a poor morning star. It is too close to the sun to

be found easily. Until midmonth, Venus gradually relinquishes

her domination of the evening sky and in early February joins

Mercury to become the morning star. Mars may be seen near

Venus, but lower and much fainter. Saturn, about magnitude

+ 1.2, appears nearby in the southwest after sunset and sets

before midnight.

Between the bright stars of Gemini and Orion, Jupiter is

the brightest object in the eastern sky during early evening

this month. At magnitude —2.3, Jupiter outshines Sirius, the

brightest of all the winter stars. It moves slowly into the

western sky and remains visible throughout most of the night.
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rhe Lewis and Clark Expedition s

Botanical Discoveries

Leaves of the Oregon grape, Berberis aquifolium, at left,

were gathered near Columbia River rapids in 1806.

Century-old print depicts Lewis and Clark meeting with

Indians. Their journey lasted more than two years.

rhey found many western plant species never before collected

he botanical discoveries of Meri-

wether Lewis and William Clark

ave been given less attention than

ny other phase of the explorers' ac-

omplishments. Possibly this is be-

ause plants are thought to be less

ppealing and spectacular than ani-

lals, and also because the hardships

nd adventures of these men make
lore exciting reading than do descrip-

ve accounts of vegetation. However,

homas Jefferson, who promoted and

lanned the expedition, had more in

lind than finding a practicable route

• the mouth of the Columbia River

id enhancing the United States' claim

) the Oregon Territory.

As soon as Congress had approved

By R.D. BURROUGHS

the enterprise in 1803, Captain Meri-

wether Lewis, Jefferson's private secre-

tary, was appointed expedition leader.

But to assure competent leadership in

case Lewis was killed or incapacitated

during the journey. Second Lieutenant

William Clark, who had served with

Lewis under General Anthony Wayne,

was selected as coleader and was prom-

ised equal military rank. Although

Clark had withdrawn from active duty

in the Corps of Engineers, he accepted

the appointment. The Army refused

to grant him a captain's commission,

but Lewis always referred to him as

Captain Clark, and none of the men
who served under them knew that they

were not both captains. Clark, a

skilled surveyor and cartographer,

was responsible for surveying and
mapping the course of the expedition.

Lewis served as chief naturalist be-

cause he had spent a few months at

the University of Pennsylvania study-

ing geology, mineralogy, and botany.

However, both Lewis and Clark were

experienced wilderness travelers with

a practical knowledge of the botany

and zoology of the Atlantic states and
the Ohio Valley.

In a letter of instructions, dated

June 20, 1803, President Jefferson

clearly defined Lewis' responsibilities

and outlined the objectives of the ex-

pedition, which was to be called the

Corps of Discovery. He emphasized
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About the buffalo berry, Shepherdia argentea,

Lewis wrote: "it has much the flavor of the cranbury.'

Twig of an evergreen huckleberry, Vaccinium

ovatum, was collected near Fort Clatsop, January, 1806.

the necessity of dealing peaceably

with the Indians and keeping detailed,

accurate records. He ordered Lewis and

Clark to survey and map the course

of their route to the headwaters of the

Missouri, across the Continental Di-

vide, thence to the mouth of the Co-

lumbia River; to note the soil, topog-

raphy, and mineral resources of the

country; to keep records of tempera-

ture, the proportion of rainy and clear

days, the amount of precipitation in

the form of rain and snow, prevailing

winds, and length of the frost-free

season ; to study the ethnology of the

Indian tribes encountered, including

their locations, principal chiefs, pop-

ulations, dress, manners, health, lan-

guage, traditional enemies, economic

status, and trade potential; and, final-

ly, to study and collect as many ani-

mals and plants as possible, not wast-

ing time on those species already

known east of the Mississippi.

few explorers have undertaken a

larger task or achieved greater

success in carrying it out. Their sur-

vey notes were meticulously recorded,

and their maps of the areas explored

were the best available for fifty years.

Their notes on the customs and con-

dition of the western Indians were

voluminous, and their descriptions of

the animals and plants they observed
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and collected were far more accurate

than might have been expected, con-

sidering that neither was a profession-

al or experienced naturalist.

Some of the plants that Lewis and

Clark described in their diaries or

mentioned having collected were dam-

aged or lost for lack of adequate means

of preserving and transporting them

across the continent. Those collected

on the outward journey, between Fort

Mandan and the Pacific coast, were

packaged and cached underground

along with animal and bird skins and

other objects that were too bulky to

carry farther. But when the caches

were opened on the return trip, prac-

tically all the specimens were found to

have been ruined by moisture. Thus

only those that had been shipped to

the President from Fort Mandan and

those collected either at Fort Clatsop,

near Astoria, Oregon, or on the return

j ourney were brought safely out of the

wilderness. These consisted of about

200 pressed plants.

Jefferson, after examining the

plants, entrusted the collection to the

American Philosophical Society for

study by the eminent Dr. Benjamin

S. Barton of the University of Penn-

sylvania. The professor did not pub-

lish the results of his research, how-

ever, and the herbarium specimens

were made available to Frederick

Pursh, a European-born-and-educatec

botanist who was in Philadelphi;

working on the flora of North Amer
ica. Pursh examined 155 of the speci

mens and found that the majority wer

entirely unknown to science. Amoni
them he classified four new genera an(

123 new species, and his technical de

scriptions appeared in his Flora Amei
icae Septentrionalis in 1814.

When Pursh returned to Europe i'

1811, he took along many of the mof

interesting specimens, presumably fo

further study under the direction

Sir A. B. Lambert, vice-president

the Linnaean Society of London. Bi

after completing his work, Pursh nej

lected to send the specimens back

Philadelphia, and they became part c

the collection of the Lambert Herba:

ium of the British Museum. Howeve
more than thirty years later, in 184;

they were purchased at public auctio

by Edward Tuckerman, an America

botanist, who presented them to tl

Academy of Natural Sciences of Phi

adelphia in 1856.

The history of the collection durir
"'

the next forty-five years is obscur

It seems that those purchased by Tuc

erman remained at the Academy, ar

those that had been left at the Amei
can Philosophical Society were bu:

died up, stored away, and forgotte

They were not resurrected until 189

ftii

k

lit
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talk of blue flax, Linum lewisii, is

ie of the 188 preserved plants.

hen the building occupied by the

hilosophical Society was renovated,

ortunately, at that time the botanist

homas Meehan searched for the

ewis and Clark collection among the

dds and ends of supposedly worthless

laterials tucked away in old cabinets

ad cubbyholes. He found it, among
|)me dusty bundles of pressed plants,

ome of the specimens had been dam-

ped by insects, but most of them were

fair condition. All but fifteen of the

55 plants examined by Pursh were

^counted for in this group, and could

s positively identified because they

Jre labels in his handwriting.

After examining the plants himself,

leehan had his classifications verified

Camas V^ BL^ICKFEET
PrairiArJS-

LEWIS' RETURN
-I L ^^

6

^
y}\, RETURN
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ewis &^ (^ lark expedition

Returned to

St. Louis

\ ^-)^ September 23, 1S06

St. Louis _

v."'"""'
I

LejtWo^ River
_! MayH.ISO-t

Throughout expedition the explorers

recorded the country's topography,

at the Gray Herbarium at Harvard,

and then placed the specimens in the

herbarium of the Academy of Natural

Sciences. Thus the collection—a total

of 188 specimens—was once again con-

solidated at the Academy, where it is

now carefully preserved and is avail-

able for examination by qualified bot-

anists. (The photographs on these

pages are a selection of the plants.)

the plants in the existing group, as

important as they are historically,

do not actually represent the scope or

diversity of the explorers' botanical

observations. Jefferson had specifical-

ly requested that Lewis take note of

the "vegetable productions" of the

land, the dates on which various plants

put forth their flowers, the quantity

and distribution of vegetation, and

the kinds of wild or cultivated plants

that provided food for the Indians.

Evidently Lewis made a conscientious

attempt to record as much of such in-

formation as circumstances permitted.

Considering the difficulties of travel

and the problems of survival that the

expedition surmounted almost daily,

it is hard to imagine how they found

time to write so many descriptions.

One must read their diaries to gauge

their true stature.

In popular accounts of the expedi-

tion, Sacajawea, the Shoshone squaw

of a French Canadian interpreter and

cook who accompanied them from

Fort Mandan westward, is often cred-

ited with collecting certain roots in

sufficient quantity to save the party

from starvation; it is true that she did

collect roots, including those of an

umbelliferous plant the Indians called

"cous" {Lomatium cous) , when little

else was available. In this connection

Lewis wrote in his diary on May 21,

1806: "we would make the men collect

animals, plants, minerals, and

the locations and habits of Indians.

these roots themselves but there are

several species of hemlock which are

so much like the cous that we are

afraid they may poison themselves."

The truth is that most of the roots

consumed by the expedition were pur-

chased from the Indians. When, on

the return journey, Lewis and Clark

ran out of blue and white beads and

other trade goods while encamped on

the Clearwater River, Clark exchanged

his medical services for such food

items as horses, dogs, dried salmon,

and roots. They were fully aware that

any information obtained concerning

the native plants eaten by the Indians

would be important to subsequent

travelers, and they devoted consider-

able space in their diaries to descrip-

tions of such plants and how they

were cooked or preserved.

The Sioux and Blackfeet Indians of

the Dakotas and Montana were not

ordinarily as dependent upon wild

food plants as the Indians of the Co-

lumbia River Basin. Vast herds of

bison and other game species fulfilled

their basic needs for food and cloth-

ing. But they did supplement their diet

with roots, seeds, and fruits. Lewis

and Clark were particularly impressed

with a leguminous plant called pomme
blanche by the French Canadians in

their party. Pursh subsequently clas-

sified the plant as Psoralea esculenta.

On May 8, 1805, Lewis wrote a de-

tailed description of this plant, includ-

ing an account of how the Indians

used its roots in cookery. In the fresh

state the roots were either boiled with

meat or roasted over hot coals. When
dried in the sun or in smoke, they

would keep perfectly for months or

years; flour made from the dried roots

was used to thicken stews and soups.

Lewis closed his discussion by writ-

ing: "The white apple appears to me
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to be a tasteless insipid food of itself,

though I have no doubt but it is very

healthy and moderately nutritious."

The Indians of the upper Missouri

Valley made extensive use of sun-

flower seeds, first parched and then

pounded. Sometimes the resultant

flour was used in cooking gruel, but

more often grease was added to make

it the consistency of dough. Lewis said

he ate heartily of this uncooked mix-

ture and found it palatable.

In contrast to the Sioux and Black-

feet, the Mandan and Minnetaree In-

dians made little use of wild plants.

They lived in permanent villages,

some fifty miles above the present site

of Bismarck, North Dakota, and culti-

vated extensive fields of maize,

squashes, melons, and tobacco.

Lewis included a few ears of Indian

corn and some tobacco seeds among

the specimens and artifacts that were

sent to President Jefferson from Fort

Mandan in the spring of 1805. Pursh

must have planted some of these seeds

for, in his Flora Americae Septen-

trionalis, he says that the corn "ripens

earlier and produces as excellent ears

as any sort I know," and he claims

that the tobacco, Nicotiana quadrival-

vis, is excellent. Clark's appraisal of

the Mandan tobacco was, however,

somewhat less enthusiastic. He de-

scribed it as "different than any I had

seen before; it answers for smoking

but not for chewing."

after passing over the Continental

Divide, in September, 1805

Lewis and Clark found themselves in

a land of scarcity. There were no buf-

falo west of the "Shining Mountains"

(Lewis' name for the Rocky Moun-

tains), and deer and antelope were

scarce. Salmon had not yet started to

run in the tributaries of the Columbia.

While descending the western slopes

of the Bitterroot Mountains, the men

were reduced to eating horses, dogs,

coyotes, owls, and crayfish. By the

time they located a friendly band of

Nez Perce on the banks of the Clear-

water River, they were close to starva-

tion. Then, of course, they ate too

much of the dried fish and roots (prob-

ably Lomatium cous and Carum gaird-

neri) provided by the Indians, and

became violently ill. This combination

of food, which formed the staple diet

of the Shoshones and Nez Perce, al-

ways induced dysentery among the

explorers unless it was supplemented

by substantial amounts of fresh meat.

Possibly the somewhat putrid fish was

more responsible for their trouble

than the roots.

Among all the food plants used by

these Indians, camass, Camassia qim-

mash, was the most important and

widely known. There was scarcely an

explorer or pioneer who did not de-

pend on it in case of emergency. On

June 11, 1806, Lewis devoted several

paragraphs of his diary to a detailed

description of Camassia, which was

then in bloom. Camass flowers are

blue, and Lewis likened the camass

prairies to lakes of blue water. He

noted that camass grew only in open

flats and glades; that it thrived in

rich, moist soil; and that it grew most

luxuriantly where the land remained

from six to nine inches under water

until late in June, when the plants

neared maturity. In Lewis' words, the

camass "seems devoted to its particu-

lar soil and situation, and you will sel-

dom find it more than a few feet from

the inundated soil, tho' within its limits

Among the new species they discoverea

was Artemisia cana, a sagebrush.

Most of the plants, now in Philadelphia,

were described by Frederick Pursh.

it grows very closely, in short almost

as much so as the bulbs will permit."

This was followed by a lengthy de-

scription of the Indian mode of steam-

ing camass bulbs in earth-covered pits.

Upon removal from the pit, the bulbs

were either dried at once or made into

loaves and steamed again. In either

case they would keep indefinitely in

the absence of moisture. Lewis wrote
;

that camass was used in almost every

dish the Indians prepared, but that it

disagreed with him in every form.

On the other hand, the tubers of the

common arrowhead, Sagittaria lati-

folia, which was as prominent in the

diet of the Indians of the lower Co-

lumbia Valley as camass was in that^i

of the Nez Perce and Shoshones, had

no ill effects on the explorers. The ar-

rowhead tuber, which the Indians

called "wapato," grew "in great

abundance in the marshey grounds of

that butifuU and fertile valley of the|

Columbia [5fc]." Lewis and Clark ex-

changed beads and other cheap In-

dian trade goods for literally hundreds

of bushels of these tubers during the

winter of 1805/6, which they spent at

Fort Clatsop. How many bushels ofj

the roots were harvested annually byj

the Indians is unknown, but the total

must have been very large. Lewis and

Clark concluded that wapato (which:

is only one of the several spellings thati

appear in the Journals) was the prin^

cipal article of traffic between tribes!

that owned the productive valley lands!

and those that lived near the seal

coast. Harvesting wapato was squaws'|

work. Lewis was informed that th6

women would wade out in the shallow!

water, sometimes to their necks, and

work the tubers loose with their feet^

When freed, the tubers would bob to

the surface where they could be coUj

leoted and tossed into a canoe.

Lewis and Clark's botanical inter

ests did not stop with the plants thai

yielded edible roots. They were als^

interested in range plants that pro

vided forage for horses and wildlife

Concerning the western wheat grass

Agropyron smithii, which is characi

teristic of the Columbia plains, Lewis

noted that the high, semiarid plains

of the Columbia River Basin supportec

a short grass that appeared to be ai

nutritious in its dry winter conditioi

as during the summer months. Som(

of the horses that had wintered on thi

Specimen from a big-leaf maple, Aci

macrophyllum, measures 10 by 13 V

a

a

iii
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iss were "as fat as seals," in spite of

i^ing been ridden hard by the In-

( ins. An authority on western flora,

( V. Piper, later pointed out that the

1 nch grasses of the genus Agropyron

t: noted for retaining their nourish-

r nt after being cured on the ground,

i '\ that Lewis deserves credit for his

\ ;n observation.

Likewise, Lewis was alert for plants

t it might have economic worth. He
3ame interested in a variety of wild

X {Linuni lewisii) that grew in the

ssouri Valley above the Great Falls,

cause it resembled the cultivated

:iety, he thought it might "on exper-

ent yield good flax." He foresaw an

^fantage in developing this species

;ause it appeared to be a perennial

it could be harvested without injury

its roots. Whether any serious at-

apt was ever made by later botanists

or agronomists to domesticate Linum
lewisii is not known, but it appears

that if such attempts were made, they

must have been unsuccessful.

this review would be far from com-

plete if we neglected to include the

shrubs and trees. The explorers made
some notable discoveries in these cate-

gories. Frederick Pursh found among
the botanical specimens several new
species, including two kinds of sage-

brush, Artemisia cana and Artemisia

dracunculoides ; the rabbit brush,

Gutierrezia serothrae; the buffalo

berry, Shepherdia argentea; buck-

brush, Ceanothus sanguineus; the

flowering currant, Ribes sanguineum;
the purple sticky currant, Ribes vis-

cosissimum; the buffalo or Missouri

currant, Ribes aureum; the salmon
berry, Rubus spectabilis; the Oregon

grape, Berberis aquifolium; the moun-
tain holly, Berberis nervosa; salal,

Gaullheria shallon; and an evergreen

huckleberry, Vaccinium ovatum.
Some of these plants were described

in technical detail and others in gen-

eral terms. In Lewis' description of

salal, a broad-leaved, evergreen shrub,

he noted that the Indians gathered

the fruits in large quantities, dried

them, and pressed them into thick

cakes for storage.

Being practical men as well as nat-

uralists, Lewis and Clark took many
notes on the timber resources of the

West. They were careful to record the

occurrence or the absence of trees

suitable for lumber and fuel because

such information would be of ines-

timable value to travelers and traders.

They were delighted to discover the

Osage orange near the mouth of the

lift
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Kansas River, but they lost interest in

it completely when they discovered

that it was too tough to split and

that its fruit was not edible. In con-

trast, they were impressed with the

timber resources of the Rocky Moun-
tains and the coastal plains west of

the Cascades. During the winter at

Fort Clatsop, they described the prin-

cipal species of great conifers that

grew in that vicinity. The Sitka spruce,

Picea sitchensis, Lewis characterized

as "a species which grows to immense

size; very commonly 27 feet in girth

six feet above the surface of the earth,

and in several instances ... as much
as 36 feet in girth or over 12 feet in

diameter, perfectly solid and entire.

The timber is soft, white, and rives

better than any other species which we
have tried."

In similar detail he described the

western hemlock. Tsuga helerophylla;

the great white fir, Abies grandis; the

western white pine, Pinus monticola;

and the Douglas fir, Pseudotsuga taxi-

folia. Because the Douglas fir may be

generally a more familiar species than

most other western conifers, Lewis'

description of the cones of this species

should be of interest. He was first to

call attention to the characteristic,

thin, tridentate bracts that protrude

from among the cone scales. This was
twenty years before David Douglas

visited the Oregon coast and succeeded

in focusing the botanical world's at-

tention on this magnificent tree that

bears his name.

Among the broad-leaved trees that

Lewis and Clark discovered and de-

scribed, we find the Oregon maple,

Acer macrophyllum ; the Oregon crab

apple. Mains rivularis; the red alder,

Alnus rubra; the red hawthorn, Cra-

taegus Columbiana; the western dog-

wood, Cornus nuttallii; and the beauti-

ful madrona, Arbutus menziesii.

most technical descriptions of

individual botanical species

have been purposely omitted from this

review because they would hold little

interest for the average reader. It

should be pointed out, however, that

Lewis evidently had a basic knowledge

of plant structure and knew many of

the technical terms employed by botan-

ists in describing flowers, leaves,

stems, and roots. Moreover, in most

instances he employed these technical

terms with a fair degree of accuracy.

No plant was too large or too small

to hold Lewis' attention if it was

Strange to him. Included among 1(

notable discoveries are some of ti

most beautiful wildflowers that grt

in western America: Mariposa li

Calochortus elegans; death cama;,

Zygadenus elegans; glacier lily, Ei,

thronium grandiflorum; snow-on-tl

jnornilaXn. Euphorbia marginata; sci

let mallow, Sphaeralcea coccinea: ai|

balsam root, Balsamorhiza sagitta^

It is to be regretted that Lewis a:

Clark received so little scientific cre(

for their pioneer work in botany. (

the other hand, their diaries we
widely read in Europe and Ameril

following publication in 1814, and

can be assumed that the detailed i

counts of the variety, abundance, ai

distribution of plant and animal li

did attract attention and were of co

siderable value to prospective weste

travelers for several years thereafti

Certainly, Frederick Pursh did not fc

get to honor the explorers when
named the plants they had coUecte

Charles Francis Saunders, in Weste

Wildflowers and Their Stories, relati
^

the following anecdote. -^

It appears that Pursh, in examinii *

the pressed specimens that had be-

collected six years earlier, discoverii i'

that the fleshy root of one of them h

retained a degree of succulence. I

placed it in a jar of water and p
it on the window sill. Within a fo:

night it had put forth roots, leaves, an

ultimately, flowers.

Unfortunately, this delightful sto

departs from the facts. Pursh, himse -

gives us a more plausible, albt

less spectacular, statement concerni]

what actually happened. "This elega

plant would be a very desirable adc

tion to the ornamental perennij

since, if once introduced, it would

easily kept and propagated, as i

following circumstance will clear

prove. The specimen with roots tak

out of the Herbarium of M. Lew
Esq. was planted by Mr. M'Mahon
Philadelphia and vegetated for mo
than one year; but some accident ha

pening to it, I had not the pleasure

seeing it in flower."

In any case, Pursh was so mu(

impressed with this plant, the Mo
tana bitterroot, that he named it Lei

isia rediviva, meaning Lewis' pla

that lives again. And, to insure equ

honor for William Clark, he namf

one of the most arresting specimei

in the collection Clarkia pulchell

"beautiful" Clark's plant, called pir

fairies in some botanical reference
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free Ants Build a Nest
nsects link themselves together to fold large leaves into place

I NTS of many species are noted for

\ diverse and unusual traits. A case

point is the nest-building activity

the tree ants {Oecophylla smarag-

na) of southern Asia, New Guinea,

id northern Australia. While making

ological studies on a Fulbright grant

Australia, Dr. Daniel C. Wilhoft,

ssistant Professor of Zoology at Rut-

irs, observed this species and took

e accompanying photographs.

While the ants may utilize several

ives of a living tree, the construction

a nest often begins with a single

if. The manipulation of a leaf such

a scrub mahogany—measuring eight

ches long and three inches wide— is a

nsiderable feat for ants whose aver-

e length is about three-eighths of an

;h. And once shaped, the leaf must

secured in place.

To accomplish their objective, at

list a hundred ants may swarm onto

; edges of a leaf. At different points,

; ants, by holding each other with

;;ir jaws, form bridges between the

if edges, the outer member of each

ain grasping the opposing edge.

While the leaf is being held, other

ts enter an already built nest and

urn, each carrying a larva in its

[!vs. The larva is held by the middle

th its head free and pointing for-

rd, so that it may briefly touch the

ge of the leaf; then it is drawn away,

ving behind a thin, sticky fiber of

c exuded by the larva. This process

repeated from side to side along the

f edges until the silk is exhausted

d a strong web holds the edges to-

her. It is then that adjacent leaves

y be moved into position to rein-

ce the nest. They are also fastened

h the silk. While nests vary in size,

ne may be as large as a football.

iVithout a further supply of silk

h which to spin its cocoon, a larva

t has been used in nest building

st undergo its subsequent develop-

nt in a somewhat unprotected state,

e nest provides security for it, how-
T, as well as for the entire ant colony.

T at the extreme left, opposite page,
• grasped leaf of a shrub, as the other

mbers of colony stream up the stalk.

Chains of ants, above, are formed as

the insects hold each other with jaws

and pull the edges of a leaf together.

Nest, below, was constructed from one
leaf. It is secured with bands of silk,

which are furnished by the ant larvae.

4
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IStudents in the Museun
i

IBy Bessie M. Hecht

SINCE its founding in 1869, The Ameri-

can Museum of Natural History has

made many contributions to education.

While that bald statement might not

sound startling to old friends of the

Museum, curiously, many of the contri-

butions are known only to those who

have participated in them. Of course, the

formal instruction and extension ser-

vices are well known. Other specific,

equally important functions are the

specialized guidance and direction of

individual undergraduate students and

doctoral candidates by staff scientists;

the direct staff participation in the teach-

ing programs of colleges and universi-

ties; the utilization of Museum collec-

tions in such programs; the support,

maintenance, and continued enrichment

of the libraries, which are among the

largest and finest collections on natural

history in the world; and the sponsor-

ship of an extensive publication pro-

gram. In addition, students come to

the Museum to study the exhibits or to

attend the special lecture courses. StiU

others—usually informally, on their own

initiative—seek research opportunities.

Such opportunities have always been

available, but six years ago a formal pro-

gram was initiated in co-operation with

the Special Projects in Science Educa-

tion of the National Science Foundation.

Its purpose was to enable college stu-

dents to take part in the research activi-

ties of the Museum. In the past, student

participation was often a matter of

chance; this organized project permits

the Museum staff to plan in advance to

incorporate students into its research

programs. Although a student may not

be ready to carry out original investiga-

tions on his own, he can share in genuine

research experience with competent

scientists.

How the Program Operates

AT appropriate seasons, printed bro-

j
chures that list research projects

are sent to numerous colleges and uni-

versities throughout the country. When
the students apply, they can request a

specific project, but they must also in-

clude a transcript of their scholastic

standing, two letters of reference, and a

short essay describing their interests

and goals. Applications are studied care-

fully by the Program Director and the

investigators— all members of the Mu-

seum's scientific staff—and the better-

qualified candidates are invited for in-

!

K

terviews. Requirements are unquestio

ably stiff—during the past six years the

have been approximately 1,800 app

cants, of whom fewer than 10 per ce

have been selected to participate. The
academic backgrounds ranged fro

freshmen to seniors, with almost equiv

lent numbers in each class.

The program is roughly divided inj n
three sessions—the summer, the ac| jir

demic year, and the work programs. A
schedules of starting and terminatii

dates are flexible, depending on the st(
j,i]

dent's available time and the needs

the research project to which he is a

signed. During the summer program, tl

students work full time at the Museu:

for a minimum of ten weeks, or the|

project may take them to a field static ,g

or into the field itself—perhaps to tl^ ^

Southwest, to Mexico, or to the West \\ {]

dies. In the academic year prograr ^
which runs from October to May, sti

^
dents from nearby colleges and univers

ties work in the Museum for eight 1

ten hours a week. The work progra)

accommodates students from colleg(

throughout the United States that ha-^

co-operative or non-resident terms, s\lc^

as Antioch or Bennington, or are on
|

year-round schedule (as Harpur). Earj

in the operation, it was decided that st^

dents would not be permitted to partiq

pate in more than two sessions, whetht

or not they were contiguous or disparat

Thus, it was possible for an individui;

to have two summers, two academic ye;
j

programs, or one academic year and or,

summer session.

At the end of each session, studeni
|J

present their research results at sen

inars specifically arranged for their

these are attended by all the studen]

and investigators. In addition to tl

seminar presentation, each student su}

mils a written report on his work, fri

quently in the form of a paper prepare

for a scientific publication. Throug

these various experiences, students ai

given the opportunity to explore aj

phases of scientific research, from iii'

tiating a research problem to presentiE|

results to their colleagues. A number i

students have coauthored papers wil

the principal investigator.

For the summer and work progra

sessions, the students receive a stipep

of $600 ; for the academic year they r

ceive $400, part of which, in the pas

has been contributed through the Li

coin Ellsworth Foundation.



A recent five-year survey covering the

;riod through the summer of 1964

lowed that 143 students (80 men and

! women) had been selected from 61

)lleges, situated in 18 states. It is of

in?iderable interest that the majority

students came from the smaller col-

ges. Of these former participants, 89

id received their bachelor's degrees.

f these, 90 per cent of the men and 80

;r cent of the women were in 44 gradu-

e or professional schools. More than a

ird have won honors such as Ful-

right, National Science Foundation,

ational Defense Education Act, Wood-

iw Wilson, or Public Health fellow-

lips or scholarships. Two have re-

ived their master's degrees, two have

edical degrees. There has not been

me enough for any to have earned a

)ctorate in philosophy. Some of the

udents plan to continue their careers

teaching at the college level. Others

liticipate working primarily in various

pes of research organizations.

Research Activities

Considered on an individual basis,

^_/ each research project may be com-

ired to research performed at universi-

3s. However, when viewed as a com-

Dsite, the research in the Museum is

lique in that it exposes students to

ghly concentrated work. Few colleges

ive the extensive collections needed for

udies in speciation and evolution, or

;ld stations that provide optimal facili-

3s for extensive projects. Programs

ider the direction of twenty-eight staff

embers have been carried out in the

irious disciplines represented in the

useum—animal behavior, anthropol-

;y, astronomy, entomology, fossil and
Idng invertebrates, herpetology, ich-

yology, mammalogy, ornithology, ver-

brate paleontology, and vegetation

'udies. Students have engaged in study-

g aspects of development of behavior

fishes and mammals, the evolution of

rds in the New Guinea-New Britain

ea, brain function in fishes, evolution

deep-sea corals, water metabolism in

nd crabs, the morphological variation

human craniums and skeletons, and
lalysis of cultural evolution. Other

adents, in the field in Mexico, studied

e significance of voice in the reproduc-
'6 behavior of frogs and toads; still

hers studied schooling behavior in

hes at a marine biological laboratory.

Research at Field Stations

"he Museum operates four field sta-

tions : the Kalbfleisch Field Research
ation at Huntington, Long Island, the

•uthwestern Research Station at Por-

I, Arizona, the Lerner Marine Labora-

ry on Bimini, Bahamas, and the Arch-
Id Biological Station, Lake Placid,

orida.

A few students have been engaged in

research at the Southwestern Research

Station on the biology of bees, the biol-

ogy of army ants, embryonic adaptations

of frogs and toads, and the vegetation of

the Chiricahua Mountains. At the Ler-

ner Marine Laboratory, studies were

done on the production of underwater

sound by fishes. Nearly a third of the

participants have worked at the Kalb-

fleisch Field Research Station. This is a

self-contained unit, whose oak woodland,

evergreen plantings, weed fields, and

ponds provide a variety of ecological

communities. Nearly 200 species of ver-

tebrates have been recorded there, and

over 500 plant species are represented

in the station's rapidly growing her-

barium. Research projects now in prog-

ress include: (1) studies of the popula-

tion dynamics of small mammals; (2)

population ecology and breeding be-

havior of birds; (3) ecology of am-

phibians and reptiles; (4) population

studies on cold-adapted fish; (5) in-

vestigation of the spectrum of radio-

frequency radiation from Jupiter; (6)

a survey of the flora and documentation

of successional changes in the vegeta-

tion, studied through the controlled use

of herbicides and burning. Many of

these studies will be of a long-term na-

ture, because protection is provided

against vandalism and future distur-

bances that might arise through altera-

tions in land use. A valuable feature of

the station is the establishment of a sys-

tem of 50-meter quadrats throughout

the property, with lines that run true

north-south and east-west. This grid sys-

tem provides permanently marked refer-

ence points for recording observations

and spots at which collections are made.

Benefits of the Program

A
number of students apply from col-

leges in which their own research

opportunities are limited to molecular

biology, biochemistry, or microbiology.

The Museum's program offers research

in ecology, behavior, and systematics,

both at the Museum and at field stations

(to many, this opportunity is extremely

important), and students discover that

research in these areas is possible, re-

warding, and modern. The program also

demonstrates the interdisciplinary na-

ture of the new biology and shows that

modern experimental and observational

techniques are applicable to the classi-

cal areas of biology. In addition, the

program is broadening, as the students

work closely with scientists other than

their own professors. Not the least ad-

vantage is that during the summer, in

particular, the stipend frees the student

from financial burdens and allows him to

devote his energies fully to his project.

To most students, the opportunity to

observe and participate in continuing

research projects of the Museum is an

entirely new experience that helps to

bridge the gap between the structured

laboratory work at schools and research

at a graduate level. The Museum staff,

on the other hand, in its plans for such

participation, helps to fulfill its public

responsibility in the educational devel-

opment and training of future scholars.

Editor's Note: Information concerning

current and future programs can be ob-

tained by writing to Mrs. Bessie M.
Hecht, Associate Program Director, Un-
dergraduate Research Participation Pro-

gram, The American Museum of Nat-

ural History, Central Park West at 79th

Street, New York, N.Y. 10024.

This list details the photographer, artist,

or other source of illustrations, by page.

COVER-Robert J. Lee
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CRYSTALAIRE
CAMP FOR GIRLS

Crystal lake. Frankfort, Michigan. 88 girls, 10-17. 7 week
season. Fun, adventure, friendsliip in North Michigan
dune country. Riding, sailing, creative arts. Waterfront.
Individual program, experienced staff. Trips and nature
stressed. Island outpost. ACA accredited. AH races and
creeds welcome. Catalog. Mr. and Mrs. G. N. Leinbach,
1039 Olivia, Ann Arbor, Michigan.

T

Share the Thrills

01 Exploring

ouier Space
All DYNASCOPES, including this
superb RV-6, 6-inch available
on easy terms!

Now it's easy to join the thousands of serious

amateurs. who have discovered the excitement
of exploring our mysterious universe. Your en-

joyment begins right from the start, yet the
challenges and rewards go on for years! And
It's a hobby that can be shared at modest cost.

Choose from a Full Range Of
DYNASCOPES^ 4" Starting at $49.95

Picking a telescope to fit your needs and your
pocketbook is simple when you select a
DYNASCOPE — the same instruments used by
more than 150 schools, colleges and observ-
atories. Prices begin as low as $49.95, and
your satisfaction is guaranteed by a full-

refund warranty.

FASCINATING GUIDE
YOURS FREE!

Read these valuable facts be-
fore buying any telescope. Mail
coupon or postcard for your
complimentary copy of this
helpful guide.

Criterion Manufacturing Co.

331 Church St., Hartford 1, Conn.

® TM Registered U.S. Fat. Office

CRITERION MANUFACTURING CO.
Dept. NH-61, 331 Church St., Hartford 1, Conn.

Please send your free Telescope Guide.

Name-

Address-

City

Cl^MHHBB—.^— — — — KKB
_State_
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CATCH THEM ALIVE AND UNHURTI

Amazing HAVAHART trap captures raiding
rats, rabbits, squirrels, skunks, pigeons, spar-
rows, etc. Takes mink, coons without injury.

Straying pets, poultry released unhurt. Easy to

use—open ends give animal confidence. No jaws
or springs to break. Galvanized: many in use 20
years. Sizes for all needs. FREE illustrated prac-
tical guide with trapping secrets.

HAVAHART, 158-J Water Street

Ossining, New York

Please send me FREE new 48-page guide and
price list.

Mail to MARIAN PUBLICATIONS, !
80 Park Drive, Greenlawn (Long Island) -
New York 11740 ,
I have enclosed $ -... (cash, check or money I
order). Please send me the books checked. I

n TRAVEL ROfTES AROl'ND THE WORLD. $1.

FABULOUS MEXICO. $1.50. I
D HOW TO TRAVEL WITHOUT BEING RICH, g

$1.50. _
n WHAT TO SEE IN ALL AAIERICA. $2. 5
a OFF-THE-BEATEX PATH. $'>.

Save $3: All five books above for only $5.

Print Name

Street Address

City. State & Zip Code #

ALADDIN HOUSE, LTD.
Dept. N-lC
520 Fifth Avenue

New York, N. Y. 10036

SEE OUR AD ON SECOND COVER

Please send FREE Gift Catalog only!

Please ship me the jallowing:

Check enclosed $-

NAME-

ADDRESS-

CITY

Wildwood Nature Camp
Operated by
Massac/iusef/s

Audubon Sode/y

Boys ond G/r/s

9-14 years

A program of NATURAL SCIENCE designed
to stimulate interest and develop skills for
enjoying and understanding our environ-
ment. Individual guidance, research proj-
ects. Wholesome foods and outdoor living
emphasized. Write to:

DAVID R. MINER. Director
623 South Street Barre, Mass. 01005

4

Suggested
Additional Reading

THE WORLD
OF THE PHOENICIANS

The Phoenicians. Donald Harden.

Frederick A. Praeger, N.Y., 1962.

Ugarit and Minoan Crete. Cyrus H.

Gordon. W. W. Norton & Co., N.Y.,

1966.

A Text-Book of North-Semitic In-

scriptions. G. A. Cooke. Translated by

Ernest F. Row. Clarendon Press, Ox-

ford, 1903.

Phoenicia and Western Asia to the

Macedonian Conquest. Raymond
Weill. G. G. Harrap and Co., London,

1940.

MYRIAD COLORS IN CORAL
The Great Barrier Reef and Adja-

cent Islands. Keith Gillett and Frank

McNeill. Coral Press, Sydney, 1959.

The Lower Animals. Ralph Buchs-

baum and Lorus J. Milne. Doubleday

& Co., Inc., Garden City, 1962.

LIGHTNING THROUGH A LENS
Physics of Lightning. D. J. Malan. The

English Universities Press, Ltd., Lon-

don, 1963.

The Flight of Thunderbolts. B. F. J.

Schonland. Clarendon Press, Oxford,

1964.

The Lightning Book. Peter E. Viemeis-

ter. Doubleday & Co., Inc., Garden

City. 1961.

The Thunderstorm. Louis J. Battan.

Signet Science Library Book. The New
American Library of World Litera-

ture, Inc., N.Y.. 1964.

PREDATION'S
IMPACT ON PENGUINS

Oceanic Birds of South America. Rob-

ert Cushman Murphy. The American

Museum of Natural History, N.Y.,

1936.

The Pygoscelid Penguins. William J.

L. Sladen. Falkland Islands Depend-

encies Survey, Scientific Reports No.

17, Colonial Office, London, 1958.

The Natural Regulation of Animal
Numbers. David Lack. Clarendon

Press, Oxford, 1954.

THE LEWIS AND CLARK
EXPEDITION'S BOTANICAL

DISCOVERIES
The Natural History of the Lewis
and Clark Expedition. R. D. Bur-

roughs. Michigan State University

Press, E. Lansing, 1961.

Plants of the Lewis and Clark Expe-

dition Across the Continent. T.

Meehan. Proceedings of the Academy
of Natural Sciences of Philadelphia,

pages 12-49, 1898.

Botanical Contributions of the
Lewis and Clark Expedition. V. E.

Rudd. Journal of the Washington

Academy of Sciences, Vol. 44, pages

351-356, 1954.

American

yAuseum

Cfours

spring and summer

1966

6-DAY MOUNTAIN
AND VALLEY TOUR

June 13-18

Includes Green Mts. in Ver-

mont, Hudson Highlands,

Champlain Valley, and
Adirondack Mts. Stresses

geology and botany.

5-DAY GEOLOGY AND
BOTANY TOUR

OF LONG ISLAND
June 6-10

Plant life of sand-dunes and
seashores, saltmarshes and
pine barrens. Glaciation fea-

tures of Long Island and
Fire Island.

WEEKEND JOURNEY
FOR BIRD

ENTHUSIASTS
May 7 & 8

Repeated May 14 & 15

Two days of birding in New
Jersey, at the height of the

spring migration. Mixed
hardwood forest area, the

Pine Barrens, and
tine Nat. Wildlife Refuse

Brigan-

For information call TR 3-

1300, Ext. 462 or wiite
Education Department,
The American Museum of

Natural History, Central
Park West at 79th St., N.Y.,

N.Y. 10024.
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Passenger-Carrying FREIGHTERS

Are the Secret of Low Cost Travel
Yes, for more Ihan you'd spend at a resort, you can lake a never-lo-be-

forsottcn cruise to Rio and Buenos Aires. Or tlirougli the West Indies or along

the St. Lawrence River to French Canada. In fact, trips to almost everywliere

are within your means.

And what accommodations you get; large rooms with beds (not bunks),

probably a private bath, lots of good food and plenty of relaxation as

you speed from port to port.

Depending upon how fast you want to go, a round the world trip can show
you every continent on earth. And there are shorter trips. Fast, uncrowded
voyages to England, France, the Mediterranean; two or three week vacations

up and down the Pacific Coast or elsewhere. Name the port and the chances

are you can find it listed in Travel Routes Around the World. This is the book
that names the lines, tells where they go, how much they charge, briefly

describes accommodations. Hundreds of thousands of travelers all over the

world swear by it. Travel editors and travel writers say "To learn how to travel

for as little as you'd spend at a resort get Travel Routes Around the 'World."

It's yours for just $1 and the big 108-page 1966 edition includes practically

every passenger carrying service starting from or going to INew York, Canada,
New Orleans, the Pacific Coast, Mexico, South America, England, France, the

IVIeditcrranean, Africa, the Indies, Australia, the South Seas, Japan, Hawaii,

etc. There's a whole section called "How to See the World at Low Cost."

A big $1 worth, especially as it can open the way to more travel than you
ever thought possible. For your copy, simply fill out coupon.

FABULOUS MEXICO
WHERE EVERYTHING COSTS LESS

The land of reiirement and vacation bargains—that's Mexico

Where you can build a modern home for $4500 and an American retirement

income looks like a fortune. It's tlie land where your vacation money can buy
double or more what it might back home—provided you know where to go for

Mexico's best values.

Norman Ford's big book FABULOUS MEXICO-WHERE EVERY-
THING COSTS LESS tells you exactly where to get all of this country's best

vacation and retirement values, where you can live like a prince on what you
^night just get along on in the U.S.A.
Norman Ford knows Mexico from north to south, from east to west, and he

takes you to vacation and retirement areas that look more like the South Seas
Ihan Tahiti itself; to whole sections of just iierfect weather where it's like June
all year round; plus resort after resort, towns, cities, spas and what not else

where you'll have a vacation to remember at a cost so low it could seem
unbelievable.

If you want a delightful retirement area with plenty of Americans around
to talk to, he leads you to all the principal reiirement towns, as well as dozens
of little known, perhaps even more delightful areas, where costs are way far

down, there's plenty to do and meeting people is easy. Always, he shows you
modern, fiower-bedecked hotels and inns that charge hardly half of what you
might expect to spend in even such a land of vacation and retirement bargains

as Mexico.
There's a great deal more besides: everything from exploring ancient pyra-

Imids as old as Egypt's to finding fabulous hunting and fishing. If you might

want to share in the high interest rates Mexican banks pay or to buy equally

high-earning real estate or start a business of your own, this detailed guide to

a fabulous land tells you what you must do to start your money earning so

much more than in the U.S.
FABULOUS MEXICO-WHERE EVERYTHING COSTS LESS opens up

Mexico to you. It's a big book, yet it costs only $1.50. So send tor yours today.

Round the World on a Shoestring
If you know the seldom-advertised ways of reaching foreign countries, you
don't need fantastic sums of money in order to travel. You could spend $500-

>1()00 on a one-way luxury steamer to Buenos Aires—but do you know you
r can travel all the way to Argentina through colorful Mexico, the Andes, Peru,

etc., by bus and rail for just $179 in fares?

You can spend $5000 on a luxury cruise around the world. But do you know
you can travel around the world via deluxe freighter for only a fourth of the

cost—and that there are half a dozen other round the world routings for about

$1000?
There are two ways to travel—like a tourist, who spends a lot, or like a

traveler, who knows all the ways to reach his destination economically, com-
ifortably, and while seeing the most.

Norman Ford's big new guide How to Travel Without Bein^ Rich gives you
he traveler's picture of the world showing vou the lower cost, comfortable

ways to practically any part of the world. Page after page reveals the ship, rail,

bus, airplane and other routings that save you money and open the world to

you.

What do you want to do? Explore the West Indies? This is the guide that

tells you how to see them like an old time resident who knows all the tricks

of how to make one dollar do the work of two. Visit Mexico? This is the

guide that tells you the low cost ways of reaching the sights (how 760 takes you

/la 8-passenger automobile as far as those not-in-the-know pay $5.60 to

reach). Roam around South America? Europe? Any other part of the world?

This is the guide that tells you where and how to go at prices you can really

afford.

If you've ever wanted to travel, prove now, once and for all. that travel is
'
witliin your reach. Send now for How to Travel Without Beine Rich. It's a biii

3ook, with over 75.000 words filled with facts, prices, and routings, and it's

yours for only $1.50. Even one little hint can save you this sum several limes

over.

What to See in ALL AMERICA •

—in the U.S.A., Canada, and Mexico

and all the way to the Panama Canal

This 100,000 word book helps you explore every sight-filled corner in all

America. From Alaska to Florida, from Labrador to California, from the

Mexican border to the Panama Canal, it shows you all that's outstanding in

the U.S.A., Canada, and all the other countries on our entire continent—coun-

tries which you can reach more easily than you probably thought.

Whether you drive or would rather leave your car behind, it details the

byways which reveal so much more of America and get you to interesting

places most people never see. It makes sure you always know exactly where to

go, what to see.

If your eyes are on Maine or Texas; on Florida or Arizona or California; on

Niagara Falls or the Grand Canyon; on Yellowstone or Yosemite; if you want
to visit New York City or Washington, Chicago or Los Angeles, this book
shows you the most interesting ways to get there from your home and it helps

you see all of them with knowledge and understanding. If you want to get to

out-of-the-way places, it shows you where to find the Eskimo country, Hudson
Bay posts, etc. You can drive most of the way, yet where the roads stop, it

helps you continue by ship and rail to still more unusual country.

For trips below the border, it shows the most sight-filled ways to all that

makes Mexico so exciting to visit. Or do you want to go on to Guatemala's
fabulous Indian country; to El Salvador, Honduras, Nicaragua, Costa Rica,

Panama? They're yours by car, or you can go by low cost scenic motor coach
or rail.

To see all the grandeur of America as you've probably never before
explored your own country and her neighbors, make sure that you have your
copy of What to See in All America. One hundred thousand words long, yet it

costs only $2. Why not get your copy now?

Where to Retire or Vacation

at what look like prewar prices—and

where no one ever heard of nerves or worries

In Off-the-Beaten Path, the big book by Norman Ford, you can read of

island paradises aplenty in the United States and Canada, of art colonies (art-

ists search for picturesque locations where costs are low!), of areas with almost
a perfect climate or with flowers on every side.

Here are the real U.S. A.-brand Shangri-Las made for the man or woman
who's had enough of crowds. Here, too, are unspoiled seashore villages, tropic-

like islands, and dozens of other spots just about perfect for your retirement or
vacation at some of the lowest prices you"ve heard of since the gone-forever
prewar days. And for good measure you also read about the low-cost paradises
in Hawaii, the Virgin Islands and Puerto Rico.
You can be sure that Off-the-Beaten Path names the low-cost Florida retire-

ment and vacationing towns, the best values in Texas, the Southwest, Cali-
fornia, the South and East, Canada—and a dozen other areas which the crowds
have not yet discovered:

• That undiscovered rej^ion where winters are as warm as Miami Beach's, yet
costs can be two-thirds less.

• That island that looks like Hawaii yet is 2,000 miles nearer (no expensive
sea or air trip to get there).

• France's only remaining outposts in this part of the world—completely sur-

rounded by Canadian territory ... or a villaiije more Scottish than Scotland
or age-old Spanish hamlets right in our own U.S. where no one ever heard
of nervous tension or the worries of modern day life.

• That remarkable town where a fee of 3 cents a day gives you an almost end-
less round of barbecues, musicals, concerts, picnics, pot luck suppers, smor-
gasbord dinners, and a fine arts program.
Off-the Beaten Path is a big book filled with facts that open the way to a

different kind of retirement or vacation made all the more attractive by the
rock bottom prices. About lOO.OOU words and plenty of pictures. Yet it costs
only $2.

I Mail to HARIAN PUBLICATIONS, 80 Park Drive I

I Greenlawn (Long Island), New York 1 1 740 |

I I hove enclosed $ (cosh, check or money order). Please send me I

I
the books checked below. You will refund my money If I am not
satisfied. I

I D TRAVEL ROUTES AROUND THE WORI D-(the traveler's |
directory of passenger-carrying freighters). $1.

I D FABULOUS MEXICO-WHERE EVERYTHING COSTS LESS. I

I
$1.50.

ID HOW TO TRAVEL WITHOUT BEING RICH. $1.50. '

I D WHAT TO SEE IN ALL AMERlCA-in the U.S.A., Canada, and |
Mexico and all the way to the Panama Canal. $2.

I n OFF-THE-BEATEN PATH . . . America's own Bargain Paradises. I

n SAVE S3: All five books above for only S5.

I Print Nome

I

I

I
City

Street Address

State Zip Code

Use coupon on page 68 if you prefer not to cut this cover.



Yes— and Solid State, too

This brand new, all solid-state tape recorder from world-famous Sony has an

exclusive new automatic volume control (AVC). You never adjust the recording volume: a whisper or a shout, near

or far is recorded with perfect playback clarity. Start your family sound album today. Tape baby's first words and

grandad's memories; great too for student notes, business dictation and talking letters. This smartly-styled mstrument

records more than two hours on a three inch reel of tape; it has a capstan drive to maintain true recording speed; and

it is as simple to operate as 1-2-3, which is its model number. All this for only $39.95 -and it's a Sony!

so3sr"!r SUPERSCOPE
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oladdm taoase, Ltd.

520 Fifth Avenue, New York, N. Y. 10036̂

THE CLEOPATRA LOOK I

Genuine l;g^ptian Scarabs served three purposes:

as charms, seals, and for adornmenc. A small col-

lection of ancient faience Scarabs has been set iii

modern Jewelrv . . . comhinhig the ailislry o!

yOOn years ago with jewelry fashions of today.

Superb all-occasion gift in Sierlhig silver or 14K

COLD . . . (dislrlayeii iii rich Jeuelry case)

Charm Pendant Earrings

Silver $17.89 S19.89 $27.79

Gold S19.89 S24.89 S37.79

SCARAB RING
Ancient Lgyptian Scarab
mounted in 14K Yellow Gold,

swirl top ring. Jewelry Gift of

a Lifetiwe!

LS-Ladys Ring $55

LM-Mans Ring $70

I.R-RARE Blue Green Scarab

Lady's or Mans ring $95

Rings sized to fit finger at no
extra cost.

ROMAN COIN JEWELRY

Historic Roman Imperial Silver &
Bronze coins excavated from hid-

den hoards . . . now transformed

into stylish jewelry creations 1700

years later! Imperial coins framed

in sterling silver make elegant

charms & pendants ... fit for a

queen ! As cuff links men can wear
history at arms length. Thes^ an-

cient coin jewelry creations are

truly Regal gifts to be treasured by

all!

CHARM
BRONZE COIN S 7.50

SILVER COIN SI3.25

PENDANT CUFF LINKS

S 9.50 S14.50

S1525 $22.00

BRONZE AGE
ARROWHEADS ... *

Excavated from famous archaeological

sites in "AMLASH " (near the mts. of

LURISTAN !) Bronze Arrows date from
I5th-8th Cent. B. C. & exhibit rich

malachite green patina! Each arrow a
magni/iccnl disl'lay piece . . . unique

SELECT Arrowhead 3"-5" S6.50
Average Arrowhead 2"-3" $4.50

EREL: Plastic display stand for arrow

*SEE-"The Illusiraled London News ,

May 5, 1962, P. 699-701

\
Y
^

*^.

-HER JEWELRY-

EXOTIC COINS
, . . trom the "sinister"
i;.inii(ig dens of Siam's 18th
and lyth Centuries! Used
as a means of exchange,
these attractively fashioned
porcelain coins reflect the
simple beauty inherent m
Oriental art. Now these
very coins crafted with
sterling silver make exotic
all occasion jewelry. In
addition, you can frame
them creating a unique
wall decoration.

Siamese gambling por-
celain coin, each SI. 75

Collection of 6 dif-

ferent design coins S7.90

-HIS JEWELRY-

CHAIN &
PENDANT

$7.95
CHARM
S5.90

TIE
TACK
55.90

CUFF
LINKS
$9.50

ANTIQUITY GIFTS...

ZllOPklKf^ AGE JEWEtRY
Ancient Egyptian faience beads (.^rd Cent. B.C.—
4th Cent. A.D., CLEOPATRA AGE), from ex-

cavated caches. Entombed for centuries, these

exotic, colorful beads in concert form a necklace

treasure: a tasteful comfilement to casual or

formal attire.

24 inch Necklace of ancient beads $15.50

Sterling Silver drop bead earrings S 5.75

Complete Set: Necklace & Earrings $19.75

EREE: Elegant display case with Necklaces &
Earrings.

TEMPLE BUDDHAS . . .

(from I8lb-I9lb Cent. Siam)

Secured from abandoned vegeta-

tion overgrown, timeworn temples

deep in the primeval forests of

northern Siam. Superbly crafted

teakwood statuettes, lacquered red

&/or black . . . several Buddhas
richly finished in Gold leaf, somi
with band inscribed prayers.' State-

ly display {7"-10") complimenting
home &: office decor. A distinc-

tive all-occasion gift! CHOICE
Buddha, rich Gold leaf finish &
inscribed praxers S-^5.

Select Buddhas. rich Gold leaf S25.

ANCIENT EGYPTIAN OIL LAMPS
orcr 1700 Ycjrs Old

Ancient Egyptian oil lamps dating from the 3rd-

4th Century A.D. These select specimens fash-

ioned with various designs make unique archaeo-
logical display pieces for home and office. Lamp
on walnut base with parchment certificate of

authenticity S12.50

Vi BILLION YEAR OLD . .

.

Trilobites (extinct sea fossils). Deli-
cately sculptured with gemlike rich-

ness, the trilobites blend with silver

forming prehistoric Jewelry
Creations !

CHARM
55.95

PENDANT
57.95

EARRINGS
59.95

FREE Gift Catalog
Illustrating; Crosses, Buddhas, Amulets,

Bronze Weapons, Lamps, Scarabs, Jewelry,

Figurines, Masks, Roman Glass, Pottery, Coins,

Shawobtis, Coptic Textile & more! Co/leclors,

Students, Gift Givers & the intelleclually curious,

wilt enjoy this stimu/oting reference book.

Write for your free copy today!

ALADDIN HOUSE, LTD.
D=pl. N-2D • 520 5th Ave. • N.Y., N.Y. 10036

EGYPTIAN FROG LAMPS . . .

excavated in Hgypt and dating from the 3rd to 4th

Centuries A.D. Lamp top is decorated with a frog

design, the ancient Egyptian
symbol of fertility and prolific

generation. FREE: With each
lamp a copy of "Greek and Ro-
man Pottery Lamps" by Donald
M. Bailey. This terracotta lamp
is pictured in ibis British Mu-
seum Publication, see plate 14.

Lamp on walnut base with
parchment certificate of authen-
ticity $22.50

COIN OF INDIA
The heavy silver coins of the

Shah Jahan Empire (1632-1653)

have been transformed into mag-
nificent handcrafted jewelry. This

famed Indian ruler built the Taj

Mahal, the worlds most sump-
tuous memorial to a beloved

•\[ie. Coins of Shah Jahan,
historically symbolizing his

immortal love for the Em-
press Mahal, are now avail-

able as regal charms, pend-

ants & cufflinks, .i gift truly

expressing eternal love!

Silver coin pendant $23.50
Silver coin charm $19.50

Silver coin cufflinks $28.50

1/4 BILLION YEARS OLD . . .

animal fossil (blastoid) frequently

cUled "Sea Bud," actually lived over

2^0 million years ago. Nature's de-

sign, five vents surround center giving

the blastoid a futuristic look. Now,
this fantastic fossil has been
crafted with sterling silver, creat-

ing unique jewelry . . . while re-

maining an alluring scientific

curio! Give as intriguing gift from
"The Dawn nl I.He on Earth"!

PENDANT CHARM EARRINGS
$6.95 54.95 S9.95

l!
I il

V
^t^i^

Miniature OPIUM WEIGHTS
The sale of opium in 17th-l!)th Cent. Siam &

.

Burma was state controlled. Used to weigh

opium, these stylized bronze lions, ducks &
elephants, handsomelv mounted on walnut bases

(or Incite) are approx. Vi" to 1" high, weighing
ipprox. 2/5 to 1 oz. Useful & unique as paper-

weights, they make an exotic addition to all

collections . . . a most intriguing gift from the

Orient!
Opium Weight, '/." high, walnut base S5.89

Opium Weight, I" high. Incite base $9.^0

I

I

I

Aladdin House, Ltd., Dept. N-2D
520 Fifth Avenue, New York, N. Y., 10036

Q Please send EREE Gift Catalog only!

Please ship me the following:
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// — until today —
your experience with

art masterpieces has been

limited, for the most part,

to scaled-down "prints" and

reproductions in books

Imagine the

excitement of

viewing the world's

great paintings in the

FULL SIZE and

GLOWING COLORS
of the original canvases-

on your own wall

at home!

A REMARKABLE DEMONSTRATION OFFER FROM

E McGRAW HILLColor Slide Program ofArt Enjoyment
TAKE THIS ALBUM OF IMPRESSIONIST PAINTINGS FOR ONLY •1[ comparable value:

$15 to $18 ]

IIAVE you ever

wondered
why people who
are otherwise
well-informed

ten fail to develop a real understanding
d enthusiasm for so many of the world's

sat paintings? Perhaps it is because most
us only rarely have the experience of
inding before the original works of art.

Imagine, then, what it would be like to

;w these celebrated masterpieces in your
n home — just as they appear in leading
iseums and in the collections of the

)rld's great art patrons! This extraordi-

ry experience is now open to you through
series of remarkable Albums offered to

;mbers of the McGraw-Hill Color Slide

ogram of Art Enjoyment. There has
ver been anything like it.

A new way to enjoy the world's great art

a member of this Program, you will

ze in astonishment as Renoir's lovely
eated Bather" (shown above) appears on
ur wall four feet high — aglow with all

I

; vibrant reds, blues and greens of the Im-
jsssionist palette; you will thrill to Rem-
jandt's famed "Aristotle Contemplating
\i Bust of Homer," seen nearly five feet

\

height — and marvel as you view Titian's

;

egorical masterpiece "Sacred and Pro-
•le Love" in its full eight-foot width, just

I

it appears in Rome's Borghese Gallery.

These are just a few of the scores of mag-
: icent works of art you will see projected
the actual size and full color of the
iginal paintings.

Accept this $1 demonstration offer

If you mail the attached card, you wiU
receive a unique Album containing 24
color slides of priceless works by Renoir,

Monet, Degas, and other important Impres-
sionist painters. These slides are produced
in Florence, Italy, to exacting specifications

on 35mm Kodak film in individual 2x2
mounts. They set a new standard of faith-

fulness to the artists' originals, and can
be used in any home slide projector. (If

you do not own a projector, you may ob-
tain one at very low cost with your trial

Album. See special offer below.)

The color slides, however, are only one
part of this elaborate Album. Bound into

the center is an illustrated 48-page book
by Albert Chatelet, Director of France's
renowned Lille Museum — with a guide
to each of the slide pictures and the
complete story of the Impressionist era.

If this demonstration pleases you, you will

be offered a new slide-and-commentary
Album as issued, approximately every two
months. Among the Albums in this series

are Italian Renaissance Painting, with
masterpieces by Leonardo da Vinci, Mi-
chelangelo, and others — Tlie Golden Age
of Spa?iish Painting, including works by
El Greco and Velasquez — and Albums
covering every major art period.

Until today, slide-and-conmientary art

education was available only in museums
or universities. Now, you can benefit from
the same kind of expert guidance — and
enjoy the world's great masterpieces with
your family and invited guests — right in

your own home.

The cost is surprisingly low

The least you might expect to pay for 24
color slides of comparable quality — if the

subjects were available from museums and
private collections — is $15 to $18. Yet, as

a subscriber to this new Program, you pay
only $7.95, plus a few cents for shipping,

for each complete Album—indading slides

and illustrated guide book. You may take
as few as two Albums within a year, or as

many as you wish.

Mail attached card for 10 days trial

Send no money now. We will ship your intro-

ductory Color Slide Album of Impressionist
Painting and enroll you as a trial subscriber.
If you are thrilled with the demonstration and
wish to continue with the Program, send only
$1, plus a few cents for shipping. Thereafter,
you will be offered a new Album approxi-
mately every two months at the subscribers'
low price of only $7.95. If not delighted,
however, you may return everything within
10 days, cancel your subscription, and owe
nothing. Mail the attached card today.

IF YOU DO NOT HAVE A PROJECTOR, here's an unusual oD-
portiinity. We have obtained a limited supply of the sensa-
tional new Minolta Mini 35 II,

with Itoltkor F2.f) wide angle
projection lens. This top-rated
portable slide projector shows
all 3r,mm slides. List price
$37.50—subscribers' price only
$14.95 (including carrying
case). Because the supply is

strictly limited, orders will be
filled as received and remit-
tance must accompany trial sub-
scription form, p'ull refund if

projector is returned in 10 days.

If Reply Card has been removed, write Color
Slide Program of Art Enjoyment, Dept. AY-101
330 West 42nd St., New York, N. Y. 10036.
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SHARK UZASO;^ GORILUk

NOW YOU AND YOUR
FAMILY ARE INVITED TO Enioy 10 Days Exploring
Tv^o Billion Years of Evolution

as guests of the LIFE Nature Library

THE MANY FACES OF MAN. Although Man is united in one
species, it Is racially divided into more than 30 subgroup-
ings. Over the past 150,000 years, as men searched for new
hunting grounds over the globe, they gradually developed
traits that adapted them to each environment.

THE GENETICISTS' GUINEA PIG is the common fruit fly. This
wonderful insect, Va inch long, produces new generations
profusely every 10 to 15 days, takes up little lab space, and
has a simple genetic make-up of only 4 chromosomes. By
bombarding its reproductive cells with X-rays, biologists
have produced fantastic new mutants.

Why does man seem so similar to the

ape? Why do ancient rocks contain
imprints of creatures now extinct? What
causes giants, dwarfs, albinos? A little

over a century ago, no one really knew.
Then an English biologist, Charles Dar-

win, published one of the most important
books in history. The first 1,250 copies of
his The Origin of Species sold out in a
day, and a storm of controversy broke
which has never entirely died.

Now here at last—in the style that LIFE
has made famous, so that it makes perfect

sense even to school children— is the
remarkable story of evolution in this beau-
tiful introductory volume of the LIFE
Nature Library.

You retrace the historic voyage that

young Darwin made on H.M.S. Beagle,

and see the very same phenomena that set

his mind ablaze. You see the primitive

Indians of Tierra del Fuego, at the bottom
of the world, so tough they sleep naked
on icy ground. You tour the Galapagos
Islands, Nature's own laboratory of evo-
lution, where complete isolation from the
rest of the world has resulted in startling

species never seen anywhere else.

You see the clues to bygone life—shells,

bones, tracks, eggs, imprints or entire

mummies—preserved by Nature in tar,

coal, ice, and stone. You see a frozen baby
mammoth perfectly preserved in Arctic

ice for 22,000 years. You share the thrill

of the couple in Tanganyika as they
uncover the bones of the world's earliest

known man—over a million years old!

Genetic scientists take you into their

laboratories to explain the mysteries of
the microscopic genes and chromosomes
that determine the inheritance of charac-
teristics. You see a human egg magnified

2,000 times. How a living cell divides.

Obviously so vast and exciting a book
cannot be adequately described here. So

we invite you to borrow a copy from us
for 10 days. Then if you wish you may
return it and owe nothing. Or you may
own it for much less than such an expen-
sively printed and handsomely bound
book would ordinarily cost Thanks to
LIFE'S vast facilities and large print

orders, you pay only $3.95 (plus ship-

ping and handling). Then you will be
entitled to receive another volume of
the LIFE Nature Library for free exam-
ination every 2 months.

But you make no commitments, prom-
ise to buy nothing. And you may cancel
this arrangement any time you wish.

However, the entire series makes an
impressive encyclopedia of Nature that

your family will increasingly treasure—

a superb reference shelf and study aid

used in thousands of classrooms from
elementary school through college. To
examine the first volume, mail coupon.

Actual size 8V2" x 11" • 190 pages
Over 400 illustrations,

many in full color

ILE FRIGATE BIRD displays
!ght red guiar pouch to

j

ract females. Attractive

]
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t ture Library

OFF TO BED goes the gorilla

with leaves and branches
for bedding. Though con-
stantly on the move, gorillas

build new nests on ground
or in low branches nightly

SKELETONS OF HORSE AND
MAN reveal similar bones in

similar positions. In such re-

lationships Darwin saw
echoes of a primeval pat-

tern, modified by evolution

XXXVITO!
TIME-LIFE BOOKS,
Dept. 8227
TIME & LIFE BUILDING
CHICAGO, ILLINOIS 60611

Please enroll me as a subscriber to the LIFE NATURE
LIBRARY and send me Volume I (EVOLUTION) for a 10-

day Trial Examination. If, at the end of that time, I decide
not to continue the series, I will return the book, canceling my
subscription. If I keep the book. I will pay $3.95 (plus shipping
and handling). I understand that future volumes will be issued
on approval at two-month intervals, at the same price of $3.95.

The 10-day Free Examination privilege applies to all volumes
in the library, and I may cancel my subscription at any time.

Name .

Address.

City. .State.
(Please include Zone or Zip code number if known)

Schools and Libraries:
Address orders to Silver Burdett Co., Morristown, N. J.



The Yashica 1-5

Single Lens Reflex

. . . capable of the

most sensitive

photography—

with f/l.4

lens, Micro

-

screen view-

finder,

coupled CdS

meter, speeds,

to l/lOOOth.

1-5 with

DX/l.4,

under $225. J-5 with

f/l.8 lens, under $175.

Lenses from 35 mm
to 800 mm.
Send for complete lens directory
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BOOKSIIN REVIEW

'Our dwindling heritage
(By Stewart L. Udall

A Wilderness Bill of Rights, by Wil-

liam 0. Douglas. Little, Broivn and Com-
pany, $5.95; 192 pp., illas. The Wild
Cascades: Forgotten Parkland, by

Harvey Manning. Sierra Club Books,

$20.00; 128 pp., illus.

THE America of wild, remote, quiet

places only miles beyond the city

limits is about gone. In consequence,

those few back-country areas that some-

how have managed to escape the on-

slaught become more precious with each

addition to our population.

One of our most sublime stretches of

wild country, the North Cascades Moun-

tains of the state of Washington, pro-

vides subject matter for two new books.

Justice William 0. Douglas alludes fre-

quently to it in A IFilderness Bill of

Rights. Harvey Manning devotes the

whole of his new work. The Wild Cas-

cades: Forgotten Parkland, to that por-

tion of the mountain range running

roughly from Mount Rainier National

Park northward to the Canadian border.

The North Cascades are perhaps the

least-visited expansive sector of the 48

contiguous states. Yet these 10,000

square miles contain some of our most

superb scenic splendors: more than 500

glaciers; almost 300 mountain peaks

reaching elevations over 7.000 feet;

towering Douglas fir and ponderosa pine

forests; and trout streams and lakes so

pure that scores of cities and towns

drink the water without filtration. Al-

most all of the area is in our national

forest system.

Justice Douglas is a passionate parti-

san of the green and flowing world of the

outdoors, a sworn enemy of the raiders

and despoilers. A Wilderness Bill of

Rights balances an earlier legal volume,

A Living Bill of Rights. The new book

ranges over the North Cascades and the

rest of the nation, submitting case his-

tories to prove the need for legislation

to halt inroads into existing wilderness,

to save some wild rivers, to preserve sea-

shores, and to save habitat for endan-

gered species of wildlife.

A Wilderness Bill of Rights uses as

a premise Justice Douglas' belief that

wilderness values, although not appeal-

ing to all Americans, are so basic to our

national well-being that they must be

honored by any free society that respects

diversity. His bill of rights would pro-

tect the outdoor heritage of the pas-

sionate millions who find that "Wilder-

ness helps us preserve our capacity for

wonder—the power to feel, if not to see,

t)

the miracles of life, of beauty, and
harmony around us."

Justice Douglas fires his shots sta

cato. In The Wild Cascades, Harvi

Manning evokes mood and feeling wi

word and picture. This is a work of a

another in the Sierra Club's startling

beautiful "Exhibit-Format Series."

combines superbly reproduced phot

graphs and skillful interplay of linl

from Theodore Roethke's poems, wi;

Harvey Manning's text.

Manning writes as a quiet man w'

has become perturbed. To him
North Cascades is a feeling, an expe

ence. He approaches his mountai

gently, nostrils flared for the first tellt

aroma of peace and quiet and sereni

He mulls over the low country, savors t|

sogginess of camping in misty Casca

rains, finds the high country meaty,

hilarating. And he objects strenuously

development policies that he feels a|

destroying vital values.

The upshot is a proposal for establis|

ment of a new North Cascades Natio

Park centered on the Glacier Peak a

Eldorado Peaks area. Harvey Manni
would flank his park with a Chelan

tional Recreation Area on the east,

North Cascades Wilderness on the norl

and an Alpine Lakes Wilderness a she

distance to the south.

Proposals for establishment of r

tional parks in the North Cascades ha:

been many. The National Park Servi

made one almost thirty years ago. Leg
lation that might lead to a park has be'

introduced several times. The Depa
ments of the Interior and Agriculture a

now completing a detailed study of

master conservation plan for the Nor!

Cascades. This study will put Manning

proposals in sharp focus. It may be t;

late to produce a wise conservation pli

for the entire region, but we must ma
one last attempt.

A Justice, so we say. must be imp;

tial. but William 0. Douglas is a braz'

advocate for a client— future generatio

who will prize the wonders of outdo

America. He speaks for forests and pr;

ries and foothills untouched by plows

pesticides; for tundra and seashores u'

marred by the works of man; for u

trammeled rivers "where it is safe

kneel and drink deep."

Douglas' views are spacious. Most

the time he has the big-sky country

the West on his mind, but he also i

cognizes the force of what Preside

Johnson has called "the new conserv

tion": the idea that miniature wilde.



Man of Precision . .

.

he's always sure of his bearings
He should be. He's been intimately associated with them for a great many years.

As a sl^iiled employe of New Departure-Hyatt Bearings Division of General Motors,

he operates a hydraulically controlled tracer lathe which machines the outer races

of tapered roller journal bearings for railroad cars.

The workmanship is precise, the inspection process rigid, resulting in bearings as

nearly perfect as the most highly refined production methods can make them.

Product quality and reliability are watchwords at New Departure-Hyatt. That's why

the people who build, test and inspect these essential bearings are vital to the

welfare of General Motors and its customers.

General Motors Is PeOple...makingbetterthingsforyou



A New Volume in the Ann Arbor
Science Library

Waldo L. Schmitt

CnisiaceaDii
"I know of no other readable account
of the varied hosts of Crustacea."

—Marston Bates

Crustaceans inhabit all parts of the
globe— oceans, rivers, mountains, gla-

ciers, deserts, and jungles. They vary
from the most succulent lobsters and
shrimp to the tiniest wood lice and
sand fleas. This book explains what
these creatures have in common—how
they are born, live, love, and die, and
what they mean to the history and
economy of man.

Written by an expert for the general
reader, this book introduces a vast,

mysterious, often bizarre world.

208 pages 75 illustrations $5.00

Ttie university ol Michigan Press
Ann Arbor

More than just a telescope

.

More than just a microscope^

Emoskop
a complete

vestpocket

optical

system.^
We went to Wetzlar, Germany (world capital of line optics) to
find such perfection at such a price. Remove the EMOSKOP from
its fitted leather case and it is a 30-power microscope. A twist
of the wrist converts it to a 2.5-power telescope (ideal for theater,
field and sky). Another twist and you have a choice of magnifying
glasses: 5-, 10-, or IS-powers! The perfect vestpocket com-
panion for exacting professionals and scientists. Indispensable
for students, serious collectors, and all who wish to observe
anything more closely and clearly. A most discreet opera
glass. If you make a fetish of quality, the EMOSKOP will do
you proud. Five coated lenses, fully achromatic, absolutely flat

field. As exclusive distributors for Seibert Optical, Haverhill's
guarantees your satisfaction without qualification.

: INSTANT ORDER BLANK :

Mail to: HAVERHILL'S
526 Washington St.. San Francisco, 94111

Send me Emoskop Optical System(s) @ $12.95*

n I enclose check or MO. plus $1.00 for post, and ins.

n Bill Diners'
; p Bill Amer. Expr. Acct. #

(California residents add ^% sales tax)

NAME
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Seo/c/i/'/ig fhe

^averhills
"

^^ World fo bring you the F,ring you the Fineif

nesses a stone's throw from megalopolis

—a Fire Island seashore, a Great Swamp
of New Jersey—may be as important to

the future as the preservation of Yellow-

stone Park.

An unsparing critic. Justice Douglas

flays foresters who too loosely apply the

concept of "multiple use," parkmen who
condone overdevelopment of our na-

tional parks, range managers who wink

at overfencing of the public domain, and

wildlife managers who go along with ill-

adapted efforts to achieve control of

predatory animals.

He saves his sharpest shafts for those

engineers who would build dams and

roads in the wrong places. Some of his

indictments may be overstated, but he is

clearly convinced that much of our pub-

lic work is carried on without sufficient

regard for wilderness values.

Our conservationist-Justice issues a

call for a "united front" against the de-

spoilers. (He knows, too, that the fight

will be won or lost on a thousand local

battlegrounds.) He also suggests polit-

ical action. His final solution is not for

a national Wilderness Bill of Rights as

such, but rather for the formation of

an Office of Conservation, attached to

the White House, to advise and counsel

with the President.

This sounds like a pat solution, but

those of us already "in the battle"

wonder if the best team is not good field

generals combined with Presidential

aides sensitive to conservation values.

My own guess is that the President

himself will always hold the key. We
make progress when we have Presidents

who really care about the land. We make
little headway when the leaders of our

nation lack interest or insight.

Justice Douglas' book has more mean-

ing today than it would have had several

years ago. It comes to a nation belat-

edly awakening to its waning heritage of

natural resources. This year we heard

for the first time a "Message on Natural

Beauty" from a President of the United

States, and many programs inspired by

that Message now are under way. Signif-

icant new conservation legislation is on

the books. Yet much remains to be done.

The careful conservation insights of A
Wilderness Bill of Rights will surely

help guide us in the next steps.

Stewart L. Udall, as the Secretary of the

Interior, has supervision over national

parks. A lawyer by profession, Mr. Udall

is author of the book "The Quiet Crisis."

Hydrospace, by Martin Caidin. E. P.

Button & Co., $5.95; 320 pp., illus.

ALTHOUGH this is not a book on

. natural history in the usual sense, it

will be of interest to everyone con-

cerned with the natural world. Cer-

tainly, there is no frontier more excitinj,

than the ocean environment, which thij

author calls hydrospace. Mr. Caidinj

whose bibliography includes an impres:

sive list of titles dealing with aviation

aerospace, rockets, and the like, has em
phasized the almost incredible array oi

devices and vehicles that are in use antf

are being planned for exploring and ex

ploiting the oceans. Direct quotes fron

scientists and statesmen concerning thi

importance and urgency of oceanic re

search add dramatic impact am
show the critical need for rapid progres

in developing marine resources.

Much of the book stresses the militarl

aspects of the exploration of hydrospace

and several chapters emphasize th

comparison between American and Ru^
sian oceanography. Such comparison

are severely hampered by security re

strictions. but they should serve to aler|

the reader to the vital importance o:

supporting oceanographic research foi

national defense reasons. !

Two chapters entitled "The Harvestj

give an over-all survey of the current lit;

portance and future economic possibil

ties of the oceans. Minerals, food, an

fresh water are there to be harvested, biJ!

present-day technology is woefully iri

adequate, largely because the economi

incentive is not yet strong enough tj

stimulate the necessary effort for fu

realization of the ocean's potentialitieijl

Hydrospace is not a textbook of fact

about oceanography. It is a dramati!

progress report on a rapidly develo]

ing frontier, and will be of interest I

everyone concerned with the future
(;

humanity on this planet.

C. Lavett Smit
The American Museu

\

Ancient Society, by Lewis H. Morgai

Harvard University Press, $7.95; 471 p\

Astudy of cultural evolution first pu;

lished in 1877, Ancient Society

one of the classics of anthropology,

has been reissued in a scholar's editic

under the editorship of Leslie A. Whit;

A more suitable editor could not ha^i

been selected. White has studied Mo
gan's life and work for many years at

has also contributed to theories of cv

tural evolution by expanding Morgan
interpretation of human developmen

In a succinct and informative intr

duction. White sketches the backgrouf

from which Morgan developed his theo:

of cultural evolution, acknowledges til

weaknesses of the theory, and at the sar

time points out Morgan's contributio;

to contemporary anthropology. Throug

out the book. White provides enlightej

ing footnotes regarding abstruse refe

ences and areas of controversy. He al

evaluates the contributions of Mairj

Grote, and Morgan to the theory th

primitive society is based on kinship ti

it



MAN AND NATURE
LECTURES

1966

The second annual series of

Man and Nature Lectures,

sponsored by

The American Museum of

Natural History and the

Natural History Press,

will be delivered next month by

Dr. George Wald,

Professor of Biology at

Harvard University.

I'

'he lectures will be given in the

Museum auditorium at

5 : 30 on the evenings listed below.

MARCH 7

The Prelude to Life

Despite the infinite variety

of its manifestations,

all life must arise

under like circumstances and

ust share a common constitution

and common character.

MARCH 9

The Origin of Death

)eath, a late arrival in evolution,

plays a positive role

in the economy of life:

men tend to misunderstand

that role and

their own relationship to it.

MARCH 14

The Sources of Human Nature

he same forces of organic design

that fashioned our anatomy

ork upon our ways and institutions.

'o a degree we understand them;

to a degree they present us

with problems.

MARCH 16

The Human Enterprise

The time has come to

reappraise human goals

and aspirations

: the light of our present position

and our view of

man's place in nature.

'Museum members may obtain

invitations to these lectures

by writing

Miss Maureen Mahon,
The Natural History Press,

The American Museum of

Natural History,

Central Park West at 79th Street,

New York, N.Y. 10024

and modern society on property and ter-

ritory—a functional hypothesis now pop-

ular in studies of social organization.

Morgan's scheme of cultural evolution

consists of three stages: savagery, bar-

barism, and civilization. This scheme is

based on differences in the systems of

kinship terminology from various soci-

eties he had described earlier in Systems

of Consanguinity and Affinity ( 1871 ) . He
believes these differences in terminology

are due to varying forms of marriage

and family structure, and that the

kinship systems, and their associated

forms of marriage and the family, repre-

sent different stages in the history of

cultural evolution. According to this

scheme, from most ancient times to mod-

ern civilization, forms of marriage

change from promiscuity to monogamy.
In addition, Morgan uses technological

and other criteria—most significantly, the

bow and arrow, iron, and pottery—as

markers of the various evolutionary

stages. Using these criteria, Morgan then

ranks the cultures of the world in an

evolutionary sequence.

This reconstruction of ancient society

now has been found to be invalid. We
know today that the family did not evolve

in this way, and we recognize that the

differences in kinship systems are an

index to role behavior and attitudes

toward relatives, rather than a reflection

of the stages of family development.

However, this reissue of an old classic

provides an excellent sourcebook for

those interested in cultural evolution,

social organization, and the history of

anthropological theory.

Ruth S. Freed
New York University

A Continent for Science, by Richard

S. Lewis. The Viking Press, $7.95; 300

pp., illas.

ANTARCTICA IS the last of the contin-

ents to be occupied by man. It has

been only seventy years since the first

man set foot on its mainland, and only

ten years since men began to live there

continuously. In this brief span it has

proved so valuable as a scientific labora-

tory that, barring a catastrophe, pres-

ent occupation will surely be permanent.

There is a need for a concise history of

Antarctica. That need is only partly

filled by this attractive book. The author

is a newspaper reporter who has visited

Antarctica twice and who has read a

number of scientific papers and maga-

zine articles about the area. He presents

many facts, but they are often imper-

fectly digested.

The most successful part of the book

is the history of the continent from the

time its existence was first conjectured

by the Greeks to the beginning of its

occupation in 1955. There are some ex-

cellent photographs by Herbert G. Pon-
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ting of the Scott expedition in 1911-12,

but in the text some of the most interest-

ing details of the story are omitted. For

example, in describing the race between

Scott and Amundsen to reach the South

Pole, the author gives no explanation

of the comparatively easy victory of the

Norwegians and the fatal failure of the

British. (The difference probably lay

not just in the Norwegians' superior

mastery of logistics but in their willing-

ness to kill and eat their surplus dogs

as their other supplies were used up.)

A once-over-lightly treatment is ap-

plied to the vast scientific work of the

last decade in the fields of glaciology,

geology, meteorology, biology, and up-

per atmosphere studies. The maps do not

help; they are poster-like and devoid of

detail. The modern photographs have

been drawn primarily from the publicity

files of the U.S. Navy. Many of them are

excellent, but their connection with the

text is tenuous.

The last chapter deals with the effects

of the Antarctic environment on man,

and it demonstrates the necessity for ex-

perience and judgment in evaluating

data. In the United States Antarctic pro-

gram, such supporting functions as

transport, communications, and supply

are performed by the Navy, and the en-

vironment at U.S. stations is more naval

than polar. Men can easily spend the

entire winter in one of the Antarctic sta-

tions without ever going outside. They

eat better-than-average mess hall food,

attend daily movies, and listen to record-

ings. Thus, it is neither surprising nor

significant that "there is no evidence of

physical changes that would indicate

a polar adaptation in wintering-over

personnel."

Although the author sometimes fails

to weigh his facts, the facts are there,

the photographs convey the atmosphere

of the place, and in the absence of a

more authoritative book, this one must

be acknowledged as the best non-tech-

nical introduction to Antarctica's past

and present.

David Linton
Polar Photographer-Writer

Portrait of a Desert, by Guy Mount-

fort. Houghton Mifflin Co., $10.00; 192

pp., illus.

SCHOLARS tend to take a rather dim

view of "popularly"' written ac-

counts of scientific research projects.

This is most decidedly the case with

those written about brief trips to the

Near East, where enthusiasm often be-

clouds facts. Yet I must be effusive in

praise of Mr. Mountfort's most recent
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volume—and of its solid scientific va

for the general reader.

This relatively short book repres

another in a series of word "portra|

that Mountfort has published about

natural sciences. It is a popular repoi'

the results of a short, but most intens

twelve-man survey of the desert sec

of the Hashemite Kingdom of Jori

The mission of the expedition, which
|

organized by Mountfort, was the sci

tific investigation of the present

logical situation of the area, in prepj

tion for broader studies proposed jjli

the International Biological PrograiriB*

Not only was the basic purpose of

expedition achieved; its ancillary j|

ings are of utmost importance, as ^

The group was composed of >!{

equipped specialists representing

logical science, ecology, conservat

ornithology, and history, and outstji

ing photographic personnel—all

whose individual skills are ably ir

preted by Mountfort's writing talentJi

technical knowledge. The volume pr

once again the values to be gained i|

such interdisciplinary approaches in

entific studies. The author emplo^

personal approach to his subject maTl

which gives the necessary contir

through the itinerary and schedule o

mission. Thus the reader is able to
'

ticipate both in the gathering of the ti

and in the actual life of the exped

as it worked in the field. The desi

tions border upon the dramatic, t

cially in regard to bedouin life

customs, but also in terms of the w
life of the desert—its flora, its fauna

the awesome aura that pervades

This same dramatic element is cai

into the descriptions of the archeoloj

and historical sites visited in the co

of the work. It is only here that I i

interject a slightly negative note,

historical and archeological inform

supplied, here and there, is somet

uncritical. For example, the ident;

tion of the Nabataeans with the Neba

of Gen. 25:13 is completely unten

the rock-cut "temples" of Petra an"

tombs. Sir Julian Huxley was not

first to publish photographs of Petiii

color, and the "Nabataean" po r

sketched on page 122 includes an'

Byzantine lamp. However, even a n

cialist in Nabataean studies will foiv

the author a great deal in return foii

word picture of Petra!

Sympathy also colors the author's

ing for the modern social and polii

life of Jordan, illustrated by the int

and activity of King Hussein's go',

ment in the land, its heritage, anc|

need for its conservation. Sociolo|

problems are related to ecological

and an approach is made, via scieiil

ecological analyses, for their soluU

At the same time that this booklij

continued on pat
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Locomotion

Without Limbs
Diverse mechanisms propel snakes on land

By Carl Cans

SNAKES have traditionally represent-

ed objects of mystery to man.

Their poison and, equally, the confus-

ing "legless" way in which they move

suggested that they were possessed of

supernatural powers. Until fairly re-

cently, naturalists used the name snake

for any legless reptile, including am-

phisbaenids and the various limbless

lizards. Such a classification is still

popular among non-specialists and

country people.

The diverse mechanisms by which

such limbless animals move remain

subject to argument and discussion.

Only now have quantitative studies

begun, and some of the points of con-

tention been clarified. As might be ex-

pected, various locomotor patterns are

used by the approximately four thou-

sand limbless species.

Many questions may be asked about

these patterns. The obvious ones are:

What are the mechanisms by which

limbless vertebrates move? Is there a

single underlying principle, or does

each group move by a distinct meth-

od? What are the relative advantages

and disadvantages of the methods?

For what condition is each adapted?

Is there a definite sequence by which

one movement may be changed into

another? A last question may then

take us back to the basic problem:

Why and how did these animals be-

come limbless in the first place?

At least the first of these questions

belongs in a research area known as

functional morphology, a field that

deals generally with the mechanisms

of external and internal animal move-

ments. It usefully combines aspects of

Python supported by looped tail and

braced against a tree symbolizes this

animal's muscle strength and control.

anatomy and physiology with concepts

from some areas of mechanical engi-

neering. It is thus necessary to review

certain physical principles to under-

stand limbless locomotion.

Friction will be shown to be the key

to an understanding of the changes

observed, so we must begin with New-

ton's first law of motion, which states

that a body at rest will remain at rest

and a body in motion will remain in

motion at a constant speed in a

straight line, unless acted upon by an

external force. An ice skater uses the

practical application of Newton's law.

He digs in the tips of his skates and

pushes himself off to start, and tilts

his skates when turning so that their

sharp edges let him exert a sideways

force that keeps him from slipping.

Yet a speeding skater will slow down,

even on smooth ice, unless he keeps

pushing. The slowing effect is pro-

duced by the pressure of the air

against the skater's body and the slight

rubbing of the skates against the ice.

Both involve aspects of friction, which

may be defined as an interaction be-

tween two bodies moving past each

other—an interaction that produces a

force parallel to, but opposed to, the

direction of motion. The application

of the skate's tip or edges to the ice

may then be thought of as a device

for increasing the normally low fric-

tion between the skate and the ice. In

the same way, an animal must exert a

force against the substratum either to

start moving or to accelerate. Similar

forces, but in different directions,

must be exerted to decelerate and to

change the direction of motion.

Long ago, it was observed that for

ordinary conditions the frictional

force is generally proportional to the

force, pressing the two surfaces to-

gether. This is why it is easier to slide

an empty trunk across a floor than a

full one. The amount of frictional

I I
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force is also a function of the texture

of the surface. After all, it is easier to

slide one's finger across a smooth table

top than across a cinder block. Com-

bining these terms we may state that

the frictional force is: F ^ k F,,, in

which Fp is the force pressing the sur-

faces together and k the coefficient of

friction reflecting the texture of the

surfaces and similar aspects. The fric-

tional force may then be increased

either by increasing the force holding

the surfaces together or by increasing

the coefficient of friction. This is why

one must grip harder to hold a full

glass than an empty one, and why

more holding force is needed to lift a

smooth ceramic object between two

fingers than to lift one that is unglazed

and rough-textured.

IN
considering the above equation,

it is interesting to note that it does

not contain a term for the area in con-

tact. Frictional force is independent

of the size of the surfaces. It is theo-

retically unimportant whether a uni-

form slab is pushed across a table

while resting on its end, its narrow

over surface is constant, regardless of

the areas of the contacting surfaces.

side, or its wide side ( drawing, above)

.

Factors other than surface compo-

sition and texture also affect the co-

efficient of friction. Engineers thus

talk of static, sliding, and rolling fric-

tion. The first two of these may again

be visualized on the basis of a simple

model in which the two surfaces are

exceedingly rough, populated, as it

were, with peaks and valleys. When
two such surfaces are pressed together,

the peaks and valleys interdigitate,

that is, the peaks of one drop into the

valleys of the other. This poses a prob-

lem when force is exerted to slide the

surfaces past each other. Work must

be done to separate the surfaces before

they are free to move in parallel. The

peaks act as inclined planes during

this movement, which is partly directed

against the force pressing the surfaces

together. This explains the propor-

tionality. Once the surfaces are mov-

ing, they remain in limited peak-to-

peak contact if the velocity is sufficient

to keep the peaks from slipping into

the valleys. The force that must be

exerted for separation is generally

greater than that needed to main-

!

i

:(

tain motion; thus, the coefficieij

of static friction is generally se'J

eral times that of sliding frictioi|

The term static friction refers to tlJ

force that is potentially required IM^

initiate slippage. Such a force neel

exist only at the moment that moticll

starts (in contrast to the force of slii|l|

ing friction, which must act contin'

ously to let motion continue). Tl

force of static friction defines a regie

of lesser forces, no one of which wouj

allow movement to take place.

The third and special case involve

the so-called rolling friction. When
wheel rolls over the ground, there wi

ideally, be no relative motion betwet

wheel and ground at their conta

point. The wheel may thus be co

ceived as an infinite number of litt

feet placed one in front of the othe

and replacing each other in stationa;

contact with the ground, although tl

center of the whole unit steadily a

vances. (A bulldozer tread in acti(

suggests a deformed wheel in slcj

motion. In such a system there is actj

ally no friction between wheel ai

ground as long as the wheel is turnii

freely.) Only when the wheel begi.j

to move so fast (or slow I that its low J

edge slips on the ground is there sor

approach to sliding friction. Y,

whenever the wheel is kept from tur

ing, the contact zone between the low

edge and the ground yields the fi,

static or sliding friction. This explai

the drastic results when a railro;

coach bearing freezes.

Thus far, the discussion has de;

with contact between two solid objecj

Frictional coefficients will, howev(|

be reduced still further by the intiij

duction of an intermediate layer,

so-called lubricant, between the Ui

surfaces. Such a layer may consist

numerous, relatively small, solid p<(

tides or of various liquids and gaS'

Such lubricants must coat the surfac.

and keep them apart so that their hi

points cannot touch each other. T

slippage then occurs entirely wit!

the fluid, and the observed friction i:

function only of its viscosity, or of t



with which the lubricant par-

s slip past each other.

n excellent demonstration of the

;t of lubricants is displayed by the

'skater. The "frictionless" glide of

le over ice is not pure sliding fric-

I. It is caused by the lowering of

(freezing point of water as pressure

'eases. As the narrow tip of the

le begins to exert weight upon the

a narrow zone is loaded until its

Izing point is below the temper-

e of the ice, which melts. Skate

' surface are then separated by a

of water that lubricates and dras-

ly reduces the friction coefficient.

now becomes possible to take a

ook at actual patterns of locomo-

. We know from the fossil record

all terrestrial vertebrates derived

1 some kind of fishes, and the loco-

!)r pattern of fishes possesses cer-

aspects that reflect on the patterns

[
in more advanced forms. There

iome argument among ichthyolo-

i whether the kind of undulating

motion seen in an eel, and often

iidered typical, is truly primitive,

e it has been suggested that the

iest forms must have propelled a

lively stiff anterior head and body

curving, lateral movements that

I5 restricted to a more flexible tail.

'ing evolutionary processes, such

Iral movements extended anteriorly

he body armor regressed or the

!y became more elongate,

ail wagging was caused by alter-

!: contractions of the left and right

'cle masses. As the zone of bending

kme longer, there would have been

ndency for a sequence of contrac-

, rather than simultaneous contrac-

of the muscles on each side. Such

liential contraction of serially ar-

jed muscle units is common in

t lower vertebrates and inverte-

:es, and reflects a fundamental pat-

in the muscle control mechanism,

i simplified "programing" now

ds staggered waves of muscular

ractions that move from head to

The site of maximum contraction

Total force, as snake moves by peg,

is result of reaction and friction—

of muscle fibers always corresponds

to the site of maximum relaxation, or

stretching, of the units of the opposite

side. It is obvious that the zone of

maximum contraction will generally

correspond to the portion of the trunk

that shows the greatest concave curva-

ture. In fishes, the axial muscle fibers

are relatively short. They attach to

myocommata, or connective tissue

plates, that run out in a complex pat-

tern from the level of each vertebra.

(Their arrangement can be studied

while dissecting a broiled trout.)

When the fish is relaxed, the muscle

fibers generally lie in parallel with the

long axis of the trunk. The bending

of the trunk occurs by a principle that

has been likened to the bending of a

bimetallic strip. Two plates of differ-

ent metals are pinned together at their

ends. As one changes its length relative

to the other, for instance, the combi-

nation bends toward the shorter one

because of different coefficients of

thermal expansion. Similarly, the

Four views show that curvature of

fish's body is produced by muscle

contractions that move alternately

the lateral and longitudinal portions.

Latter will decrease as friction rises.

trunk bends toward the contracting

side. The folding of the muscle septa,

then, relates to matters of muscle

packing and to other structural con-

siderations, and is not directly in-

volved in the bending process.

What is the nature of the forces that

propel the fish? As its tail swings from

left to right (in the most simple sit-

uation), its posteriorly pointing sur-

face tends to displace or exert a force

against the water. This force is in-

duced in direct opposition to the mov-

ing side of the tail, W'hich is then at

an angle to the direction of the ani-

mal's long axis. The force, summed up

from all the tail areas involved in dis-

placing water, may be resolved into

a vector at right angles to the animal's

long axis, and one in parallel with it.

The reaction to the first will tend to

swing the fish's body about its center

of gravity; the second is the propel-

ling force. The former force may be

compensated for by medial stabilizing

fins that reduce the swing of the fish's

down sides from head to tail. The
reaction to backward movement of

the waves pushes the fish forward.



head, or the body may form two or

more waves that push against the

water simuUaneously, so that the re-

sultants compensate to some extent.

While the force induced at the mov-

ing surface is theoretically at right

angles to the direction of motion, it

is almost always deflected by surface

drag or friction. Since the tail is

sweeping through a fluid, the friction

is relatively low, but it is nevertheless

important, particularly when the fish

moves at high speeds. The frictional

force provides a vector that acts in

parallel, but opposite, to the force in-

ducing motion, thus reducing the drive

and requiring additional energy for

equivalent propulsion.

Quite early in their evolution, fishes

developed paired lateral fins, appar-

ently for steering; fins that later

served for propulsion. At some point

these fins became modified into limbs,

providing one of the adaptations that

permitted the successful invasion of

land—a fascinating story that we can-

not go into here. It is interesting, how-

ever, that the basic movements of these

limbs were controlled by a modifica-

tion of the old sequence of alternating

contraction waves—a sequence that

stayed in the animal's nervous system.

IT
is generally supposed that the

earliest terrestrial vertebrates

pushed themselves out of the water on

their bellies, as do salamanders and

some fishes. The propulsion force was

furnished by the ends of the limbs that

scraped along the surface. The fric-

tional force available for each foot was

then proportional to the force pressing

foot against ground, or to the portion

of the animal's weight lifted by the

limb at the time. Since the lifting; of

^

\

Different number of indicator pegs,

like that at far right, influences the

the animal's body also reduced sliding

friction between belly and ground,

there existed a double selective advan-

tage for muscles that could lift the

trunk during the entire locomotor se-

quence. Such lifting required balance,

and the coefficients of static friction are

always higher than those of sliding

friction, so there were then two further

advantages for maintaining the ends

of the appendages in fixed contact

with the ground. These were probably

the major factors that produced the

selective advantage for a more effec-

tive walking sequence.

At this point the perceptive reader

is undoubtedly asking about the need

for this digression. After announcing

our intention of analyzing limbless

locomotion we have taken an aside

into the problems of locomotion with

limbs. The reason is simple. The struc-

forces exerted by a snake in cont

with them. Note that the magniti*

ture of an animal cannot be unde

stood by examining only its preset

functions, mainly because the stry

ture retains remnants of past fun

tional influences. Because the stru

tures that an animal may utilize ai

modify through natural selection mi!

already be present when the nei

arises, past selective needs and psi

structures remain important to oi

understanding. An example is giviH

by the paired fins, whose existeny-

provided a simple set of structures tlAi

could be modified into walking limlf ',

A less obvious case derives from t .

need for raising the trunk above ti

ground while the animal, no Ion;

buoyed by the water, is exposed to t

full effect of gravity. This need furth

complicated the tasks of the vertebi

column, which in water had to res

compression and bending, but lit)

i.
\

I
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3 lateral forces increases with

iinber of pegs that are touched.

ar or torsion—forces that tend to

ft the axis of a section of the column

itically or laterally, or those that

d to twist that axis. The different

ds of cantilevering and other types

suspension from the shifting, asym-

lltrical, supporting points of the

lbs gave the animal the capacity to

1 hstand shear and some torsional

I es. This selective need was met by

1 fusion of what were originally

iselv articulated components into a

ies of vertebrae, and by the hyper-

phy of various lateral articulations

ween successive vertebrae. These

nges allowed highly controlled

ds, making possible such later spe-

izations as constriction in snakes
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.^hile certain of the vertebrates util-

l their limbs for invading the land,

ae of their descendants lost their

limbs after the successful invasion.

This loss seems to have occurred

under only three headings: modifica-

tions for swimming, modifications for

moving through grass tufts, and modi-

fications for burrowing. These share

three characteristics: the loss of limbs

occurred in response to a need to

streamline the trunk; the trunk became

more elongate; its axial muscles took

on some of the tasks of locomotion.

Yet only selection for burrowing is

generally assumed to have led to ani-

mals that have lost their external limbs

completely. Here belong some or all of

the caecilians, snakes, amphisbaenids,

and lizards.

All of these limbless or near-limb-

less forms can move by lateral undula-

tions. It is thus an obvious assumption

that this is the basic or primitive pat-

tern, particularly as it is also found

in a variety of limbed, but elongate-

bodied animals such as skinks. and in

such animals as crocodiles, which use

it during their downhill escape move-

ments. Further support for the as-

sumption is provided by eels, which

use lateral undulatory motion when on

land, and by snakes, which generally

shift to the fish type of undulation

when they enter the water.

Lateral undulatory motion on land

is similar to that described for elon-

gate fishes. Both are based upon alter-

nate waves of muscular contraction

that pass down the sides of the animal.

However, in the terrestrial pattern the

bends are markedly influenced by the

topography of the ground instead of

being of constant amplitude. Both

lateral contact and locomotor force

application are restricted to specific

MoriON-PicriiRE stills show a snake

moving across a board equipped with

sites, rather than being continuous

over the posteriorly facing aspect of

the animal. The most casual observer

can distinguish between this contact

and force by noting the difference

between the rate at which waves travel

along the animal's body and the rate

of travel of the animal itself. In fishes,

the former is always faster. In con-

trast, a snake moving in a constant

direction across a horizontal pegboard

sets up a definite pattern of curves

ordinarily traced by every part of its

trunk. Superficial inspection will not

indicate any motion at one particular

fixed point; only the head and tail

show obvious movement. When a uni-

colored or striped snake travels in tall

grass, where only part of its body is

visible at any given moment, it does

not give an impression of motion even

when passing at high speed.

THE forces exerted during lateral

undulatory locomotion are of two

kinds. The animal's weight induces

forces upon the substratum via the ven-

tral surface. Since the snake's mass is

constant, the frictional force induced

by the weight may only be varied by

modifying the coefficient of friction

between the ventral surface and the

ground. This selective effect seems to

be responsible for the development of

the smoothly overlapping ventral

shields of the various forms that use

this method for surface locomotion.

The propulsive forces of lateral un-

dulatory motion are exerted at the

points at which the sides of the animal

touch lateral irregularities in the en-

vironment. That propulsive forces are

exerted only against such vertical and

low-friction indicator pins. Even a

slight contact causes pins to rotate.



Arboreal snake may use same contact

points to exert forces that support

laterally placed contact points can

easily be shown by placing a startled

snake on a very smooth surface. It will

go through a rapid lateral undulatory

sequence. As in a fish, the waves will,

however, pass down the trunk at a rate

much higher than that of forward

progress, which will be zero. At their

contact points, the body curves, or

loops, will exert forces directed at

some angle to the direction of motion.

Such forces will be resolvable into two
component vectors, one parallel to the

direction of motion and the other at

right angles to it. Only the first will

tend to accelerate the body or to coun-

teract the sliding friction between
ground and ventral surface. The com-
ponents at right angles tend to swing
the animal's body horizontally. Unlike

those of a swimming animal, the com-
ponents directed left and right need
not compensate perfectly; they would
have to overcome at least the effects

of sliding friction before they could

move the body. The relative propor-

tions of the two vectors, along the di-

rection of motion and at right angles

to it, will be adversely affected by
friction at the contact points; friction

is thus again disadvantageous. The
effectiveness of lateral undulatory

movement also decreases as the ver-

tical discontinuities against which the

animal is pushing become more nearly

parallel to the direction of motion. The
individual loops must transmit the

forces posteriorly, rather than later-

i6

and accelerate its body as it moves
in direction shown by the open arrow.

ally, so they must contact these sites

along their anteriorly facing sides. A
snake is thus unable to travel by
lateral undulatory locomotion either

across a smooth, even surface or down
a narrow passage or tunnel restricted

by straight, parallel sides.

SOME years ago, J. E. Gray and H.

W. Lissmann of Cambridge Uni-

versity designed an elegant apparatus

demonstrating these facts and simul-

taneously indicating the force exerted

at each contact point by an animal
traveling by lateral undulatory loco-

motion. They suspended a regular

grid of pendulums over a smooth plate

that would offer minimal friction with

the ventral scales of their snakes. The
magnitudes and directions of the

movements by the pendulums, or sus-

pended pegs, were directly proportion-

al to the magnitudes and directions of

the forces exerted by the loops contact-

ing them. Motion pictures of snakes

traveling across this surface gave ex-

cellent indications of the size and di-

rection of the forces exerted during
progression.

These and some other experiments
confirm that snakes have a remarkable
latitude in their selection of the num-
bers and sites of fixed points. During
progression, the animal's anterior end
forms alternating bends that travel

laterally until they touch objects

whose deflection with applied force is

sufficiently low to meet some sort of

internal standard. Actually there iJ

minimal information about the cril

teria utilized by an advanced limbless

form, such as a snake, in its selectior

of the number of points against whicl

it will induce propulsive forces, in its

determination of the sites where it wil

form standing loops, and its charac

terization of the number and the di

ameter of the loops. We know ever

less about the effect of any and all o

these factors on the animal's rate o

energy consumption during travel, h

few preliminary observations do sug

gest that the rate of energy expendi

ture goes up with the number of latera

contact points.

The axial musculature of the vari

ous limbless forms has been drastic

ally modified. Instead of masses o

short muscle fibers, as in fish, eacl

corresponding in length to that of

vertebra (or rather to the distanc

from the center of one vertebra to th

center of the next) , one observes com
plex and involved patterns, some char

acterized by muscles arranged i

series and spanning fifteen or mor
vertebrae. It is tempting to generaliz

that these arrangements permit lonj

smooth bends of the trunk, but w
actually know next to nothing abou
the detailed ways in which they func

tion. Only the general structural pa:

terns of this exceedingly complex syf^

tem have been described thus far.

Snakes and some lizards have modi
fied the lateral undulatory method ani

use it when traveling through densT

grass and over inclined branches. Hei^

the animal's ventral surface need nq

make direct contact with a substratum

but the weight can be transmitted an|

the propulsive force induced diagona

ly through two or more identical coJ

tact points. While the analysis of forca

is slightly more complex in such a syl

tem. there is little fundamental dil

ference between it and the regulJ

lateral undulatory pattern. What is rl

quired for its successful use is prof
ably a slighriy greater level of nervoif

control. This is particularly true f(j

those elongate tree snakes that seem I

move at high velocities through bushjj

and the tops of trees, always resting :

seemingly precarious balance at anglj

to a succession of swaying twigs.

{To be concluded in March)

Black rat snake uses concertinal

lateral undulation movements
climb. Force is exerted laterall|

snake's ventro-lateral keels on
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lush growth of plants that have come from around the

globe can be seen through arch of the ancient abbey.



Subtropic Flora Thriues on

SDth Porollel

I HE Isles of Scilly comprise an archipelago of more

than two hundred rock formations in a 45-square-

mile area. Of these, only forty can be called true is-

lands. They are located on the 50th parallel, 28 miles

southwest of Cornwall on the English mainland. At

the present time, only the five largest islands are in-

habited: St. Mary's, Tresco, St. Martin's, Bryher, and

St. Agnes. The total population of the islands is 1,800,

of whom some 300 live on Tresco, the second largest

and, possibly, the most interesting of the group.

From evidence gathered in archeological excava-

tions, it is thought that the Scilly Islands probably

were known to the Greeks and Romans. They may
have been the Cassiterides of the Phoenicians or the

Hesperides of the Greeks—both reported as "tin is-

lands," when tin was mined in Cornwall. Herodotus

spoke vaguely of the islands in the fifth century B.C.;

later they were mentioned by Poseidonius, Strabo,

and Diodorus.

King Athelstan conquered the Britons of the west

in A.D. 925, and about three years later brought the

islands under his rule; on Tresco he established the

Benedictine cell of St. Nicholas. Later in the same

century. King Olaf of Norway visited Tresco and,

according to tradition, was converted to Christianity

by a hermit. The recorded history of the islands

began in the reign of Henry I. The earldom of Corn-

wall held approximately half the lands of Scilly from

the beginning of the fourteenth century, and in 1547

sold them to Sir Thomas Seymour. Through him the

moiety fell to the crown. The islands sheltered Prince

Charles in 1645 during the Civil Wars, and remained

a Royalist stronghold until the Restoration. Fortifi-

cations were constructed as the islands gained in

military importance during the numerous wars with

France and Spain in the sixteenth and seventeenth

centuries, and when Spanish ships followed the new
trade routes to the New World.

When the tensions eased between England and

her continental neighbors, the islands retreated into

obscurity. The inhabitants became occupied with

fishing, farming, and, more particularly, with their

main industry of burning kelp, an essential in the

manufacture of soap and glass.

In 1687 the whole of Scilly was granted to the

Godolphin family. The lease was renewed once be-

fore a dispute arose between the Duke of Leeds, a

descendant of the Godolphins, and the lessor, the

by E. JHUORSKV
lllain abbey and garden entrance are at the end of drive

lined by jungle-like border of rare shrubs and trees.
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From the top terrace, "Neptune" faces southward to the

sea and the two islands of St. Mary's and St. Agnes.

Panorama of subtropical growth, above, makes i^

appear to be near Equator instead of ofi English i



Hailed garden east of the abbey ruins contains banana
rees, below, with auratum lilies growing beneath them.
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Temperate climate is caused by direction of the North

Atlantic Drift, northeastern current of the Gulf Stream.

The Croujth of an Idea

duchy of Cornwall. Dissatisfaction with the duke's

administration led to the appointment in 1831 of a

new Lord Proprietor, Augustus Smith, a young man
who owned considerable property in Hertfordshire

and Buckinghamshire. Under the crown he held a

99-year lease for which he paid 20,000 pounds, 40

pounds annual rent, and "some stipends." Why
Smith became particularly attracted to Tresco is not

known, but he built a house there near the ruins of

the old Benedictine abbey.

In 1843, he inadvertently started the Tresco Abbey
gardens. Until that date, Tresco had been without a

tree or a bush. The new landlord began to search for

plantings that would stand up against the strong

winds and salty sprays of the Atlantic. He gradually

found them, and under their protective cover, small

farms and lush foliage began to prosper. He carried

out many recommendations suggested by the duchy

of Cornwall, but for the most part he applied his own
ideas of reform. Some of these were far in advance

of the times. For example, he brought a compulsory

educational system to the islands more than forty

years before one was introduced on the mainland.

Courses included reading, writing, arithmetic, the

Scriptures, geography, and history. Smith was proud

that his people could read and write. However, he

enforced his ideas tyrannically, and apparently he

was heartily disliked.

Mr. T. A. Dorrien-Smith, who was Augustus

Smith's nephew and heir, continued to create new and
better living conditions through economic develop-

ments. He established commercial flower growing,

going to Holland to purchase large numbers and
varieties of bulbs in order to find the species that

would grow best on Tresco. At the same time, a

21



Horticultural nccident

Bright orange Alstrocmeria, above, comes from Mexico,

Flattened against a wall, left, are giant houseleeks that

form a blanket of gray-green rosettes. The taller of the

two palm trees. Dasylirion acrotriche, right, is about 120

years old. Seen directly behind the palms are specimens of

the subtropical monkey puzzle tree, Araucaria araucana.

fast-growing and wind-hardy specimen of Monterey

pine (Pinus radiata) was planted to protect the

wind-blown fields. Today, growing and propagating

daffodils is one of the most important of the island

industries. During February and March, all English

cities are supplied with Soleil d'Or, Magnificence,

and Scilly Whites from neat fields edged with clipped

hedges of karo (Pittosporum crassifolium) , from

Australia, and the spindle tree {Euonjmiis euro-

paea) , from southeast Asia, which provide shelter.

In 1929, Major A. A. Dorrien-Smith, who inherited

the property, signed another 99-year lease (now held

by T. M. Dorrien-Smith). During his leasehold, the

fruits of the previous years of labor and experimen-

tation began to show, and Tresco Abbey gardens

started to acquire their present subtropical magnifi-

cence. Major Dorrien-Smith, who eventually became
a noted horticulturist, sailed to Australia, New Zea-

land, and South Africa to bring home more trees

and shrubs that would flourish on Tresco—and
flourish they did, although the soil is sandy and the

annual rainfall is just 32 inches. The reason is the

North Atlantic Drift, which encircles the archipelago

and is responsible for the mild climate and the gently

cooling breezes that bring in the moist air required

for the success of subtropical vegetation. The tem-

perature on the islands ranges from 71° to 35 °F.,

and seldom drops below the latter point—a rare con-

dition indeed on the 50th parallel, which on the

North American continent runs through Winnipeg,

Canada. The northwestern shoreline of Tresco is

mostly rocky, but all of the southwestern and eastern

parts of the island are edged with beaches of sand as

white and fine as that on islands in the Caribbean.

In the abbey gardens one finds a unique collection of

flowers, shrubs, and trees from all corners of the

Southern Hemisphere. Here grow varieties of the

cabbage tree (Cordyline) from New Zealand, and

the bottlebrush {Callistemon) from Australia; the

great borages (Echium) from the Canary Islands and

Madeira; the cape olive (Elaeodendron capense)

from South Africa ; a South American species of the

monkey puzzle tree (Araucaria braziliana) ; huge

succulents—aloes, agaves, and yuccas from Mexico;

palms (Chamaerops excelsa) from China; Grecian

lavender (Lavendula stoechas) from the Mediter-

ranean; and aromatic blue rosemary [Rosmarinus

sp. ) from the hills of Tuscany. These are only a few

of the hundreds of plants from many continents that

grow here and propagate freely.

The charm of the abbey gardens makes them a

mecca for horticulturists, plant lovers, or simply

those people who wish to escape—even temporarily

—

from the cares and tensions of day-to-day living.
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Early Mapping of the
j

Land and Sea
ASTRONOMY WAS THE KEY
by GEORGE A. ROTHROCK

For centuries, men have recog-

nized the usefulness of maps.

AUhough no examples of ancient

Greek maps survive, Herodotus,

Aristophanes, Democritus, and Hip-

parchus all mentioned them, and by

the time of the birth of Christ a num-

ber of geographic and cartographic

theories had been advanced.

The most notable of the ancient

map makers was Claudius Ptole-

maeus, better known as Ptolemy,

whose labors spanned the years from

about A.D. 127 to 151. Mathemati-

cian, astronomer, and geographer,

he also wrote on astrology, music,

and optics. This versatile, early

scholar produced two books of great

significance to Western scientific

thought—the A Imagest and the Geo-

graphia. The former dealt with the

earth's position in the universe and

was one of the primary foundations

of geocentric theory; the latter was a

comprehensive geography of the

known world.

Ptolemy's Geographia was not

highly original in concept. Chiefly,

he organized earher ideas into a com-
prehensive system and then applied

that system. He borrowed the idea of

latitude and longitude from Hippar-

chus; from other writers he adapted

a list of geographical names. In the

sixth century B.C., Pythagoras had
advanced the theory that the earth

was a sphere. Slowly his hypothesis

won adherents, and a number of the

ancient Greek astronomers and phi-

losophers attempted to estimate the

earth's circumference. In the third

century B.C., Eratosthenes, an able

student of science, made a calculation

based on sight angles of the sun from
points that were a known distance

apart on a north—south axis; he pro-

duced a measurement of 25,000
miles (the circumference actually is

24

24,902.39 miles at the Equator)-a
remarkable result, considering the

hmits of his instruments. Little more
than a century later, Poseidonius at-

tempted a similar measurement, us-

ing a star as his reference point. Al-

though there were some problems in

the experiment beyond his under-

standing, a reasonably correct result

was announced: approximately 24,-

000 miles. However, Ptolemy took

the reports of these experiments

(which he did not verify) from

Strabo, a writer of the early first cen-

tury A.D., and Strabo had erroneously

reported Poseidonius' figure as 18,-

000 miles. Ptolemy copied the error

and used it as the basis for his geog-

raphy. This error—one of several that

made many of his later conclu-

sions defective—vastly contracted the

earth, and played no small part in

launching the voyage of Columbus
1,350 years later!

Ptolemy's summary of the role of

the cartographer was "to survey

the whole of the world in its just pro-

portion." This necessitated observa-

tions and mathematical calculations,

and Ptolemy used both. He estab-

lished a prime meridian near the Ca-

nary and Madeira island groups, the

westernmost known land; he then

worked eastward from this meridian.

At the same time, using travelers'

estimates of distances, he calculated

westward from his own city of Alex-

andria in Egypt. With an astrolabe—

a primitive ancestor of the sextant—

to determine latitude, and only dead

reckoning to estimate longitude, Ptol-

emy established the positions of eight

thousand places. In the Mediterra-

nean, his inaccuracies were minor

—

chiefly the errors inherent in dead

reckoning. But distortions increased

with the distance from Alexandria,

as he rehed on travelers' accounts r

more distant places. Furthermo,

underestimation of the earth's c-

cumference magnified his mistak.

Despite these limitations, the O
agraphia was a monumental achic-

ment. From it derive such cartog-

phic practices as orienting maps wi

north at the top, establishing loi-

tions by latitude and longitude, ai

employing conic, spherical, orthog^

phic, and stereographic projectioL

Ptolemy's work, Uke so much f



Map by Mercator included examples of perpetuation

of scientific error, caused by Ptolemy's use of

miscalculations made by earlier mathematicians

.

Y-
intellectual product of the classi-

<!l world, was lost with the decline

' Roman civilization. It was not
iain influential until the mid-fif-

t:nth century, when it was rediscov-
f :d and rendered into Latin. At that
tile, Ptolemy's reputation was al-

I'ldy solidly established, for his

'^magest had been reintroduced to
*• West in the twelfth century and
\ s considered authoritative. Hence,
1 cartographic system spread rap-
iy, especially after the printing

press and engraving techniques made
illustrated editions possible. In 1477,

an edition of Geographia was issued

with maps printed from copper

plates, and in 1482, another edition

—including some "modern" items—
was published with maps done from
woodcuts. By 1500, seven folio edi-

tions had appeared, and thereafter

even collections of new maps an-

nounced themselves to be "after the

manner of Ptolemy"; usually they in-

cluded copies of maps "ascribed" to

Ptolemy to give the books authority.

Meanwhile, what of the thousand-
year gap between the dechne of

Rome and the rediscovery of Ptol-

emy? For the most part, medieval
maps were either highly diagram-
matic or were simply stylized

sketches, with little or no scientific

basis. Three-cornered diagrams of

the earth were used to represent the

three continents (Europe, Africa,

and Asia), the three seas, and the

Christian Trinity. Four-sided maps
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T in O map is from a tenth-century

Latin manuscript, and was the common
form for world maps in Middle Ages.

were also used, symbolic of the four

sides of heaven and the Four Gos-

pels. These must have been of smaU

help to travelers.

Also popular in the Middle Ages

were "T in O" maps. The evolution

of these is not altogether clear, but

they were based on a form that ex-

isted before Ptolemy. These were

circular maps oriented with east at

the top. Despite the improvements

inherent in Ptolemy's work, circu-

lar maps had continued to be widely

used among the Romans. The medi-

eval T in O probably derived directly

from stylized copies of these Roman
maps; the transformation is quite

comprehensible. A circular map of

the Mediterranean and Roman world

with east at the top produced a

rough T set in an O. The Mediter-

ranean formed the upright of the T,

while the Don and Nile rivers formed

the crossbar. The whole was sur-

rounded by the "ocean-sea," which

was assumed to enclose the land mass

and cover most of the earth. Unless

one were willing to believe that mys-

teries were usually coincidence, and

few men were willing to admit that,

there was a mystical significance to

the T in O form; the world wrote its

own initials, orbis terranim.

Not all medieval cartography

was so naive, but improve-

ments were usually of a limited na-

ture. There was no attempt at any-

thing with the scope of Ptolemy's

descriptions. Some travel maps of un-

determined origin were used, espe-

cially after the stimulus of the Cru-

sades; these usually took the form of

"ribbon maps." A road was repre-

sented, usually in a series of parallel

strips, so more could be placed on a

26

single sheet; on the road would then

be located the various castles and

towns that a traveler would see in get-

ting from one place to another—from

London to Jerusalem, for example.

Another practical development

was the production of compass and

portolano charts. The first of these

appeared about 1300, probably

the product of the great seamen of

Genoa. Essentially, they were coastal

charts, on which several compass

roses were drawn, and were definitely

the product of practical seamen, not

of academic geographers. (Compass
roses are simply compasses drawn on

maps, usually at a port or landfall

from which a mariner can select a

course to his next landfall.) It is not

known exactly when or where the

compass was first used, but by the

twelfth century it was becoming a

common device for navigation, and

the addition of compass roses to

coastal charts of this period produced

a useful navigational aid, although

they gave no accurate indication of

latitude or longitude.

When Ptolemy's Geographia was
rediscovered, the scope of the work,

the reduction to system, the sym-

metry and order, were all rather

breath-taking. The success of the

Geographia doubtless owed much to

factors that were really irrelevant

—

the growing enthusiasm for anything

classical and the author's well-estab-

lished reputation based on the

A Imagest. But when Columbus sailed

west, the Geographia was still far su-

perior to any other guide.

One has only to consider the maps
of a late medieval cartographer,

Leardo, which were executed in the

1440's and 1450's, to understand

Ptolemy's continued popularity. If

the general acceptance of Ptolemy

may be considered the beginning of

modern cartography, the Leardo pro-

ductions might fairly be called the

last medieval maps, for they were
only slightly influenced by Ptolemaic

ideas. Jerusalem stands at the center;

the land mass is circular, with east at

the top and water all around. The
Geographia had been rendered into

Latin shortly before Leardo's time,

and he must have known it, for he

borrowed from it a few place names
and some rivers in Asia that were not

present on earlier European maps.

Then, in the sixteenth century, a

number of important things hap-

pened to map making. More or

less simultaneously, Ptolemy's Get

graphia was widely circulated, ac

vances in printing and engravir

made possible the accurate reprodu 1

tion of inexpensive maps, and voi

ages of discovery produced a weal:

of new geographical knowledge.

By the mid-sixteenth century ma
geographers realized that the Ptoll

male map needed revision, but fej

assumed that major modificatiol

were necessary. Rather, most bi

lieved that Ptolemy was reasonabj

accurate in regard to the knovjj

world of his day; hence, what W(

needed was to extend his map to i

elude newly discovered lands. Sor

evidence was accumulating, howev(

that posed a fundamental challen

to Ptolemaic geography. In 157

Sultan Murad III of the Ottom
Empire had his lands surveyed, ai

he discovered that Constantinof;

was two degrees farther south thi 1

Ptolemy had stated. Some argumeri

were advanced that the earth's a;i

had tipped since Ptolemy's observ'

tions, but these were refuted whi

other points of latitude were check I

and agreed with the ancient calcu •

tions. In the case of Constantinop,

Ptolemy simply had been wrong.

Until the middle of the s-

teenth century the Italii

cities remained the chief centers f

map production, but in the latter hf

of the century the focus of the tra;

shifted north to the Low Countri,

first to Antwerp and then to Amst-
dam. This shift, of course, reflecll

the development of ocean explo-

tion. News of geographical c-

coveries came first to the Atlan:

ports—to Antwerp when the Neth-
lands was a dependency of is

Spanish crown, and then to Amst-
dam as the Dutch developed tbr

own empire. It was in these northii

cities that a number of famous c-

lections of maps were issued—mt
notably the Theatrum orbis terrar.n

of Abraham Ortelius (about 15')

and the significant A tlas of Gerarc s

Mercator (in 1595, a year after e

author's death).

As late as the sixteenth and ety

seventeenth centuries, however, e

problem of longitude posed a seei-

ingly insuperable obstruction to f-

cision in cartography. Instrument;if

sufficient quality existed to estab h

latitude fairly accurately from ce,!-

tial observations, but no one Id
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eclipses, in establisliing a set time

period against whicli local time could

be compared and the difference trans-

lated into degrees of rotation.

The combination of astronomy,

mathematics, and royal pohcy finally

produced scientific cartography in

France in the latter seventeenth cen-

tury. The goal was still that of

Ptolemy: to locate places by latitude

and longitude; "to survey the whole

of the world in its just proportion."

Until the middle of the seventeenth

century the scientific revolution had

been largely a matter of isolated in-

vestigators working at private proj-

ects on their own resources or with

the help of patrons. They often

lacked recognition; they usually

lacked resources; most of all they

lacked communication with one an-

other. The foundation of the Royal
Academy of Sciences in Paris, in

1666, put France very much into the

race for scientific achievement.

Through the latter part of the cen-

tury, scientists gathered here, were
given the best instruments available,

and Louis XIV paid the bill.

Although the T in O pattern is gone,

the land mass is still circular;

east is still at top. This world map
of 1448 is by Leardo of Venice.

The scientists of the Academy
were interested in many topics, but

one of the King's specific injunctions

was to improve maps and sailing

charts. The obvious problem was still

longitude, and the Royal Academy
group believed that extensive celes-

tial observation was the most promis-

ing direction for research. The found-

ing of the Academy, and the interest

its members evinced in astronomy,

crystalized another project that had
been under discussion for some time

—the construction of an observatory

in Paris. Work on the new building

was inaugurated in 1667.

Meanwhile, the men of the Acad-
emy had rediscovered the possible

utility of the moons of Jupiter, which
had been announced by Galileo fifty

years earlier. Investigation led to an-

other Italian, Giovanni Domenico
Cassini (1625-1712), and he was
soon invited to Paris. Born in a vil-

lage near Nice and educated by the

Jesuits in Genoa, Cassini was both

brilliant and energetic. In 1650, when
he was only twenty-five, he had been
appointed Professor of Astronomy at

the University of Bologna. There-

after he had been called upon by the

Pope and by the Senate of Bologna
to resolve numerous problems in as-

tronomy, engineering, and hydrau.

lies. Honors—usually entailing har|

work—were showered upon him. HJ
was appointed Superintendent of th'

Waters of the Po; Inspector of Forti

fications for Perugia, Pont Felix, ant

Fort Urbino; and Director of Water;

ways in the Papal States, while still

continuing as Professor of Astron

omy. His major interest, howevei

continued to be astronomy, and h
was particularly fascinated by th

planet Jupiter. With a telescope o

greater power and better resolutioi

than Galileo's, and an accuratj i

pendulum clock, Cassini intensively

studied Jupiter's satellites and pre-

pared new tables of their eclipses. Ii

1668, after sixteen years of prepara

tion, he published his work, Ephe
ijierides. One of the most importan

results was the invitation to Paris.

The largest single technical prob-

lem now confronting the as-

tronomers in Paris was the need foi

an accurate measurement of the earth

New celestial observations would be

of little value in mapping if astro-

nomically based calculations were re-

lated to an erroneous fundamental

value. Hence, a detailed project was

planned and, in 1669, work was be-!

gun under Jean Picard (1620-1682).'

Picard, a member of the College de

France, was known for his work in

astronomy and in instrument con-

struction. He was to use the method
of Eratosthenes, but with improve-

ments and much more sophisticated

instruments. He surveyed a north-

south line by triangulation and then

measured it by celestial observations.

All subsequent calculations of the

Academy were based on this new and'

very nearly accurate measurement.

When Picard's work was done, Cas-

sini assumed a primary role in the

mapping projects. In the latter

1670's, he began work on a large-

scale world map, 24 feet in diameter,

which he called a planisphere. It was

drawn on the floor of one of the

towers of the new observatory on an

azimuthal projection, with the North

Pole at the center. Meridians radiated

from the center at ten-degree inter-

vals, and the parallels of latitude were

laid down in concentric circles, also

at intervals of ten degrees. Although

this projection necessarily distorted

land masses, it provided a good plan

on which to establish precise loca-

tions of a number of places on the
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'earth's surface. Over the next few
• • years Cassini dispatched small
' parties to distant parts of the world,
' and recruited the occasional help of

men traveling for other reasons, to

! I collect data. Results came in from

Egypt, Madagascar, Siam, the Cape

of Good Hope, Goa, the Orient, the

West Indies, and the island of Cay-

enne off the coast of French Guiana.

The method used was relatively

simple in its concept, although not
' without technical difficulties in its ex-

ecution. The survey party would set

a carefully regulated pendulum clock

to local time, then use the eclipses of

the satellites of Jupiter and precom-

Copy of Cassini's planisphere is

I
by J. B. Nolin. 1696. The original

24 feet in diameter, was drawn

on floor of the Paris Observatory.

puted tables to establish Paris time.

The time differential could be trans-

lated into degrees of rotation between

Paris and tfie point of observation,

and with the new measurement of the

earth the degrees involved could be

translated into linear measurement.

Louis XTV, France, and the Ob-
servatory were well repaid for the

cost and effort of recruiting Cassini.

His Itahan patrons had not wanted

him to leave the country, and he had

finally moved to France for what was

supposed to be only a temporary stay.

But in 1673 he became a naturalized

subject of the King of France, and

was thereafter known as Jean

Domenique Cassini. He founded a

dynasty of astronomers and map
makers who directed the Observatory

for a century and a quarter, for he

was succeeded by his son, his grand-

son, and his great-grandson. The
Cassini family mapped France, di-

rected the preparation of important

new sea charts, and was influential in

the work that proved the earth was

not a perfect sphere but rather was

flattened at the poles. And the great-

est fame must be attached to the

founder of the Cassini family—Jean

Domenique, born Giovanni Domen-
ico, an international scientist, a

naturalized Frenchman, a product of

a great Italian tradition. But most im-

portant, he achieved the goal Ptolemy

had set fifteen and a half centuries

before him—he surveyed the whole

of the world in its just proportion.
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Reclamation of Israeli

Railway bridge in the northern Negev forms a link in the

railroad that takes Dead Sea products to the Mediterranean.

Photographs b;

THE Negev, the desert that con

prises the southern half of Israe

has been described as "a land of shar

contrasts ... of delicate flowers an

fierce bushes ... of rain in scarcit

and cisterns without number. . . .

Ranging from the northern Beer

sheba Plain to the mountains of cer

tral Negev to the sand dunes of th

south, this desert forms a triangl

between the Mediterranean Sea, th

Dead Sea, and the Red Sea. It rises ti

an elevation of 3,395 feet in its hilh

western region and drops to 1,292 fee

below sea level at Sodom in the east

Since the fourth millennium B. c.

the Negev has been an important linl

between East and West. Archeologist

Falling level of the Dead Sea, whici

has 25 per cent salinity and contain;
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Desert
'eter Merom

ave discovered four hundred ancient

Ites in the desert, and have deter-

lined that wars and economic catas-

ophes—not the weather—have been

ssponsible for the disappearance of

ivilizations. In Biblical times the

^egev was fertile and well populated,

nd ancient water conduits have aided

i)day's irrigation engineers.

I With a typical desert climate of a

(lort rainy season and a long, dry

jmmer, the reclamation of the Negev

; a challenge to modern Israel. To

lake the land suitable for agriculture,

idustry, and new settlement, pipelines

ave been laid to bring water from

iOrthern Israel. Ground-water springs

|re also exploited to the utmost.

\ large quantity of minerals, reveals

ees that were killed by the water.

Barley, planted by bedouins, grows in the northern Negev
despite low rainfall. Irrigation is now being introduced.
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A Land of Barrenness and Fertility
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Driftwood lies on the Dead Sea shore. The sea, at 1,292

feet below sea level, is Israel's greatest mineral source.

Desert horned viper, Vipera persica fieldi, is found in
the southern Negev. This is an extremely poisonous snake.

As for other natural resources, in

Deut. 8:9, Israel is referred to as ".
. .

a land whose stones are iron, and out

of whose hills thou mayest dig brass."

Minerals found in the Negev today—
often discovered through references in

the Bible—include oil, gas, phosphate,

iron, copper, gypsum, ceramic clays,

and glass sand. The saline Dead Sea

contains potash, bromine, and mag-

nesium chloride.

One of the most outstanding char-

acteristics of the Negev is its stark,

natural beauty. The photographs here

first appeared in Mr. Merom's recent

book. The Negev, published in Tel

Aviv by the Maariv Printing House.
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Butterfly, Vanessa cardui, rests on a bush at

Ein Gedi, one of the desert's new settlements. Acacias grow in the shadow of a hillside on
Sinai border near Eilat, a Red Sea port city.
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Invertebrate Learniiii
Octopuses prove receptive to complex training experiment!

By Martin J. Wells

COLORFUL, graceful, and intelligent.

Octopus vulgaris Lamarck is a

beautiful animal. It will live well in a

covered aquarium, given only a liberal

supply of clean, well-aerated sea water,

plenty to eat, and a heap of stones or

bricks to create a "home" into which
it can retire between explorations

around its tank. Once it has settled

down, the animal will spend most of

its time sitting in the home, seeming
to watch with interest everything that

34

is happening in and around its tank.

Octopuses appear never to sleep.

Anything that moves in the tank at

once attracts an animal's attention. If

it is smaller than the octopus, it will

almost certainly be attacked; the ani-

mal emerges from its shelter to stalk

the intruder, and finally leaps upon it,

covering the prey with the ^veb that

joins the eight arms. The food is car-

ried home to be eaten.

These animals have voracious appe-

tites—a small octopus will double its

weight in a month, if given the chance

—and in aquariimis they quickly ba

come tame. They even come out

their homes to "greet" people one

they have learned that, usually, peopl

mean food. Their preferred diet i

crabs, but they will also eat othe

crustaceans, bivalves, and pieces c

fish. Little octopuses are eaten by hi

ones, and, in general, the animals ar

antisocial, predatory, and better kej

apart in individual tanks.

As experimental animals they are c

great interest because of the ease wit

which they can be taught to make



1 ie range of visual, tactile, and taste

I criminations. If an octopus is given

Ijid as a reward when it grasps one of

t) objects that are exhibited suc-

cisively at the far end of the tank,

il a small electric shock (by means
( a probe, with which the animal can
1 touched under water) when it

't
isps the other, the animal learns in

( y a few trials to attack the one and
i lore the other. In this way, it can be
^ight to recognize figures of different

sipes—squares and circles, crosses

£f triangles—and to distinguish

£ ong different sizes of the same
s pe. It can also learn, for example,
ti distinguish between a square and a
c mond — the same shape rotated
t ough 45 degrees — or between the

sne rectangle shown vertically and
'izontally. Octopuses make many
sh distinctions rapidly, within a
r tter of twenty or thirty trials (indi-

^.uals vary somewhat, as one might

expect with any sample of intelligent

animals taken from a wild popula-

tion), and once having learned, re-

member for at least some weeks.

THAT the animals can so readily be

taught opens up a number of pos-

sibilities. For one thing, it is possible

to trace those parts of the nervous

system that are concerned in learning

by removing parts of the brain. Simi-

lar studies have, of course, been con-

ducted on many kinds of vertebrate

animals, and through the octopus work
we are now beginning to be able to

compare structure and function in the

brains of cephalopods and vertebrates

—two quite independent groups of ani-

mals—with results that should ulti-

mately tell us much about the organi-

zation of both. Alternatively, by
considering the problems that an oc-

topus can and cannot solve, one can

investigate some of the ways in which
the animals classify the various objects

they see or touch.

This second approach to brain func-

tion has formed the basis of a series

of experiments conducted during the

last few summers at the marine bio-

logical station in Naples. In these, oc-

topuses, blinded by cutting the optic

nerves, have been taught to distin-

guish by touch between objects they

grasp with the suckers on the under-

sides of the eight arms. The initial

purpose of the experiments was to

provide a basis for brain lesion work
on touch learning, by establishing

some simple discriminations that the

animals could carry out reliably be-

fore surgical interference with the

central nervous system. But, as so

often in research, the problem rapidly

developed a series of sidelines that

were interesting in their own right.

One of these was the discovery of a

distinct range of tactile discrimina-

tions that octopuses are apparently

unable to make. These failures are

particularly interesting in view of the

many other tactile discriminations

that are made without difficulty—not

only because they tell something about

the organization of the octopus itself

but also because they reveal, by impli-

cation, a general truth about the or-

ganization of the nervous systems of

invertebrate animals. It is the failures,

their implications, and the experi-

ments arising out of them that will be

discussed in this article.

First, however, let us examine some

of the tactile discriminations that oc-

I

topuses can be trained to make. They
can, for example, learn to discrimi-

nate among most of the cylinders

shown on page 37. But (and here at

once answers are found that at first

seem curious by our standards) octo-

puses apparently make these discrimi-

nations entirely on a basis of the tex-

ture, or roughness, of the objects

concerned. They do not, one finds,

distinguish between cylinders such as

A , B, and C that are alike in this re-

spect, and they seem quite unable to

detect that these equally rough objects

differ in other ways. Differences in the

orientation and/or the pattern of the

grooves cut into the cylinders, which
we can detect readily, apparently pass

undetected by them.

Octopuses can also be taught to dis-

tinguish between cylinders of different

size. But once again the results are a

little odd by vertebrate standards. For
instance, octopuses treat cylinders

made of bundles of rods stuck together

as being of the same size as their com-

ponent rods, rather than in relation to

their over-all diameter. The animal

evidently classifies the cylinders on

the basis of the distortion imposed on

individual suckers, rather than on the

degree to which its arms are bent

around the objects.

AS a check on this, octopuses trained

^ to accept cylinders of large di-

ameter and to reject small ones were

offered a series of rough- and smooth-

textured objects in a series of transfer

tests; they accepted the smooth objects

and rejected the rough. This implies

that texture is equated with diameter,

presumably because both are meas-

ured by the octopus in terms of the

distortion of its suckers.

As with the textural discriminations

already discussed, what happens at the

level of the individual suckers seems

to be all-important—size, like texture.

is apparently determined from the

degree of distortion caused by the con-

tact. Indeed, it is arguable that size is

a textural problem so far as octopus

touch sense is concerned.

In addition to detecting some of the

physical differences between the ob-

jects they touch, octopuses can distin-

guish tastes by using only the suckers.

They can be trained to recognize and

take or reject spongy objects soaked

in solutions of such substances as

quinine, sugar, or acids at dilutions

well below the range of the most sen-

sitive human tongue. In the wild, this
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Alert octopuses watch photographer,

instead of attending to the experiment.

chemotactile sense is probably of the

greatest importance in their search for

food, much of which will be found hid-

ing in crevices into which the octopus

can reach but cannot see. At present,

we know only that the sense is exceed-

ingly acute and that the animal readily

learns to distinguish among tastes

under laboratory conditions; the

range of distinguishable tastes, and

the way the octopus classifies them,

have so far not been investigated,

largely because we ourselves find it

difficult or impossible to classify such

chemical stimuli.

BECAUSE octopuses can learn a great

many distinctions rapidly, it was
somewhat of a surprise to discover

that there were certain categories of

apparently simple discrimination that

they never seemed to learn at all.

Weight is one of these. Octopuses will

pick up and handle heavy objects, but

seem incapable of learning that they

are more than usually hard to support.

As a result, they never learn to dis-

tinguish between light and heavy ob-

jects in training experiments. They
cannot be trained to pass one (say, the

lighter) of two objects under the web
to the mouth and to reject the other.

Such results are the more curious be-

cause the animal makes obvious reflex

responses to weight differences. An ob-

server, watching an octopus being

trained, can tell at once which of two
objects, light or heavy, the animal is

Web spread and chromatophores around

eyes extended, startled animal displays.

handling; the animal is muscular, and

one can see the arm muscles tightening

to take the strain. But the octopus it-

self never seems to remember the rela-

tionship between the force needed and

the reward or punishment that follows

when the object is passed under the

interbrachial web to the mouth. Long
training fails to improve performance,

and the animals continue to respond at

random for hundreds of trials, even

when one of the objects is several times

heavier than the other.

A further limitation of the animal's

abilities is revealed when attempts are

made to train it to distinguish by
touch between objects of different

shape. Training experiments show, for

example, that octopuses cannot learn

to recognize the difference between a

cube and a sphere, although eventu-

ally, in most instances, they achieve

a proportion of correct responses by
treating the matter (once again) as

a textural problem. We know that they

make the identification by texture,

rather than by shape, because of the

way they behave in training experi-

ments in which other shapes are pre-

sented. If an octopus that has learned

(albeit after long training) to dis-

criminate between a cube and a sphere

is presented with a narrow rod, it al-

most invariably treats this as if it were
the cube, taking or rejecting it with-

out hesitation, just as if no change in

the objects had been made. Indeed,

for some of the animals the rod seems

to be a "better" cube than the origiilj

they make fewer mistakes in disn-

guishing it from the sphere. The a-

plication—as in the size discriminalin

experiments—is that the distortion!

the ten or twenty suckers in con'ot

with the object is what is pertinil,

rather than the over-all shape of le

object grasped. A narrow rod cane

regarded as a series of rounded r-

ners; the cube has, in addition, kje

areas of flat surface. Because of ts,

the cube distorts only those suclrs

that happen to grasp its corners, le

rod distorts all the suckers, and tis

constitutes a sort of supercube, so ir

as the octopus is concerned, in cont st

with the sphere, which cannot disit

the circular rims of the suckers atlL

What have these various discrima-

tion failures in common? Octopies

do not, it seems, distinguish 16

weights, the pattern of surface irnu-

larities, or the shapes of the obj ts

they touch. Presumably, these failies

are related in some manner to the in'

struction of the octopus central ''•

vous system. Presumably, also, the i-

ficulty does not arise from any faire

of the animal's memory system (s m

octopuses learn other discriminatns

so readily), but rather from a lacoii

some relevant sensory input to i'

learning parts of the animal's brn.

The problem is perhaps best e'i'

sioned by thinking first about '>

selves. How would we solve the pJ)'

lems that an octopus finds impossil"?
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"^RY examining any small object,

feeling it, without looking, to de-

t nine its shape. Consider the sources

D sensory information that you are

ling. Finger-tip contact, certainly,

^ also information about the move-
(Ints of the fingers. Without knowing
t| relative positions of the fingers

a? I/or how these are moved over the

9 face, it is quite impossible to deter-

D le the shape of an object touched,

il size, or the pattern of any irregu-

If ties in its surface.

Without knowledge of the exact po-
iiin of our fingers, we can find out
i'

1 little except, perhaps, something
i\ ut the roughness or smoothness of

ilj things we touch; but even there

) discrimination is relatively poor.
D opuses can do better than we can
5)1 Juse their suckers are softer and
qe flexible than our fingers, and
ill r sense organs are not overlaid by
tfik layers of protective cells, as our
S ers are. As a result, they can deter-

p e very small differences in texture,

M since they are sensitive to taste
IS ell, their tactile world has dimen-
"' ^ we find difficult to imagine.

get some idea of the touch sense
>i n octopus, one should perhaps try

'-^nining objects with the tongue,
a er than with the fingers. But with
il his sensitivity, the tactile world of

P octopus clearly lacks something
n' is present in our own. The animal
6' is to have no equivalent to our
111 ;r position sense. All the evidence

In a visual training experiment,
animal was rewarded for attacking

a horizontal rectangle (solid dot)

and punished for attacking the same
one presented vertically (open dot).
Graph shows increasing skill at test.

Cylinders were used to test learning as measure of roughness. Animals
by touch. Percentages show amount could learn to diiferentiate, except
of surface cut away to form grooves between A, B, and C, seen above left.

I{ Plots of two tactile training tests

show errors in every ten trials.

Textural discrimination between A

100 150 200

(TRIALS AT 40 PER DAY)

G (weighted) A 5 gr.

45 gr.

250 TRIALS

and G (above) was learned with ease.

Discrimination between regular G
and leaded G was not learned at aU.

Shape test shows course of training

for distinguishing between a cube
and a sphere, and results of giving

a round-cornered cube, then a rod, in

place of cube. Positive and negative
responses are plotted as in top graph.

M-.-
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Undersides of arms are covered with

circular suckers that can grasp small

would suggest that it simply does not

know where its individual suckers are,

relative to one another, or how its

arms are bent around objects.

THERE are good reasons why this

should be so. The octopus is a flex-

ible animal. The movements of its

limbs are not restricted by joints, and

while this has manv advantages from

a locomotor point of view . it does set a

major computing problem for the cen-

tral nervous system. To know where

my fingers are, my brain must take

into account the bends at a couple of

dozen different places ; the problem is

limited because I don't bend anywhere

else. But for the unjointed octopus, it

would require an elaborate computer,

indeed, to assess the relative positions

of eight arms, let alone the several

hundred suckers, each itself mobile on

objects or rise at center to exert

suction if applied to flat surfaces.

a small, extensible stalk. The fact is,

moreover, that soft-bodied inverte-

brate animals do not have unusually

large brains—rather the reverse. Even

an octopus has a small central nervous

system by vertebrate standards, al-

though its brain is relatively large com-

pared with other invertebrates. The

implication from this lack of brain is

that such creatures—which include, for

instance, all worms and mollusks—sim-

ply cannot compute the whereabouts of

the ends of their flexible bodies in any

considerable degree of detail. The very

magnitude of the problem suggests

that their motor control systems must,

of necessity, be decentralized, with de-

tails of movements worked out by local

reflexes, rather than in a central organ-

ization. In this event, the brain is re-

quired to order only the over-all pat-

tern of movements, and because of this

it probably never receives detailed i.

formation about the position of I;

ends of its own body.

Similarly, the brains of many inv •

tebrates never get precise informatii

about the effort needed to carry (t

their orders. An octopus—as we hie

already seen—can lift a heavy obj t

when the brain orders it to do so. 1

1

the sensory feedback that records e

degree of muscle tension required -

parently never penetrates to the hi

est centers, with the incidental res t

that the animal can never learn to ;

tect weight differences.

A system that orders a response li

assumes that the details will look air

themselves may sound odd. Actua',

even parts of human systems are o

organized—our eyes are an examji.

If we decide to look to one side, ir

brain orders contraction of the appi-

priate eye muscles. The eyeball mo\!,

and the image of the outside wod

passes across the retina. The wod

does not appear to move around ;.

because we know that we have mo d

our eyes, and we take this into accoit

in assessing what we see. We kr.v

that we have moved our eyes, howe\r,

not because we can feel the eyes nic;,

but because the brain has, as it wi;,

filed a copy of the order with the ;-

partments responsible for working it

the significance of the retinal im£3.

If eye movement is blocked—by attai-

ing a sucker to a contact lens on e

eyeball and holding it, for instanc-

this filed expectation is wrong. Tli e

is no movement of the image. But e

brain has ordered a movement :d

expects the image to move, so a i-

tionary image now implies moveme

;

the world sweeps past. People s'-

jected to this sort of experiment y

5
O
o
llj

o
I
o

RIGHT-SIDE FEEDING COMPARTMENT

EXIT
DOORWAY PASSAGE ENTRANCE

DOORWAY

t
LEFT-SIDE FEEDING COMPARTMENT

JJ
To GET CR.\B on Other side of transparent wall, the octopus

must traverse length of tank and make the correct turning.
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during trek, is shown as it appeared at 2-second
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that it is a most unpleasant sensation.

It seems probable that a great deal

of the nervous system of soft-bodied

animals is arranged in this manner—
the activities of the various centers are

integrated on a basis of copies of the

orders to other parts of the nervous

i) stem, rather than on a sensory feed-

back from the motor machinery re-

sponsible for their execution.

IF
this is so, the thinking and learn-

ing part of the octopus's brain can

toe regarded as related to the neuro-

nuscular machinery that deals with

he animal's movement rather as I am
o my car. I turn the wheel and press

he pedals. I have no direct feedback

i'rom the front wheels to tell me that

i ny order has been carried out, and I

lave no direct information about the

:vents within the brake cylinders or

he control of the gasoline mixture in

he carburator. I expect the details of

he response to look after themselves.

! Living machinery, fortunately, is a

:;reat deal more reliable than the ma-

chines we construct ourselves. It is not

Entirely unreasonable, therefore, for

jhe thinking and learning part of the

iinimal's brain to be organized on the

I
assumption that its orders are always

harried out, and for the animal to

udge the effect of its orders from the

;.
onsequent movement of the outside

U'orld, in much the same way as I

i
udge the effect of turning the car

vheel by the passing image of the ex-

srnal world that crosses my retinas.

-he octopus discrimination experi-

i!ients yield results suggesting that

1 his animal, at least, is organized with

' brain that determines the broad out-

lines of movements to be carried out
lut has no part in, or knowledge of,

Blinded octopus sits on the side of

tank with arms fully extended over

organization of the necessary details.

The question is how to test the mat-

ter further. One way is to devise situa-

tions in which the animal's response

to a sensory feedback will be different

from the response to the afferent copy

(a feedback in the central nervous

system). The human eye example is

one such test, and a related experiment

can be done with the octopus—in this

case to determine if the animal is

aware of the position of its head and
body as factors that will affect assess-

ment of the retinal image.

For this experiment, the animal is

first trained to discriminate by sight

between two identical rectangles, one

shown vertically, the other horizon-

tally. It was found that the octopus,

regardless of its position in the tank,

continues to discriminate successfully

between the rectangles. However, this

the surface of the water. Most sense

organs for touch are in suckers' rims.

apparently depends upon the eyes of

the octopus remaining consistently

oriented with response to gravity, so

that the retinal image is itself con-

stantly "right way up." Upset this

"artificial horizon" and the animal

ceases to distinguish between the rec-

tangles. Experimentally, this can be

achieved by removing the animal's bal-

ancing organs, the statocysts, which,

among other things, produce the infor-

mation that feeds reflex adjustment of

eye position. After the operation, the

slit pupil of the octopus no longer

remains obstinately horizontal as the

animal moves about; it varies, depend-

ing on how the animal happens to be

sitting, and lies in the normal hori-

zontal position only if the octopus sits

squarely on the floor of its tank. When
it sits on the side of its aquarium, the

pupil (and therefore the retina) is at

iiNIMAL blinded in right eye enters the wrong corridor,
xes the wrong wall, and ends in the wrong feeding section.

Same animal detours successfully. Note how it kept to the

correct wall, even though generally facing wrong direction.
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right angles to its normal orientation.

Under these conditions an octopus

that has been trained to take the ver-

tical rectangle before the operation

will reach out and grab the horizontal

rectangle, which it had previously

learned to leave alone. It correspond-

ingly avoids the vertical rectangle.

It seems that no matter how long

training is continued, the octopus

never comes to realize that it always

gets the wrong answer when it is sit-

ting on the side of its tank. The im-

plication, once again, is that sensory

information about bodily position

never feeds back to the parts of the

octopus brain concerned in learning.

The most recent confirmation of the

view that octopuses cannot learn about

their own movements comes from ex-

periments in which the animals must

make detours to reach crabs that they

can see on the far side of a partition in

their aquariums (drawing, page 38 \.

To get the crab, the octopus must go

into the corridor, out of sight of its

prey, and trek round into the feeding

compartment, making an appropriate

left or right choice at the far end of the

corridor. There are various ways the

octopus could manage this. It might,

for example, simply creep along the

face of the intervening wall, or it could

(assuming for the moment that sen-

sory information about its movements
does reach the brain) remember the

turn it had to make on going into the

corridor. It is found, however, that an

octopus does neither of these things.

It solves the problem visually, by fix-

ing the appropriate wall with its lead-

ing eye as it goes into the corridor and

hunting along for a break that will

let it turn in the direction of the crab.

We know this from the behavior of

octopuses that have been blinded in

one eye. After the operation, which in

no wise interferes with their normal

locomotion or their interest in crabs,

the animals continue to detour suc-

cessfully in one direction, but fail

when required to collect crabs seen on

the other side. They fail, it seems, be-

cause they go into the corridor and fix

on the wrong wall; working along this

one leads them into the wrong feeding

compartment. They seem unable to

learn to correct for this type of error.

THE results with animals blinded in

one eye are interesting because

the errors are by no means inevitable.

The octopus normally uses one eye at

a time, anyway, and individuals

blinded on one side do succeed from
time to time in making perfectly satis-

factory detours. One might expect

them to learn by experience that get-

ting food only follows their making a

turn toward the wall when they go into

the corridor. But instead they con-

tinue to make repeated unsuccessful

runs 180 degrees off course, as in the

example shown on page 39; on these

occasions the octopuses detour quite

as rapidly—one is tempted to say "con-

fidently"—as usual, apparently un-

aware that an essential movement
sequence is missing from their re-

sponse. The implication, again, is that

this animal is unable to take its own
movements into account when it learns

to carry out various activities.

The detour experiments, in short,

^^

confirm the thesis arising from I;

tests on visual orientation and tact;;

discrimination. For these soft-bod;j

animals, learning on a basis of clis

from sense organs detecting exterij

events is one thing, and possib;

learning from internal receptors 3

quite another, and apparently not.

This conclusion has a variety f

consequences for the study of anir 1

behavior. If true, it means, for a st;

,

that there can be no question of a:-

mals such as octopuses learning d

make skilled movements, since l\\'

cannot learn to make progressive sn 1

modifications in the way they mani •

late. All the motor machinery is the,

but the sensory inputs that would e

needed fail to penetrate to the up r

levels of the central nervous systei..

Operant conditioning, generally, p-

sents difficulties. The means by whi

soft-bodied animals find their ws
about become interesting because e

must discard the possibility that e

animal has anything in the nature f

a map sense, based on the direct a

and distance between objects in s

environment. If an octopus (or

a

worm, or a limpet) has no memory

f

the detail of movements that it s

made or been obliged to make on je

outward journey, it cannot possi^

compute its way "home" by any foa

of dead reckoning.

We are all used to the idea 1

1

animals may differ in their capaty

to learn. It would also appear obvis

that the range of things that thev m

learn is limited by the properties f I

their sense organs. It is perhaps a Is

familiar idea to suggest that their j
-

'

mm m
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f inance may be limited, not so much

h their sensory instrumentation as by

tl way their central nervous systems

1 organized to deal with the infor-

I ion collected. The octopus is an

I mal in which the point is clear pre-

;| ly because the animal learns to

ii e so many problems so quickly;

t failures stand out against a wide

) kground of things that the animal

; be taught to do. The sensory instru-

rjitation is there. The muscular ma-
shery to carry out a variety of tasks

g .resent. The animal's performance
•; only be attributed to the organiza-

i al consequences of flexibility.

here is no reason to believe that

h octopus is exceptional in this re-

{i;t. It seems safe (or if not quite

a, at least interesting) to predict

h with increasing knowledge of the

i( ivior of animals, two broad cate-

;^' es win be revealed. There will be

b| e animals, including humans and
id laps the arthropods, that can learn

a odify their behavior by taking into

c lunt details of the movements they

nfe. And there are the rest— all the

Oi bodied animals, among which is

h Dctopus—that cannot.

I
T the present time we know more

t .
about the behavior of arthropods

h all the other invertebrate animals
II ogether. One reason is that arthro-

ic i can be made to perform well in

r.- ling experiments—maze tests and
o in—that seem simple to a verte-

irs. The other invertebrate animals

f! a seem curiously dim by compari-

and in most cases attention

u kly returns to the apparently more
r lising band of creatures with

s. Work on the octopus has
h n, however, that soft-bodied, flex-

jl invertebrates may be surprisingly

u k to learn, provided only that the

X riments are appropriate to their

a cular types of organization. One
a: perhaps hope for equally interest-

ij results elsewhere among the in-

ei:brates, as more sophisticated

W ods of testing their performances

rfevised. It is the purpose of this

rile to call attention to one of the
x ilexity of factors that must be
ill into account in such studies.

octopus reaches from heap of
:d shells to grasp yet more food.

W PUPIL of eye remains horizontal
0! latter how animal happens to sit.



ByT. E. Eisner

THE rich and varied family Tene-

brionidae includes a diversity of

interesting forms that live in arid

habitats. Eleodes longicollis, a large,

flightless species about four centime-

ters long, is one of these. I first came

across this striking animal in the des-

ert country of our own Southwest,

near the Chiricahua Mountains of Ari-

zona. During the early hours of morn-

ing and again at sunset, the beetles

may often be seen in large numbers,

plodding about at a leisurely pace, their

jet-black bodies clearly silhouetted

against the pale desert soil. They are

conspicuous even in the twilight, and

the human eye soon learns to spot them

from yards away. During the height

of day, they are rarely present in the

open. Like many other desert-dwellers,

they avoid the scorching sun by hiding

under rocks, beneath dung paddies, or

in other secluded places. They feed

throughout the night, at which time

they may be found in a variety of

bushes, clinging to the branches and

chewing on the leaves.

While hiding in the daytime or

while perched on shrubbery at night,

the beetles are relatively safe from

predators. But they face a multiplicity

of hazards when they search for food

or shelter along the desert floor. Dawn
and dusk are the precise times when

predation is at a peak in this habitat,

and the ground then literally teems

with ants, centipedes, spiders, scor-

pions, rodents, and many other poten-

tial assailants. How, one wonders, can

a conspicuous animal like Eleodes,

sluggish as it is, "afford" to take such

risks? As we shall see, the paradox is

only an apparent one, for Eleodes is

really a highly invulnerable insect.

When Eleodes is disturbed, by being

tapped with a stick or prodded with

the fingers, for example, it makes no

effort to flee. On the contrary, it usu-

ally comes to an abrupt halt and, in

characteristic fashion, raises its rear

and assumes a "headstand." This be-

havior has no defensive value per se,

but it does signify that the beetle has

been alerted to the emergency and is

now prepared to counter the attack.

The special weapon that it has avail-

able for this purpose becomes appar-
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ent the moment the disturbance is in-

tensified. If, for example, the beetle is

seized by hand or if one of its legs is

pinched with forceps, it responds sud-

denly by ejecting an intensely odor-

ous, golden-brown liquid from the tip

of its abdomen. The vapors emanating

from this discharge are highly irritat-

ing to the eyes, and the liquid itself, if

it happens to penetrate open cuts or

lacerations of the skin, causes notice-

able pain. Eleodes is evidently en-

dowed with an effective defense mech-

anism comparable to that of a skunk

—or a whip scorpion (Natural His-

tory, June-July, 1962 J—and it is this

mechanism that accounts for its in-

vulnerability.

Although initially one might think

that the discharge consists of intestinal

contents ejected by forcible dam

tion, one soon learns from dissec

that this is not so. The fluid is a sec-

tion, and the two glands that procce

it are among the most conspictus

organs in the beetle's body. Each j;
i

is a voluminous sac, ordinarily h g-

ing with liquid and opening tote

outside by way of a small slit adjanl

to the anus. The cells that manufac rfi

the secretion form an elaborate tiuf

that overlays the sac itself. No mu:*-'

surround the glands, and the nili-

anism whereby the secretion is*

pelled remains somewhat obsc'ft

It is probable that the glands i*

squeezed by pressure generated :i'

rectly, through muscular compresoii

of the abdomen as a whole.

The secretion has the peculiar pi



discourages Predators

e y of tanning human skin. This be-

Cjnes strikingly apparent after one

i spent an evening in the field col-

ling the beetles by hand. Inevitably,

i's fingers become stained an in-

se purple, and the coloration per-

is for days, until the skin wears off.

number of arthropods besides

odes, including among others cer-

1 cockroaches, earwigs, and milli-

ies, are known to produce secre-

is that stain the skin. In all cases

ere these have been investigated,

active principles responsible for

ning have been shown to be certain

r: itively simple organic compounds
C| ed benzoquinones. This suggested
tl possibility that the secretion of

t odes might also be quinonoid in

D ure, which turned out to be the

case. Samples of secretion were ob-

tained simply by holding individual

beetles over an appropriate container,

pinching their legs, and causing them
to discharge into the receptacle.

M'
fY colleague at Cornell Univer-

sity, Professor Jerrold Mein-

wald, together with several of his

collaborators, did the necessary analy-

ses. A picture on page 45 shows the

three quinones produced by Eleodes.

Although the secretion also contains

other components, including several

hydrocarbons and caprylic acid, the

quinones are undoubtedly the chief

defensive constituents of the mixture,

since they are the ones primarily re-

sponsible for its irritant properties.

Experiments were carried out aimed

Only Eleodes, at left, has glands for

defense, although Megasida obliterata

also raises its rear whenever disturbed.

at determining how repellent the qui-

nones really are. One of these con-

sisted of exposing predators of various

types to the vapors emanating from

pure quinone crystals. Ants, preda-

ceous beetles, spiders, toads, lizards,

and mice were among the species

tested, and all of these showed some
sort of avoidance reaction. Particu-

larly dramatic were the results of still

other tests in which the quinones them-

selves, either as crystals or in solu-

tions, were applied directly to various

portions of the bodies of these animals.

The almost invariable response to such

topical application was the perform-

ance of a most prompt and vigorous
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Beetle, above, responds to the pinching of one of its legs

by discharging secretion into flask, arrow. The substance

accumulates in the tubular organelles of the secretory cells

magnified below, that overlay the animal's defensive gland

f "m
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o GLANDS, filled with brown liquid, are exposed in the

iiterior abdomen of a dissected individual, genus Eleodes.

Orifice, arrow, of Eleodes longicollis gland is opened by-

muscle (M) at moment of ejection. Cells (C) form tissues.

jnsing reflex. Thus, when quinones

tvi'e sprinkled on the back of a toad,

V animal scratched itself with a leg.

Siilarly, when they were applied to

t mouthparts of ants and carabid

l ties, the insects fled, dragging their

n uthparts in the substrate. A mouse
tl t had its muzzle contaminated

pjved it frantically with its front feet.

I 'n such animals as lizards, which

a shielded by an especially impervi-

integument, proved to be highly

V nerable because of their sensitive

e s and mouths. In short, not a sin-

gi predator tested seemed unaffected

b! quinones.

EVERTHELESS, it remained to be

seen how effectively Eleodes
u s its secretion in actual combat. To
'1

' end, individual beetles were of-

i' 'd to a variety of caged and appro-

priately aggressive predators, includ-

ing many of the same ones that had

previously been tested with the iso-

lated quinones. With a single notable

exception, which I will describe, the

results conformed to expectation.

When the predators attempted to seize,

bite, or otherwise assail the beetles,

they invariably received a retaliatory

discharge and were forced to flee. As

they escaped, they paused frequently

to cleanse themselves, betraying obvi-

ous "annoyance" and responding pre-

cisely as they had to topical applica-

tion of quinones.

It became clear during these tests

that Eleodes does not eject its spray

in a random direction. Just before dis-

Chromatocram shows how the Eleodes

quinones separate in solvent on paper.

BENZOQUINONE

l/CiH, ETHYLOUINONE
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Tip of abdomen deflects do\Mi\vard as

beetle effects headstand position and

charge, the tip of the abdomen is al-

ways deflected downward, so that the

secretion is expelled toward the under-

side of the animal in a slightly for-

ward direction. This means that if the

animal were to eject the spray while

in its usual horizontal stance, it would

create a puddle beneath itself, which

would extend forward to about the

middle pair of legs, but no farther.

However, since it ordinarily dis-

charges with its abdomen sharply

raised, all six legs, and even the head

itself, fall within the usual reach of

the droplets. Thus, the headstand

is to be viewed as an important prepa-

ratory maneuver that readies the

beetle for the optimal employment of

its weapon. This can be of real sur-

vival value to the animal, as field ex-

periments with ants proved. In these

tests, an individual Eleodes was

placed near the nest entrance of a

thriving colony of Pogonomyrmex
occidentalis. Within seconds, dozens

of the ants converged upon the beetle

and, with their mandibles, clasped

themselves tightly onto its legs and

wherever else they could secure a hold.

The beetle "froze" in its tracks, as-

sumed the headstand, and sprayed.

The ants dispersed instantly, and even

those occasional ones that had grasped

the beetle's antennae and mouthparts

seemed to be spattered by droplets.

They released their hold, and Eleodes

iirepares lo discharge. Spray leaves a

purple stain on the researcher's fingers.

was free to escape. The results of tests

with caged toads were exceptional.

The species selected, Bujo cognatus,

is an especially large one, easily ca-

pable of capturing insects equal to

Eleodes in size. As is well known, a

toad catches its prey with its slimy

tongue, which is flipped out and then

retracted with the victim stuck to it.

When an Eleodes was offered to Bufo,

the toad caught it and gulped it down
the moment the beetle came within

range. This happened so quickly—

a

few seconds at most—that the beetle

literally had no time to respond. If it

sprayed at all, it must have done so

after being swallowed. But even if this

occurred, the secretion did not seem

to cause any ill effects. The beetle was
never regurgitated, nor did the toad

ever refuse to eat Eleodes when these

were offered on later days. Thus, al-

though distinctly sensitive to the topi-

cal action of quinones, Bufo can cope

with Eleodes for the simple reason that

it can avoid having its skin sprayed

in the process.

These laboratory findings may well

be indicative of what actually happens

in nature. In the vicinity of Portal,

Arizona, where I studied Eleodes,

there is also a toad. Bufo alvarius, that

is even larger than B, cognatus. Ex-

amination of the stomach contents of

several B. alvarius showed remains of

Eleodes present in some of them.

There was also reason to belie;

that a predator of yet another sort u;

routinely preying on Eleodes. Wh;
searching for live beetles in the dese,

I occasionally came across the part
i

remains of dead ones. These remaii

usually consisted of the front wim
(elytra), which in Eleodes (a fligi

less insect) are fused to form a sins;

protective shield over the membrane
back of the abdomen. The elyti

shields found in the desert were
ways damaged, and this in itself si

gested that the beetles were victii

of predation. Since the shields are i

sentially skeletal in nature, and cc

sist almost entirely of chitino

cuticle, it seemed only logical that

predator would discard them. I

amined them closely and found t

their imperfections were consisteni

the same: the margins were typica

jagged in appearance and seemed

have been partially chewed away,

appeared likely, although by no mea
certain, that a rodent was the resp<

sible predator.

APPROPRIATE traps, set out (

L night in an area where elyt:

remnants had been abundant, yield

several individuals of Onychom
torridus, a voracious nocturnal ins(

tivore known as a grasshopper moui

The captives were taken to the laboi

tory and released in cages containi

loose desert soil. In due course, aft

they had adapted to their confin(

each was offered Eleodes. The ever

that followed were spectacular,

soon as a beetle was introduced, t

mouse grabbed it and, while holdi

it upright in its front feet, forced t

beetle's rear into the soil. Undisturb

by the beetle's discharges, which we

being harmlessly expended in t

sand, the mouse then ate its prey, h

ginning with the head and proceedii

backward, leaving only the legs, t

elytral shield, and the tip of the a

domen with the glands. At no tin

during the entire procedure did t

mouse incur the risk of beii

sprayed; the beetle's rear was nev

lifted from the soil. I later examini

the elytral shield and found the antic

pated jagged tooth marks. There r

mained little doubt that Onychom'

was the predator I was after. It w
not hard to explain why the elytr

shields are usually found alone in tl

field, rather than with the other di

carded parts. Being readily dispersf

by the wind, the shields are simp

blown off by themselves.
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Together with Eleodes longicollis,

rieties of other tenebrionid beetles

occur in the desert. Many of these

; black and flightless as well; they,

1, may be found pacing the desert

or at dawn and dusk. Some are

aller species of the genus Eleodes

"If, but others belong to entirely

Ferent genera. Among the latter

;re is one, Megasida obliterata, that

facts immediate attention because

Jso has the habit of coming to a halt

h its rear lifted. Upon dissection,

ivever, this species was found to

k glands. This was surprising,

ce most tenebrionids do have

quinone-producing glands like those

of Eleodes. Could it be that Megas-
ida, devoid as it is of its own chemi-

cal defenses, "attempts to pass" for

Eleodes by mimicking the latter's

headstand? It is certainly conceivable

that some predators, having learned

to identify Eleodes as an inedible spe-

cies, will also discriminate against

black beetles that resemble it, and par-

ticularly against those that raise their

rears when disturbed. But which pred-

ators might these be? Rodents other

than Onychomys? Or lizards? Evi-

dently, there is still more to the Eleo-

des story than has been described here.

Gnawed elytra—fused front wings of

Eleodes—were discarded by a predator.

Grasshopper mouse holds prey so that

harmful secretion is ejected into soil.
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The impact of the most ordinary

object, magnified, is sometimes

startling, and in the resulting abstract

quality can be found elements of a

diverse and stimulating art. This can

readily be seen in the dramatic pic-

tures on these and the following two

pages, all of which were taken by

members of the Biological Photo-

graphic Association. These award-

winning examples were on display at

the Association's most recent annual

convention, held in Philadelphia. The

society was founded at Yale Univer-

sity in 1931 to further interest and re-

search in photography related to the

i biological sciences. The membership
consists of physicians. X-ray techni-

cians, medical illustrators, and photog-

raphers. Some of the pictures in the ex-

hibition represented a photographer's

' formal work, while others were admit-

tedly the results of a busman's holiday

with the microscope and camera.

PARASITE PORTRAIT

This picture of a louse, left, commonly
I
found on marmots, was made by Don
Fritts. A low-magnification microscope,

with bright-field transillumination and

contrast panchromatic film, was used.

NORTH AMERICAN MOTH
Another award-winning photograph is

shown below. It is of Automeris io, the

lo moth, and was taken by Gordon W.
Maxcy, who used an Exakta equipped

with a Meyer-Optik Gorlitz f/2.8 lens.

HONEYCOMB
Photograph, above, also by Don Fritts, is

of reticulum found in the anterior and
smallest division of the bovine stomach.

The photographer states that he took it

because he "happened to like the design."
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Hidden colors and contrasts

THE BEAUTY OF FLORETS AND SEPALS
As in all the Compositae, the florets are Sunflower photograph, one of a series,

clustered in the center disc, surrounded is by Hans S. Dommasch, of the staff of

in this case by the flower's yellow sepals. the University of Saskatchewan, Canada.



THE MAGIC OF THE INTERFERENCE MICROSCOPE

nany living organisms are not colored,

1 interference microscope translates to

IT minute differences in the optical

iperties of parts of the object under
ijervation. In the photomicrographs

shown on this page, Robert F. Smith has

employed this method to highlight many
interesting details in his subjects. Centric

diatom, above left, is a unicellular alga of

a type that forms a large part of plankton.

Carnivorous medusa of Obelia, below, a

cnelenterate. is shown waving its polyps.

Photomicrograph, above, shows Volvox,

a genus of green flagellates, which is

ordinarily mistaken for common algae.
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SKY
REPORTER

ew, brilliant Ikeya-Seki is in

imily of sun-grazing comets

By Thomas D. Nicholson

'he first word about Comet Ikeya-Seki reached the

astronomical community on a routine announcement

d from the Smithsonian Astrophysical Observatory,

mbridge, Massachusetts, the clearinghouse in the United

ites for astronomical discoveries. The S.A.O. also serves

that capacity as an agency of the International Astro-

mical Union. The I.A.U. Circular No. 1921, dated Sep-

aber 20, 1965, stated that "Dr. H. Hirose, Tokyo Astro-

tnical Observatory, announces the discovery of a comet

Ikeya and Seki." The discovery—the most spectacular

met found so far in the twentieth century—was made

lependently by two Japanese comet-hunting amateur

Tonomers on September 18, 1965. The announcement

ve the magnitude of the comet at discovery as -|-8, and

scribed it as "diffuse with a central condensation or

cleus, and no tail." This description was confirmed by

i Woomera, Australia, station of the S.A.O. There was

ile that was unusual about the discovery reported on

cular No. 1921. Sometimes a dozen comets, never known

fore, are reported annually on these cards. The only dif-

ence in Ikeya-Seki was its extraordinary brightness.

Ikeya-Seki was the sixth newly discovered comet of the

ar and was given the official designation of Comet 19651.

ter, after all 1965 comets have passed through perihelion,

lew designation will be assigned to it (the year followed

a Roman numeral to indicate the order of its date of

ihelion passage among the comets of the year)

.

Although additional observations and preliminary orbits

re reported on the next several I.A.U. circulars, these

jorts gave no hint that the comet was anything unusual,

e surprise came on Circular No. 1925. After reporting

'eral precise positions for the comet, the card listed the

ments of an accurate orbit based on these positions, and

ephemeris describing what the comet would be doing

er the next two weeks. The orbital elements indicated

it the comet would pass closest to the sun on October 21,

65, at a distance that would place it at or near the actual

^face of the sun. The ephemeris indicated that the comet

lUld brighten to second magnitude as early as October 13

ight days before it reached perihelion. The orbital ele-

ints and the ephemeris were enough in themselves to

rt astronomers that Comet Ikeya-Seki was no ordinary

e. According to the October 1, 1965, card, the orbit

owed a "very close resemblance to that of the Great Sun-

azing Comet of 1882 and its family," and it was esti-

llNTiNG of sky, as seen by Dr. Franklin on October 21, 1965,

|>W8 elongated head of comet above and to right of sun.

mated that the comet could be as bright as —7 when it

reached perihelion. The card quoted Dr. L. E. Cunningham,

of the Leuschner Observatory, who stated, "Brightness at

this time [late September] is about the same as 1882 II

under similar conditions. Observability will be the best

possible for this sun-grazing group."

Interest in the so-called family of sun-grazing comets

arose during the nineteenth century, when some of the

most brilliant ones observed turned out to have almost iden-

tical orbits, which brought them exceptionally close to the

sun. These included Comets 1843 I, 1880 1, 1882 II, and

1887 I, which all developed very long tails and were ob-

served principally in the southern sky. Two ( 1843 I and

1882 II) achieved the rare distinction of having been

bright enough to be seen in daylight with the unaided eye.

To the above four comets of the nineteenth century, sev-

eral others have since been added, all sharing the same

peculiar properties. The presently recognized members of

the group include, in addition to the four named above,

the comet of 1668, Comet 1945 VII, and Comet 1963 V
(the latter discovered after it had passed around the sun).

THE orbits followed by the seven previously known mem-
bers of the sun-grazing family are retrograde (they

move round the sun opposite to the direction of the planets'

motion). They are highly inclined to the plane of the solar

system (they come from south of the solar system plane

and return again to the south), and are of great eccen-

tricity (they are long-period objects, with orbital periods

of 700 to 1,000 years). Perihelion distances have brought

them closer to the sun (almost grazing its surface) than

any other objects known, and have produced the longest

comet tails ever seen. The orbits of the sun-grazing comets

also have one other outstanding characteristic: they are

Comet Ikeya-Seki was photographed just before dawn over

San Francisco Bay area with a special, wide-angle camera.
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Orbits of comets like Ikeya-Seki are highly inclined and

retrograde, coming from south of the solar system plane.

difficult to observe from the Northern Hemisphere, or—as

was nearly the case with Comet 1963 V—they quite possibly

can come and go undetected from any part of the earth.

With this as a background, Ikeya-Seki broke on the

scene, apparently the eighth known member of the sun-

grazing family. By October 1, when it had already reached

magnitude -|-6, it was still some 75,000,000 miles from the

sun. Since it would come eventually to within 300,000

miles of the sun's surface on October 21, astronomers were

confident that it would continue to brighten. Conservative

estimates indicated it would reach magnitude —9 when it

passed closest to the sun. This meant that it might be seen

in the daytime sky (in comparison, Venus is visible in the

daytime at magnitude —4, but far from the sun's imme-

diate neighborhood).

ANY comet coming that close to the sun could be expected

[ to develop an enormous tail. The tail of a comet re-

sults when gases from its head, vaporized by solar energy,

are swept away from the comet by the pressure of solar

radiation. Ikeya-Seki should be well cooked at its close ap-

proach to the sun and, in addition, should be subjected

to great disruptive forces that could break it up or even

destroy it totally. (After Comet 1882 II rounded the sun,

its nucleus was seen to break up into five or six distinct

parts.) On the basis of these factors, astronomers were

justified in alerting the public to an object that gave prom-

ise of becoming the "best" comet of the twentieth century,

even though they cautioned that comets, being highly un-

predictable, do not always live up to expectations.

Public interest in Ikeya-Seki broke into a storm during

the week of October 10. The American Museum-Hayden
Planetarium, in New York, maintains an automatic tele-

phone service to provide information about visible satel-

lites and interesting celestial objects, answering calls with

a recorded message. The service had been averaging

slightly fewer than 100 calls per day. Within a week the

volume rose to more than 1,000 calls per day, and it reached

a peak of more than 2,400 accepted on October 21, when

Ikeya-Seki rounded the sun. Hundreds of other que

were received daily throughout this period on each of

five normal business extensions into the Planetarium.

Planetarium staff provided information, interviews,

recorded programs for every major newspaper, news
ice, radio and television station in New York, and for r

others far outside of the metropolitan area.

But throughout this wave of interest, it was almost

possible to see the comet in the New York area, or 1

most of the eastern United States. Theoretically, up
October 16 or 17, it could have been seen without a

scope in the early morning sky before sunrise. But e

morning skies were persistently cloudy, hazy, or f

from early October up to the 21st, and the daytime sk

the 20th and 21st contained high, thin clouds. Thousa
perhaps millions, of persons looked and saw nothing.

The morning of October 21 promised the best sho

all, for it was on that morning that the comet should

been visible in daylight. Our staff at the Planetarium

made arrangements to fly over whatever cloud or fog ci

might obscure the sky from the ground. Dr. Kennet
Franklin was to fly in a twin-engine aircraft with a phc

rapher and a news commentator. Other staff members
been invited to fly in a commercial jet aircraft in an e

to see the comet. Although weather conditions were

to the allowed minimum, both planes managed to take

The jet flew to an elevation of 38,000 feet in an

east of Long Island, but we could not see the comet,

though we were well clear of any ground weather.

Franklin, in the smaller plane, was 12,000 feet over

vicinity of West Point, New York, and for at least

minutes saw the comet clearly in daylight, well after

sun had risen. The painting on page 52 shows the sk

Dr. Franklin saw it, with the pale, white, slightly elong

head of the comet above and a little to the right of the

Dr. Franklin's observation, coming only seven

after Ikeya-Seki had passed through perihelion, was

of the first to confirm that the comet had indeed bee

bright enough to be seen in daylight and had survive

close passage around the sun. Several days later the c

lars announced the result of other observations on the !

and estimates placed the comet's brightness at about m£

tude —10 or —11, nearly as bright as the full moon.

After October 21, public interest in Ikeya-Seki w£

By the 23rd, calls on the automatic dial service had f;

to near normal levels. Paradoxically, it was when gei

interest had been all but lost that the comet began li

up to expectations. The local weather changed for the

ter. Each morning the comet rose earlier and appe

higher in the sky as the twilight brightened—but it

grew fainter. Beginning on October 28, and continuin;

more than a week, the morning skies over the New
area were exceptionally clear, and Ikeya-Seki could be

easily without optical aids. During this time, it grew

estimated to be about 45 million miles long, extending

an arc of 20 degrees in our skies even though the c

was about 100 million miles away.

Whenever a comet becomes bright enough to be se|

daylight and develops a 20-degree tail, 45 million

long, we must grant that it is one of the rare come|

history. And we know that Ikeya-Seki did that. We sa

Dr. Nicholson, the regular author of this column, is

Chairman of the American Museum-Hayden PlanetariI
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loon February 5, 10:58 a.m., EST
Quarter February 12, 3:53 a.m., EST
Vioon February 20, 5:49 a.m., EST
Quarter February 28, 5:15 a.m., EST

TIMETABLE

February I 11:00 P.M.

February 15 10:00 P.M.

February 28 9:00 P.M.

(Local Mean Time)

1
ibruary 1: Jupiter and the gibbous moon are in conjunc-
about 7:00 p.m., EST, tiie planet 2 degrees south of the

in. Shortly after sunset, they appear high in the east, the
I n above Jupiter. Notice how the moon moves past Jupiter
Jig the early evening hours,
ibruary 5: About 5:00 p.m., EST, only six hours after it is

the moon reaches perigee (the point in its orbit nearest
1 ii). When the perigee moon and the full moon occur as

: as this, vi/e may expect tides that sometimes have a
le 40 per cent greater than ordinary high and low tides.
f :an expect exceptionally high tides tonight, and should
1 ig east to northeast winds occur along the east coast on
Jate, it is possible that flood conditions could exist along

siow-lying portions.

Brcury enters the evening sky and is in superior conjunc-
3 in line with the sun on the side opposite the earth.
bruary 15: Jupiter, as the earth moves away, is stationary
ght ascension and resumes direct (eastward) motion

' igh the stars of the constellation Taurus.

Venus is stationary in right ascension in the morning sky
and resumes direct (eastward) motion.

February 17: Venus and the late crescent moon both rise

in the east before the suri. Conjunction is at 7:00 a.m., EST,

when Venus is 12 degrees north of the moon.
February 21-24: A series of conjunctions occurs on these

. dates between the early crescent moon and Mars, Saturn,

and Mercury, all of which are evening stars and close to one
another. But they are so. close to the setting sun that it Is

impossible to see them in the early twilight. On the 21st, the

moon passes Mercury; Mars', and Saturn; on the 22nd, Mars
passes 1.1 degrees north of Saturn; on the 23rd, Mercury
passes 1.7 degrees north of Saturn; and on the 24th, Mercury
passes 0.7 degrees north of Mars.

All Month: Only Jupiter (magnitude —2.0) is prominent in

the evening sky, high in the'east in early evening, and setting

before sunrise. Venus becomes visible in the morning sky from
midmonth on. Mercury, Mars, and Saturn are too close to the

sun to be observed easily, even with the aid of a telescope.



When is a pen

not a pen?

When it lights
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Imagine . . . take a

quality ball point pen,

design a spot light into

it and you have — the

LiteWriter— a never-

failing pen . . . that can

see its way in the dark.

Who needs it?

DOCTORS
for writing RX's in darkened wards and

for illuminating gloomy throats.

THEATERGOERS
who wish to check a point in the program

and to make notes without disturbing

their neighbors.
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(Very debonair!)

MIDNIGHT THINKERS
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their companion. (We are told that Schu-

bert might have finished that Symphony
had he had a LiteWriter.)
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ally boxed & with four spare-ink cartridges each.

Price: $4.90 each (3 for $14.00; 6 for $27.00:
12 for $50.00)

Handling and Postage Included. California resi-
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About the Authors
After an early training in mechanical

engineering, and ten years in industry

working on problems of heat transfer

and power generation, Dr. Carl Cans
returned to Harvard University to re-

ceive his doctorate in biology in 1957.

Author of "Locomotion Without Limbs,"

he is Associate Professor of Biology at

the State University of New York at

BuflFalo and a Research Associate in The
American Museum's Department of Her-

petology. At present he is on sabbatical

leave at the Zoological Laboratory, Uni-

versity of Leiden, the Netherlands, con-

tinuing his work on the functional mor-

phology of vertebrates.

E. Javorsky, author and photog-

rapher of "Subtropic Flora Thrives on

50th Parallel," is a free-lance photogra-

pher and writer, temporarily associated

with the Aquarium Publishing Company
in New Jersey. His interests include

gardening, architecture, painting, and

general natural science subjects.

"Early Mapping of the Land and Sea"

was written by Dr. George A. Roth-
rock, Associate Professor of History at

the University of Alberta. He has studied

in the United States and France, re-

ceived his Ph.D. at the University of

Minnesota, and has taught at the Uni-

versity of Omaha, the University of

Michigan, and the University of Sas-

katchewan. He specializes in the political

and social history of Europe in the

sixteenth and seventeenth centuries, and

is particularly interested in scientific

and military history. He has written

several books, and was author of "Steps

to a New Astronomy" in the May, 1965,

issue of Natural History.

Martin J. Wells, author of "Inverte-

brate Learning." is a graduate of Trinity

College. Cambridge. He first began re-

search on cephalopods in 1953 at the

marine biological station in Naples, and

returns there each summer to continue

his studies. In 1956 he won a prize fel-

lowship to Trinity. He is now a Lecturer

in the University's Department of Zool-

ogy, and Tutor and Director of Studies

in Zoology. Churchill College, Cam-
bridge. In addition to many scientific

articles, he has written two books. Brain

and Behaviour in Cephalopods and You,

Me and the Animal World. He lives four

miles from Cambridge, and "keeps

chickens, rooks, rabbits, terrapins, fish,

a cat, and two small boys."

Dr. Thomas E. Eisner, author of

"Beetle's Spray Discourages Predators,"

is Associate Professor of Biology at

Cornell University. He specializes in in-

sect physiology, and his writings on the

subject have appeared several times in

Natural History. His most recent arti-

cle was "Mystery of a Millipede,"

March, 1965, coauthored with his father.
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BOAC has 2
kinds of
African safaris

Pick one.

BOAC's 3-week Wings Safari tour is based

on a simple premise. That you can see an

awful lot of Africa from the cabin of a

twin-engined Piper Aztec. Flying from one

exciting spot to another. Following a route

land-vehicles could never follow.

You'll skim over the broad plains of Ser-

engeti. Soar above the snow-capped peak of

Mt. Kilimanjaro. See things from up above
that you could never see from down below.

What does this totally new kind of African

Safari cost? $2,034* from New York, and
that includes everything from a round-trip

flight to hotels, meals, pilots and special

guides. We also have departures from
Boston, Miami, Chicago, Detroit, San
Francisco, and Honolulu.

Of course, if you prefer adventure that's

more down to earth, take our 3-week Value
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You'll edge through narrow jungle passes,

seeing the best parts of Uganda, Kenya, and
Tanzania. Ever spend a night in a treetop

hotel? Or ask a rhino to hold still while

you're clicking the shutter? Then this is the

tour for you.

What will these 3 exciting weeks cost?

As low as $1,529*, everything included.

Want to spend more time in Africa? Let us

know. We'll be glad to arrange it.

For further information, clip the coupon.
Or call your Travel Agent.

1British Overseas Airways Corporation
Dept. A-253
Box No. VC 10, New York 1001

1
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Please send me your free brochures on:
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A comprehensive naturalist's guide to

the snake subspecies of our Southwest,

useful to students of geology, plants,

birds, mammals, and archeology with

its elaborate revisions of past climates

and description of present deserts,

mountains and habitat areas. Fifteen

years in preparation by the author.

224 pp.; 82 B&W illustrations of each

subspecies; 82 range maps; 10 map
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BOOKS IN REVIEV\/
continued from page 9

plays a dramatic "feel" for the subject,

it presents the scientific results with

truly scientific lucidity. The kind of ver-

bal imagery that describes a moonrise

also makes vividly clear the floral and

faunal adaptations and specializations,

the number and habits of species, the

ecological factors, the dismal picture of

wholesale wildlife extermination, and

what can be done about it all. In the over-

all ecological investigation of the natural

resources of Jordan's land and wildlife,

a most sober analysis of the effects of

human depredation upon such resources

clearly comes forth. That this is paral-

leled in so many areas, including our

own, strikes another blow for serious in-

ternational concern for conservation.

The summary of recommendations given

in the final chapter might well have

been given to the world at large, and not

to Jordan alone.

Finally, the record of desert life en-

countered (216 bird species alone), the

new species discovered and identified,

and the superb photographic contribu-

tions of this book make it of lasting

value. The inclusion of scientific and

common species names provides the lay

reader with a ready reference tool, and

informs the professional, as well. Geo-

graphical notes, sociological description,

scientific data, an appendix, and a se-

lected bibliography are combined, by

most capable writing, into a pleasantly

instructive volume.

Philip C. Hammond
Princeton Theological Seminary

Dances of Anahuac. by Gertrude Pro-

kosch Kurath and Samuel Marti. Aldine

Publishing Company, $10.00; 251 pp.,

illiis.

THERE is probably no art more ephem-

eral than that of the dance—many
of the most celebrated modern ballets

were never recorded and have thus dis-

appeared for all time. Gertrude Kurath

has pioneered the use of a standard sys-

tem of notation, called "Labanotation"

after its inventor, Rudolph von Laban,

to put down on paper the dance forms of

the native peoples of North America, and

she is justly famed for her researches.

The present book, however, trips

lightly into a field where even angels

would fear to tread. Just about all

knowledge of the dances of the pre-Co-

lumbian peoples of Mexico and the

Maya area (wrongly pooled under the

term "Anahuac") died with the Span-

ish Conquest. There are a few brief ref-

erences to dance dramas among the

Aztecs and Mayas in the post-Conquest

chronicles, and even fewer pictorial rep-

resentations of them in the same works,

but these are flimsy evidence upon which

to build a convincing picture of the

Mesoamerican dance. Marti and Kutli

have tried to extend this evidence bin-

terpreting as dance movements anytng

in the repertory of pre-Columbiarm
that shows a person in an attitude (ier

than a neutral stance. I. for one. anioi

convinced that most of these supped
dancers (such as the so-called Darini

tes from Monte Alban) are dancir a|

all, and feel strongly that the matcng
of a particular figurine, usually ten

out of context, with a passage in L m

notation has little or no meaning.

The number of factual errors anc he

mislabeling of illustrations pertaing

to the pre-Conquest archeology nd

ethnohistory of Mesoamerica give tie

credence to the authors' reconstrumii

of native dance forms; I cannot be \

that the three archeological authoiR

said to have checked the manusipi

before publication actually did so. Gen

the scanty data upon which one h: to

work, an authoritative book on su a

subject simply cannot be written.

Michael D. or.

Yale Iniviii)

Peoples of Africa, edited by Jam L

Gibbs, Jr. Holt, Rinehart and ll'in m.

Inc., $10.50; 594 pp., illus.

FIFTEEN culture profiles—succinc ie

scriptions of the institutions, \ar.

and physical surroundings of a hi ai

group—comprise Peoples of Africa, he

editor has selected authors for thei fa-

miliarity with peoples representingig-

nificant areas and ways of life. In iler

to afford the student an opportunitfoi

further research, he includes liS

groups that have recently been studil^

the field and that have previously sf fit

as subjects of a number of publicatn'

The societies described are the K lii

of Liberia; the Afikpo Ibo, the Yen u.

tlie Tiv, the Hausa, and the Fulai "

Nigeria; the Suku and the Mbuti u li

Leopoldville Congo; the Northenii'i

mali; the Rwanda; the Ganda an(h|

Jie of Uganda; the Tiriki of Kenya Uj

Swazi; and the !Kung Bushmen
Kalahari Desert. Their institutions

comparable to those of many other

can societies not mentioned in the

thus providing a base from whi

broader view can be projected.

Each article is divided into a mo
less standardized set of categorie

which the more important are loc

language, habitat and climate, s

ment pattern, ethos (value syst

economy, social organization, man
life cycle, political organization and

religion, and change. Selective b

graphics conclude each chapter;

are annotated. The editor connect

articles by brief prefatory discuss

In themselves, the articles are al

unexceptionable. When we conswl

however, the stated primary obje

of the book—to inform readers who

i ivii



I no more than an introductory

e in general anthropology—most of

seem highly specialized in their

nology and level of abstraction,

e sections show a certain geographi-

lustering and cultural overlap. Out

teen articles, only three deal with

les outside English-speaking Africa.

)Ugh probably unavoidable, at least

mportant entities are omitted: the

ating peoples of the vast Congo

forest (of which neither the Suku

he Mbuti are representative ) , and

edentary. non-Islamic populations

si em Sudan.

ere is a sprinkling of minor factual

ypographical errors and of ambig-

usages. The book's design is not

ly of its content; it is a conventional

ook—blocky in form, grayish, and

nally illustrated. A good part of the

seems superfluous or whimsical.

lile the book should be valuable for

ing and research (much of its ma-
is published for the first time), it

; loo important a source to be so

(I in its range of readers. Some re-

1. cither by simplifying and stand-

ing the terminology or by providing

ninal glossary of scientific and Afri-

isages, would probably accommo-
he many who do not have the back-

id necessary for the present edition,

inclusion of additional sections

—

if two volumes were necessary

—

. bring Peoples of Africa close to a

tive treatment of its subject.

Leon Siroto
Chicago Natural History Museum

ERFLIES AND MoTHS, by Alfred

er and Josef Bijok. The Viking

\.S10.95; 126 pp., illus.

IrTERFLY collectors are of three

dnds, and so are books about but-

's. Some collectors build up a com-
collection of the species occurring

;iven area—normally their own—or
• species of a certain family group,

as the sphingids or the hesperids,

sample. Other collectors need the

•flies as a basis for scientific studies

jiological, evolutionary, or zoogeo-

lical nature. Together these col-

s constitute the group known offi-

as lepidopterists. They need
. but books of a scientific character,

is systematic monographs.
?n there is a third kind of col-

. Members of this group build up
collections for only one reason-
he result be something beautiful

ik at. Their primary concern, it

be admitted, is not with system-
ecology, or zoogeography; they
e their butterflies solely for the
ire of looking at them and show-
lem to admiring friends. It is for

persons that the present book has
written and edited. After a short

[|r

introduction of a somewhat strange lit-

erary character, dealing with such di-

verse persons as Plato. Martin Luther,

Oliver Wendell Holmes, St. Thomas
Aquinas, and Thomas Hobbes—none of

whom has the slightest connection with

butterflies—come the plates. This new
edition has thirty-nine of them, all of

outstanding quality and demonstrating

just how well West German printers can

do when at their best.

The original edition had forty-two

plates, thirty-four of which represented

mounted tropical butterflies. The last

eight plates showed mounted specimens

decoratively placed on flowers that do

not occur in their habitats. The new
edition drops the eight "adorning"

plates, but adds five new ones, showing

sixty-five species of European butterflies

and moths. This seems to be a genuine

improvement, although the accompany-
ing text only covers the distribution as

seen from the point of view of Great

Britain. This is quite enough for a Brit-

ish edition, but an American collector

would no doubt prefer to know some-

thing of the entire European distribution.

The book has practically no system-

atics value, but it is beautifully pro-

duced—among the best I have ever seen

—and therefore is well worth placing on
the butterfly bookshelf.

T. W. Langer
Royal Library, Copenhagen

A Cheyenne Sketchbook, by Cohoe.

Commentary by E. Adamson Hoebel and
Karen Daniels Petersen. University of

Oklahoma Press, §5.95 ; 96 pp., illus.

THIS delightful little book reproduces

a collection of paintings by a

Cheyenne Indian named Cohoe. In 1874,

Cohoe was one of the Cheyenne terroriz-

ing the southern plains. Forced to sur-

render in December of that year, Cohoe,
along with other hostiles, was sent to

prison at Fort Marion, Florida. Among
the Plains Indians, men were accustomed
to depicting their war exploits in paint-

ings on buffalo hides. Shortly after arriv-

ing at the prison, some of the Indians

began drawing on paper to pass the time

and to earn a little pocket money. Cohoe's
paintings are among the best produced
by the captive Cheyenne.

After an introduction that gives a brief

account of Cohoe's life, twelve of his

paintings are reproduced in color. Ac-

companying each reproduction are a few

pages of commentary on his artistic style

and the ethnographic details in the

paintings. The commentators skillfully

use the art to give a sketch of Cheyenne
culture and of Plains Indian culture in

general. The quality of the color repro-

ductions is good. The book is further

illustrated with photographs.

Stanley A. Freed
The American Museum

V\fANTED
10 VENTURESOME TRAVELERS

Experienced Leadcr-Drivcr-Outdoorsraan with
Assistant & Rostess-( ook will continue exclusive

adventure-camping, siKlitseeing A; pack trip to

the West &, South in 196G. A luxury Limousine
Coach, limited to parties of ten is utilized en-

route. Best motels are patronized in eastern
states. Activities, ali optional, include climb-
ing, walking on mountain, glacier, valley &
desert plain, evergreen forests; swimming, fish-

ing, birding, fossil hunts, horseback, sightsee-
ing, camptires, eating, loafing, sunning. Mag-
nificent Photography.

Trip 61. June 4 to 24. Grand Circle Camping-
Siglitseeine Tour, 'll days maximum scenic ad-
venture thru So. Dakota. Wyoming & Colorado
features: the Badlands. Big Horns, Yellowstone,
Tetons, Jackson Hole entire (0 days in para-
dise), highest Rockies. A proven route strewn
with wildflowers. fauna anti gcograpliical won-
der. All expense basis. $590.

Trip 62. July 9 to 29. Identical to trip #61.

Trip 63. Aug. 13 to Sept. 3. Wyoming Wind
River Wilderness Combination Camping & Pack
Trip, -22 days of adventure: In So. Dakota; the

Badlands & across the Black Hills. In Wyo-
ming: the Big Horns followed by 11 days in

the Wind River Wilderness, far from civiliza-

tion, close to Gannett Peak, glaciers, sur-

rounded bv scenic grandeur, accompanied by

your own horse to ride at will while encamped.
Activities optional, all superb: Walking. Climb-
ing. Biding. Fishing, Painting, Nature Study.
Photography. Birding. Bring your fiute! A Tip-
Top-Trip. Memorable forever.

All expense basis. $680.

Note—Where time is of the essence, one may
fly either way or be picked up enroute—at re-

duced cost, with respect to the above trips.

Trip 64. Oct. 8 to 15. Great Smoky Mountain
National Park Camping & Sightseeing. 8 days

at foliage time encamped directly in Cade's
Cove (see Natl. Geo. Mag. issue 7/62). Trip
features all points of interest by car and/or
optionally the best trail walks. Entire area is

of exceptional beauty, historical interest. Best
motels enroute. All expense basis. $125.

Trip 65. Non-Camping! Oct. 22 to 29. Great
Smoky Mountain National Park. The Blue
Ridge Mtns. & JefTerson's Monticello. A fortu-

nate contact has enabled us to reserve clioice

space in the charming Little Greenbrier Lodge
at Wear's Cove. Trip features all points of in-

terest including Cade's Cove (see Natl. Geo.
Mag. issue 7/C2). crafts at Pigeon Forge, Gat-
linburg. Clingman's Dome (6643 ft.), superb
meals, photographic opportunity, relaxed tempo.

All expense basis. $165.

When camping all equipment is provided includ-
ing personal packs, 2-person tents, down-filled
sleeping bags, air mattresses, food (and plenty).
plus the cooking, the knou--hoii'. know-where,
the responsibility and experience. Write at
once for detailed itinerary, the modus
operandi, assured reservations.

Murray deCamp Spear, Director

' The Company of Voyageurs

U.
711 Valley Road, Mahwah, N. J.

53 mim^%-mo^

Imported from strange lands of the mysterious
Far East — this valuable collection of 53 genuine
postage stamps from Borneo, Burma, Hong Kong,
Malaysia, Nepal, Siam, Sarawak, Singapore, Viet
Nam, etc. Supernatural Demon-God (half man, half
bird), ferocious wild beasts, ceremonial dancers,
weird oriental idols, many others. Guaranteed worth
over $1.50 at standard catalog prices— all for IOC!
Also, other fine stamps from our approval service,
returnable without obligation—plus FREE Illustrat-
ed Catalog. Send today!

Jamestown Stamp Co., C 26NM Jamestown, N.Y. 14701
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The vanished quagga
iSy David P. Willoughby

PARADOXICALLY, the more numerous
and conspicuous an animal species

becomes, the sooner it may disappear.

A classic illustration is the Passenger

Pigeon, which in the middle 1800's popu-

lated the middle and eastern United

States in millions, yet was virtually ex-

tinct before the year 1900. The American
bison, or buffalo, which now exists in

only a few controlled herds, once

swarmed over the prairies in numbers
estimated up to sixty million. The prong-

horn antelope probably was equally

numerous. Fortunately, both these pic-

turesque mammals were saved from ex-

tinction by legislation. In Africa, many
splendid game animals have experienced

a similar decimation. The springbok, a

beautiful antelope now seen only in

small groups, was described by early

travelers as migrating in immense trek-

bokens containing from ten thousand to

fifty thousand individuals.

The quagga probably never existed

in such large numbers, but its relatively

sudden disappearance from its age-old

homeland, the veld, constitutes a sad

but enlightening instance of what may
happen when human foresight is non-

existent. The quagga was a handsome,
zebra-like animal, with stripes that, as

a rule, covered only the head, neck,

shoulders, and part of the trunk. The
hind half of the body and the legs were

free of markings in most individuals.

The usual ground color of the striped

parts was yellowish red or che?

From the back down, this color g du

ally faded, becoming pale fawn or it

on the belly, legs, and tail. Alon;il:

middle of the back was a broad, «1

stripe. The mane was dark brown itf

fawn bands, although in mounted !-i

mens the fawn color faded to white id

the mane lost its "trimmed" appear n

Zoologically, the quagga was ued

to the group of African striped eq iS

known as Burchell's zebras, named tei

the British explorer-naturalist of lal

name. In addition to the quagga :he

group comprises one extinct and ret

living subspecies and some twent;(ie-

scribed local forms. The extinct raam
known as the true Burchell's zebra nd

was without striping on the legs rid

lower parts of the body. It was tohis

subspecies that the quagga was ojt

closely related geographically an in

coat pattern, although it was quitdif

ferent in body size; the true BurclO's

zebra was considerably larger, so,

there were minor anatomical differcft

between the quagga and the living ui-

chell's zebras (Eqiius burchelli) . vicli

are most closely related structural!}

Identification Problems

THE Burchell's zebras—to distinsiSli

them from the true, or Cape, Qiiga

—were called hontequagga by the ici.

Dutch; the word means "painted, orm

spicuously striped, quagga." This •'\]

Photographed in London in 1870, this is among last of qu;!
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of quagga in the names of both ani-

s is unfortunate, and has resulted in

;h confusion between the two species

en by certain zoologists, who as-

ed that the true quagga was merely

ilor variant of the bontequagga. The

le quagga, incidentally, comes from

Hottentot word quahkah, and refers

lie animal's barking cry. Evidently

cry, or neigh, was identical with

of Burchell's zebra. By the Boers

'as pronounced kivay-hay, the last

ible being much prolonged,

he true quagga never had a wide

;e. During its period of greatest

ndance historically, it was found

1 the central plains of Cape Hope

nd over the vast veld of the Orange

! State. Its northern limit was prob-

[ the Vaal River; its western limit a

] running from the mouth of the Vaal

ir to the vicinity of Swellendam; its

] hern limit the shoreline of Cape

lonv; and its eastern limit the Kei

r. It was exterminated in Cape Col-

li
sometime between 1865 and 1870.

possible that a few individuals sur-

I in the Orange Free State until

I, although some writers give the

year as 1873.

le first mention of the quagga in

ern times seems to have been made
;. Tachard in 1685. He called the

lal "wilde esel" (wild ass), but de-

fed it in such fanciful terms that his

c unt is useless for zoological purposes.

'. first scientific mention of the quagga

e probably that made by George Ed-

Is, who in his book Gleanings of

iral History (London, 1758) showed
or plate of a quagga mare, which he

rneously supposed to be the female of

II lountain zebra—an entirely different

'( of zebra, by the way. A few years

ij . the first authentic, detailed account

i le quagga was published by a Dr.

nand from notes received from
nel Gordon of South Africa. This

unt was reprinted by the celebrated

oh naturalist Buflon in 1782. About

, a Dr. Sparrman corrected Ed-

s' idea that the quagga was the

le mountain zebra. He went on to

'urther, in his book of travels, that

l^uagga was highly valued by the

lists because it would protect their

3 from the attacks of wild dogs and
as. On this point the British natu-

Graham Renshaw comments: "If

old stories are true, the quagga
ed a high degree of courage in fac-

Inimals [Cape hunting dogs] able

nquer the lion. Bay horses, however,

loted usually for their spirit, and
:int entered largely into the colora-

»f the quagga!"
e quagga seemed to prefer the com-
of black wildebeests (white-tailed

) , ostriches, and sometimes harte-

s. In this respect it differed from
'e iurchell's zebras, which associated

tea>;...^wS^"?^ ^-; -=-
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This stunning composition is worthy of John James Audubon. Arrow points to the nervous but
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habitually with the brindled gnu, or je

wildebeest. Moreover, it is said thatiie

quaggas did not mingle with the hJs

of Burchell's zebras, but remainecin

separate groups.

Decline of a Species

MANY travelers over the veld du

the period 1773-1820, and sie

even a decade or two later, found le

quagga in vast numbers. William Jm
Burchell, writing in the year 1812 aluj

the herds of quaggas then on the \,d.i

remarked: "I could compare it [the al-

ter of their hoofs] to nothing but to le

din of a tremendous charge of cavalry jr

to the rushing of a mighty tempes 1

could not estimate the accumulated nn'

ber at less than fifteen thousand, a gal

extent of the country being actuly

chequered black and white with tiii

congregated masses. As the panic card

by the report of our rifles exteiiii

clouds of dust hovered over them, id

the long necks of troops of ostiii's

were also to be seen, towering above le

heads of their less gigantic neighbus.

and sailing past with astonishing raJ-

ity. Groups of purple sassaybes id

brilliant red and yellow hartebeesis le

wise lent aid to complete the pirte.

which must have been seen to be p p

erly understood, and which beggar; II

attempt at description."

But alas, the picture painted tli

words by Burchell is one that will n -r

be seen again, for within the half cen ry

following his description the once st

herds of quaggas were reduced to a w

lone individuals. The main cause of is

zoological tragedy was the huntinioi

the quagga by Boer farmers, who iid

the meat to feed their Hottentot worlSj

but who themselves preferred more il-

atable game. The hides were made hi

sacks for the storing of grain, d;d

fruits, and dried meat, although wain-

loads of them were also taken to le

coast and shipped abroad.

While the exact date of the final t i

mination of the quagga in the wild -If

is unknown, owing in part to the ii-

fusion by many observers of this spf

with Burchell's zebra, it may be si i

probably not later than 1879. The i

known quagga in captivity died in 1
'<

The Last of the Quaggas '

IN
the early 1800's and even he f

quaggas were occasionally tamed "i

shipped alive to various zoologieal ii-

dens in Europe. In a number of insia

they were broken to harness, and I
i

is a record of two young adult nes(

being driven in Hyde Park. Londoi bv

a Mr. Sheriff Parkins in 1826. A;"

about 1860, a team of quaggas was '

in Regent's Park for drawing a w; '

that supplied food for the other ani il-

in the zoo. A drawing by Edward.'lf-

picted one of the first specimens o li'i
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R. WiLLOUCHBY is currently engaged
publishing the results of thirteen

!ars of research on the genus Equus.

r

;gga to reach Europe alive, although

be plate, made in 1751, some of the

ijSures and bodily proportions were

il udly exaggerated. This particular

ijnal was the property of the Prince

)i /ales.

wo of the most interesting specimens

)) iving quaggas were the male and

h female that once lived contempora-

K isly in the Regent's Park Zoo in

^ don. As there has been much con-

i jn attending the identities of these

:\ -among the last living specimens

if leir race—I should like to clear up

K e of the errors involving dates, ani-

11 i. and final disposition of skins and

il etons. In 1858, Sir George Grey pre-

e ed a male quagga to the Zoological

5, ety of London. This animal lived in

I eiu's Park until June, 1864. Its skele-

is in the British Museum (Natural

i cry) , as is also the mounted skin.

he second Regent's Park quagga was
1 'male purchased by the Zoological

i^ ety on March 15, 1851, which died

It! uly 7, 1872. It was noteworthy be-

;; -e it was one of the only specimens

il] ographed in life, two different pic-

1^ s having been taken in the summer
i| 870 by Mr. F. York. The only other

lijre of this quagga was taken by

ir. Frank Haes. After death, the skin

il lis animal—said to be in "bad" con-

li in—was lost. The skeleton, however,

V| preserved, although no one, evi-

e ly. knew where it was until I "redis-

c red" it in March, 1952.

seems that after the animal died,

1^872. the body was sold to a London
lermist named Edward Gerrard.

^-ard disposed of the skin, but pre-

:d the skeleton for mounting. In a

r dated April 14, 1873, sent to the

ij'rican paleontologist 0. C. Marsh,
Hard offered the quagga skeleton for

4 This offer was promptly accepted

i larsh, who presented the skeleton to

ij^eabody Museum of Natural History
finale University. I measured this

kjston. including the skull, in 1952,

ugh the courtesy of the former Cura-
it Peabody Museum, Dr. Joseph T.

•' ;ory. Since the skeleton was of an

^1 female quagga, which was known
ave been purchased by Professor
^h from Edward Gerrard, it solves

mystery of the missing female
ij;ga photographed by York.
,ie last living quagga was another
de that lived in the zoological garden

tjimsterdam from May 5, 1867, to

'list 12, 1883. Its skull and mounted
' are in the Amsterdam Museum.
'" other quagga survived the London
-lie; this, too, was a female, and it

4kept in the Berlin Zoo until 1875.

elegant fowl
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;y—an exhilarating setting for, per-

i, religious rites. The other buildings

J large and well shaped, but, although

lied, little remains there except their

,1 ide walls. The observatory, so called

ijiuse it resembles other structures

II Icsoamerica that were used for as-

r iiniical studies, is badly overgrown,

I only its general, round shape can

i( iscerned. The wall, more than twenty

d high, runs along the western

,(ler of the site for about seven hun-

1 i feet until it meets a deep gorge

h cuts through much of the site. Both

h wall and gorge would have afforded

( I ])rntection to the town. The wall,

( ever, had been reconstructed in the

; I' part of the twentieth century, and

u RT investigation would be necessary

I elermine how much of it was in-

I ted by its reconstructor. I fixed the

( lion of the site in relation to a land-

ik (the church steeple of the mod-

r town of Huexotla). drew a sketch

1 . measured the wall, took photo-

I fis. and recorded all other relevant

; before leaving.

le next two sites on my agenda were

i! le state of Puebla, about one hun-

1 and twenty miles southeast of

I ico City. The first was Huaquechula.

i\ li Cortes described in a letter to

;i-les V. dated October 30, 1520, as

seated in a plain bounded on one side

v ery high and rugged hills, and on

li iitlier by two rivers about two bow
li i apart, each of which flows through

e deep and large ravines. There are,

e(|uently, very few entrances to the

li and those which exist are so rough
n cend and descend, that it can hardly

le rromplished on horseback. The en-

city is surrounded by a very strong

of stone and mortar, the outside

g about twenty feet high, while from

inside it is about on the same level

the ground. There is a battlement

g the wall three feet high, to pro-

them in fighting, and they have

entrances, broad enough for a man
Iter on horseback. At each of these

mces, there are three or four curves

e wall, doubling one over the other,

above these turnings there is also a

lement on the walls, from which they

fight. They keep a great quantity of

orts of large and small stones all

% this wall which they use in fight-

It was this wall that I hoped to

at the site.

laquechula is now a poor com-

ty, with its houses badly in need

J5pairs and its plazas filled more
^ weeds than grass. Yet it boasts a

•ej tiful seventeenth-century church
li marvelous painted walls and carved
"( w(jrk, as well as some once elegant

lol es with lovely inner courtyards that

la from the same century. But finding
I" iiwn is not the same as locating the

c: il site described by Cortes. In such
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LAPLAND
THE TOP OF EUROPE

iJit. HANS BKSKi'W

S4Ssa*t>iiMm* 4HHJ9CIsmzM

A FASCINATING STUDY TOUR

OF THE LAPPS, THE FAUNA,

AND FLORA OF LAPLAND

34-day tour

This is an intimate, exceptional tour of tiie

spectacular scenic MIDNIGHT SUN region, north

of the Arctic Circle, combined with an authori-

tated presentation of its unique flora, fauna

and scenic wonders like NORTH CAPE and the

northern fjords of Norway.

Our escort and lecturer will again be

DR. HANS BESKOW
former curator of the Lulea Lapp Museum, as-

sisted by prominent local experts

NEW YORK departure

NEW YORK return

July 10, 196B

Aug. 12, 1966

Total cost, incl. Economy Class Airfare U.S.

$1895.00 per person

SAME TOUR 21 days

LAPLAND ONLY

omitting Norwegian Fjords, Oslo and
Copenhagen

New York departure

New York return

July 11, 1966

Aug. 1, 1966

Total cost, incl. economy class air fare U.S.

$1198.00 per person

LINDBLAD TRAVEL INC.

One East 53rd Street,

New York, N. Y. 10022

Please send Lapland folder to

Mr. Mrs. Miss

Address

City State Zip Code

a situation, local people are sometimes

a help, but one soon learns that while

they may know of "an old wall" or other

ancient structure nearby, their direc-

tions are often too vague for a stranger

to follow. I decided to ask for a guide

The guide I found knew of no old

walls there, but he did know of an aban-

doned building near a deep ravine out-

side the town. The building turned out

to be modern, but near it. between the

ravine and the town, is a rise of land that

continues for some distance around the

town. Although the land is overgrown,

I found potsherds and worked obsidian

on its surface, which indicated that I

was on an archeological site. I also

found large, broken stones that could

have been part of the wall Cortes had

described, and the shape and height of

the slope suggested that portions of the

wall had perhaps fallen and gradually

become covered over with soil and foli-

age. Unfortunately, on this brief recon-

naissance, there was not enough time to

dig test trenches that might have

yielded evidence of artifacts and made it

possible to determine if this was in-

deed Cortes' wall. I did. however, make
the appropriate notes and photographs.

The next two sites I investigated—

Iziicar de Matamoros and Cacaxtla—

also failed to furnish substantial evi-

dence of military features. As Cortes had

described Iziicar de Matamoros (its

pre-Hispanic name was Itzocan ) :

"This city may have some three or

four thousand households, and its streets

and markets are well laid out. It has

one hundred mosques and strong ora-

tories with their towers, all of which we

burnt. It stands on a plain at the foot

of a medium-sized hill, where they have

a very good fort. and. on the other side

towards the plain, it is surrounded by

a deep river which flows near the wall,

which is thus surrounded by the deep

ravine of the river. Over the ravine they

have made a battlement, about six feet

in height, which extends all round the

city, and all along the wall they had

placed many stones."

Unlike Huaquechula. Iziicar de Mata-

moros is today a good-sized city, much
larger than the original Itzocan. and al-

though it seemed unlikely that the bat-

tlement could be located, perhaps at

least the fort could be found. I ques-

tioned the local people, and was led to

a hill west of the city. The eastern rise

of this hill is densely covered with pot-

sherds and cut stone, and the western

rise is more sparsely covered with the

same material. Almost at the crest is

the outline of a stone structure. Its

maximum dimensions are about 95 feet

by 63 feet, and it is divided into six ir-

regular sections. It would have been dif-

ficult to establish that this bare outline

was. in fact, the remains of a fort.

The Cacaxtla fortification, in the

HANDCARVED IVORY PAINTED BIRD
Complete with stand-money back guarantej

$6.95 P.P.D. ea.: 2" long.

Wood Duck, Mallard, Canada Goose, Pheasant, 'ill,

Owl, Golden Ptieasant, Blue Jay, Cardinal (M F),

others.

Unpainted Ivory Animals—2V4" long
.

$7.95 P. P.O. ea.:
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Rhinoceros, Hippopotamus.

Ivory Horse, 2" -4.00. 3" -8.00. 4"-18.00. 5"- .„
Ivory Shell, 2"-5.00, 3"-10.00. 4"-25.00, 5"-.(l(

Valuable Collectors' Items! John F. Kennedy

memorative envelope bearing portrait of fami

President and highly-prized First Day Cancellatiorl

his 47th birthday. PLUS Assassination Anniven)

Cover postmarked officially with scarce NoverrJI

22nd Dallas, Texas Cancellation! As an introduca
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for both historic Memorial Treasures. We'll also s
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and New Offers of JFK stamp issues just relea;'
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: of TIaxcala, had served for a time

e Aztec period to protect the people

16 state from attack by neighboring

ula. One archeological report de-

)es the site as a hill protected on

sides by deep gorges and surrounded

litches cut into the rock. After two

of searching. I located the hill and

1 leep gorges, but the hill is so badly

r ed that the ditches have only an

r rphous form.

Clues to the Past

[E fifth and. as it turned out, the

ast site of the survey was Tepexi

iejo in the state of Puebla. Located

It sixty miles southeast of the city

'uebla, it was visited in 1807 by a

ich traveler named Dupaix. who

rted that one building there con-

ted a fortification system. Dupaix's

rvations, however, were cursory be-

e snakes that lived within the struc-

discouraged any close investiga-

. Armillas described Tepexi el Viejo

i;951 as a hill-fort site protected by

ii, moats, and "a bastion with loop-

ii." Another Mexican archeologist,

i nen Cook de Leonard, reported in

5 that archeologists seldom visited

1 area because it was notorious for

3 lults made on travelers." According

ijer, the major part of the site con-

sd of a unified fortress. In addition,

1 noted pyramids, a palace, and a

uber of other structures.

le nearest modern town to this site

spexi de Rodriquez; the route be-

V n them winds over hills and around

6 gorges, and the one road that runs

I

the ruins was impassable with my
A guide from the town knew the

ral direction, and although it took

; hours to walk to the site, the path

remarkably direct; we took few

turns and seldom backtracked. As
lade our way along the top of a hill.

h was bordered on three sides by

gorges, we passed a cornfield filled

potsherds, worked obsidian, and

[tone. Then suddenly, when we were
' of the foliage, the ruins were di-

!(y in front of us. The effect was

:^ling. Although both the guide and
1 !w something about Tepexi el Viejo,

e id not expect it to be so extensive

T in such good condition. Its pre-

:i d state, along with its isolation, gave

i'le feeling of coming upon a town
li had only recently been abandoned.

e main sector of this site is on an
- ped flat hill that extends about 750
t in both east-west and north-south

ii tions. There are two great mounds
s ?ite, and two smaller ones, as well

' '1 buildings, each containing about
X ooms. Nearly two dozen additional

fi s are found on lower levels in the

t); lern sector of the hill. The most
it rkable aspect of the site is the huge
a that goes around the perimeter of

the main sector. It was built against the

side of the hill, and in some places is

more than fifty feet high. Its position on

a hilltop, the impassable gorges on two

sides, and the large encompassing wall

furnished Tepexi with excellent protec-

tion against assaults.

I fixed the position of the site in re-

lation to the church steeple of Tepexi

de Rodriquez. about four miles away
and barely visible, and drew a sketch

map of the main sector, roughly placing

on it the mounds, buildings, and rooms.

I also took about seventy photographs,

wrote a detailed description of the site,

and recorded information on the geog-

raphy of the area and on other pertinent

facts, such as access to the site and the

possibility of setting up a camp in the

nearest village.

Sometime later, when I studied the

data I had collected from visiting five

sites (Molcaxac, the sixth, was aban-

doned because of insufficient informa-

tion concerning its location ) , it was clear

that Tepexi el Viejo presented the best

opportunity to study the problem of mili-

tary organization in the Aztec period. It

was in a good state of preservation and
was clearly a site with military features.

I arranged to launch an investigation

the next summer, when a full map of the

site and a plan of the structural remains

would be made, and test trenches dug
so that artifacts could be analyzed.

A description of the military fea-

tures of Tepexi el Viejo should help to

clarify the character of other fortified

towns of the Aztec period, and a com-
parison of the artifacts with artifacts

from other sites should indicate the re-

lationships of this town to the Aztec

capital of Tenochtitlan and other forti-

fied towns. Ultimately, then, the inves-

tigation may lead to an understanding of

the nature of military organization in

ancient Mexico.

On the face of it, a site survey seems
far from an intellectual activity, but that

is precisely what it is. To be sure, there

is a great deal of physical effort involved

—climbing hills, stumbling into gorges,

and trudging over miles of barren land

—but the driving force is professional

purpose. For the archeologist, the goal

is not to find just any site, but to find

one that will help him better to under-

stand some particular aspect of the

culture and history of the vanished past.

This list details the

or other source of i

COVER-WMIiam Tavolga
10-ll-Richard G. Zweifel
12-16-AMNH after

Carl Cans except
14-15-bottom, Cans
17-Richard G. Zweifel

18-23-E. Javorsky
except map, AMNH
24-29-Courtesy of

Clements Library,

University of Micfiigan

30-33-Peter Merom
34-35-William Tavolga
35-41-Martin J. Wells

photographer, artist,

illustrations, by page,
except diagrams. AMNH
after Wells; 35-37-
Courtesy of Scamford
University Press
42-47-Thomas E. Eisner
48— Hans S. Dommasch
49-top, Don Fritts; bot-
tom, Gordon W. Maxcy
50-Hans S. Dommasch
51-Robert F. Smith
52-54-Helmut Wimmer ex-
cept 53-Eugene Harlan,
Lick Observatory
55-AMNH
60-F. York

PRE-COLUMBIAN

ARCHAEOLOGICAL SITES

IN PERU, GUATEMALA,

HONDURAS, MEXICO,

and YUCATAN

For the fourth consecutive year

we have organized a Pre-

Columbian tour to such famous

sites as Machu Picchu, Chan-

Chan, Tikal, Copan, Teotihu-

acan, Mitia, Monte Alban,
Chichen Itza, Uxmal and many
others.

In fact—due to the success of

the previous field trips, we
have set two departures in

1966-one on JULY 8th and a

second in early NOVEMBER.

This is to offer an opportunity

to the many who cannot travel

at any othertime than summer.

A number of improvements

have been made— including a

lengthening of the stays in

Peru and Yucatan to allow for

rest and relaxation.

Expert guides and archaeolo-

gists will travel with the group

throughout, to lecture on the

sites about the splendid civili-

zations that flourished long

ago under the Incas, Mayas
and Aztecs.

Send for the interesting and at-

tractive folder:

Lindblad Travel, Inc.

One East 53rd Street

New York 22, New York

Send your folder describing the Pre-Columbian

Archaeological Tour.

NAME
(Mr. Mrs. Miss)

ADDRESS

CITY STATE
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GOLD STAMPS/

To Introduce You to America's Favorite
Hobby and World's Largest Stamp Firm:
Scarce round and heart-shaped stamps from

Tonga, printed on gold leaf—unique in world

postal history! Spectacular collection of other

genuine postage stamps from exotic South Sea

islands — Pitcairn, Solomons. Christmas, Fiji,

Samoa, Nauru. Polynesia, many others, 28

valuable stamps — all for 25C! Also other fine

stamps from our approval service returnable

without obligation — plus FREE US. Catalog.

H. E. Harris, Oept. D-233, Boston, Mass. 02117

WARNING! THIEVES WILL
STEAL YOUR LUGGAGE

Thousands of travelers are "hit" by thieves!

Car clouters can easily break into your auto

using nothing more than a beer can opener and

strip it bare. They'll steal everything. Why

take a chance? Protect your luggage. Gossner

Cable Lock is a versatile theft protection de-

vice. Fully adjustable, it's made to protect lug-

gage, tools, sports gear, etc. Lock provides 36"

steel cable, reeled from stainless steel case, to

lock property to something solid. Cable winds

back into case and locks tight. Don't invite

thieves to steal your luggage-or they will!

GOSSNER CABLE LOCK #36 ONLY $3.95 ppd.

INTER PACIFIC LTD.
World Trace Center, San Francisco, Calif. 94111

OVERSEAS NATURE TOURS

We've been assemblins some remarkably fine

groups of people and seeing some of the great nature
sights of the world. Drop us a line.

EUROPE: Three tours following Spring north
across Europe: The Continent. 4 wks. in May; Brit-
ain, 3 wks. in June; Scandina\ia, 4 wks. in July.

Also Iceland. 2 wks. in .Tune.

AFRICA: "Birds of Africa"—a magnificent clr-

ruil of the continent—west, south A: easL. The Congo.
Kruger Park, Victuria Falls—and all the famous re-

serves of East Africa. Our species list last year in-

cluded 672 bifils and 72 mammals. 4 wks. in August.

AUSTRALASIA: Australia, New Zealand and
Melanesia. Sept. -Oct. 1967. India, S.E. Asia,
Philippines ^"^ Japan. Feb. 196S.

LATIN AMERICA: Mexico, five 2-wk trips to dif-

ferent ecological regions. Suuth America. 4 trips:

The Andres: the Jungle Regions; Tierra del Fuego
and the far south; the Colombia-Ecuador-Peru
region.

DOMESTIC TOURS: Two-week tours under top
nature leadership: Texas in April; Arizona in May.
In i;f66 Florida in Jan. Newfoundland & Labrador
in July. Comins: 3 wk. North-with-the-Spring trips

in the Rockies and the West Coast ranges and an
Alaska Tour.

Emphasis on birds, but strong secondary attention

to wildrtowers ami other life forms. Small cooperative
parties, expert group and local leadership moderate
cost. We seek out back-country routes, try for an
experience-in-depth of the natural scene and the
people. . . . Come alongl

CROWDER NATURE TOURS
Box 1760-a • Washinnton. D.C. 20013

Suggested
Additional Reading
LOCOMOTION WITHOUT LIMBS

SiDEwiNDiNG Locomotion in Snakes.

R. Cowles. Copeia. Vol. 4, pages 211-

214. 1956.

Terrestrial Locomotion Without
Limbs. C. Cans. American Zoologist,

VoL 4, No. 2, pages 167-182, 1962.

How Animals Move. J. Gray. University

Press, Cambridge, 1953.

On the Locomotion of Snakes. W.
Mosauer. Science, Vol. 76, pages 583-

585, 1932.

SUBTROPIC FLORA THRIVES ON
50TH PARALLEL

The English Garden. E. Hyams. Harry

N. Abrams, Inc., N.Y., 1964.

EARLY MAPPING
OF THE LAND AND SEA

The Story of Maps. L. A. Brown. Little,

Brown and Co., Boston, 1949.

Maps and Their Makers. C. R. Crone.

Hutchinson House. London. 1953.

The World in Maps. W. W. Jervis.

Oxford University Press, N.Y., 1938.

Early Atlases and Colour in Map-
making. R. A. Skelton. The Geo-

graphical Magazine, London, April,

1960, pages 529-553.

INVERTEBRATE LEARNING
The Functioning of the Statocysts

OF Octopus Vulgaris. B. B. Boycott.

Proceedings of the Royal Society of

London, Series B, Vol. 152, pages 78-

87. 1960.

Proprioception and Visual Discrim-

ination OF Orientation in Octopus.

M. J. Wells. The Journal of Experi-

mental Biology, Vol. 37, pages 489-

499, 1960.

Taste by Touch: Some Experiments

vriTH Octopus. M. J. Wells. The

Journal of Experimental Biology,

Vol. 40. pages 187-194. 1963b.

Learning and Discrimination in the

Octopus. J. Z. Young. Biological Re-

view, Vol. 36. pages 32-96. 1961.

BEETLE'S SPRAY
DISCOURAGES PREDATORS

Chemical Defenses of Arthropods.

L. M. Roth and T. Eisner. Annual Re-

vieic of Entomology, Vol. 7, pages 107-

136. 1962.

Defense Mechanisms of Arthropods.

XII. J. J. Hurst, J. Meinwald, and

T. Eisner. Proceedings of the Entomo-

logical Society of America, Vol. 57,

pages 44-46, 1964.

Defense Mechanisms of Arthropods.

XIV. Y. C. Meinwald and T. Eisner.

Proceedings of the Entomological So-

ciety of America, Vol. 57, pages 513-

514, 1964.

Defense Mechanisms of Arthropods.

XV. T. Eisner, F. McHenry, and M. M.
Salpeter. Journal of Morphology, Vol.

115. pages 355-400. 1965.

HACKMATAdd
CAMP FOR BOYS AND GIRLS i

,

INTERESTED IN •
j

SCIENCE AND NATURAL HISTORY

A wonderful spot for youngsters 12

years of age! Here in the beauul
Berkshires our special facilities id

expert staff is ready to help those n-'

terested in natural history subj' s.

Geology, botany, birds, conserve m
the sky, and ail that lives in the eM
the air and water.

|

Swimming, riding, shop, crafts, dyj
farm activities.

Eight week season only '

'

• Virile about your child to •

GEORGE F. DILLM/i
OTIS, MASS.

'

l^

CANOE TRIPS

45 young men, ages 11 to 18. Fouil

groups placed according to age and e?

ence. Seven weeks (six weeks J'ioi

Group). Separate survival group. S'lei

of lake and white water canoe tri ir

Maine and Canada: Allagash, St. oii

River, Grand Lake-Machias. Base mf

located on Grand Lake, Maine.

Campcraft training. One week pes'

son work camp. Quaker leadership.

FAMILY CANOE TRIPS
PLANNED AND OUTFITTEl

Write: GEORGE N. DARROW
780 Miilbrook Lane

Haverford, Penna. 19041

Phone: area code 215 Ml 2-8216

LIVE TRAP FOR FUN OR PROil^

Foolproof HAVAHART traps capture squ

rabbits, chipmunks, mice, possums, si

Take mink, coon without injury to anir

pelt. Sizes for all needs. Easy to use—opei
give animal confidence. Galvanized. No J£

springs to break. Won't harm children,!

poultry. Write for valuable illustrated I

with trapping secrets.

HAVAHART, 158-F Water Street *

Ossining, New York

Please send me FREE new 48-page guidani^

price list.

h
U
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EEP PACE WITH SPAC£ AGE! SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

for FUN, STUDY or PROFIT
'FISH' WITH A WAR SURPLUS

GIANT MAGNET
ring Up Under-Woter Treasures

: run I Profllable. tool SiniplT trail thli

;rhtl 5 111. Majjnet dui Ihe stem of

boat—rctrlere outboard motors, fiihlng

le. ancliors. otiier metal valuablei-

, CO V-Tyue Magnet )ias lerriQc Uftlni
;r— 2(Hin Gauss ratiiis— Hfts orer 150 lbs, on land—
^ under waler. Many industrial uses, too: recover tooli

parts from Inaccessible spots, liold work in place, rid

. tinnrs (if niMial fr;i-iiicnts. pins. etc.

. k No. 70.571-E 5-lb. Magnet SI2.50 Pstpd.

k No. 70.570-E 3'/3-Ib. Lilts 40 lb * " '"' "-*-"'

k No. 85.152-E 153/4-lb. Magnet
fts 350 lbs.

$ 875 Pstpd

$33.60 FOB

^ ^ ^ CRYSTAL GROWING KIT

Do a Crystallugrnpliy project lllus

ir itcd with large beautiful crystals

\(Hi urow yourself. Kit includes the

hnok "Crystals and Crystal Growing"
;iiid a Kcnerous supply of the cliemi-

- cals yiKi need Lo firow large displa>
cry^iiais of poiassium aluminum sul-

loljis^iiiin sulfate (purple), potassium sodium
1. nicijcl sulfate hexaliydrate (blue green) or

(green), potassium ferricyanide (red), and
' (l)tuc green).
336-E $9,50 Postpaid

' NEW! STATIC

ELECTRICITY GENERATOR
Sturdy, improved Model

Sec a thrilling spark display as you set ofT

a miniature bolL ol lightning. Sturdily
made—stands 14" high. Two 0" plastic
discs rolatc in opposite directions. Metal
collc(ti>r brushes pick up the static elec-
trji'iiy. store it in the Leyden jar type
< (irnli'riser until discharged hy the jumping

, 2'I page illiislrarod booklet included.
Stock No, 70.070-E $12.95 Postpaid

Precision Marine Time Piece

SHIP'S BELL CLOCK
Faithful Time Afloat or Ashore

Handsome metal case in either brass or
A.,^iHBlJ cliromc. Highly corrosion resistant for use
OOSn-JBct on shipboard or home. Finely made, un-
^ " usually high (lualily. 8-day clock has

familiar 1 to I'l dial—also marked with
iM-liour system of timekeeping and tradl-

1 walcli periods from Evening (or First) Watch through
>^ lid l>iig W'alch. Chimes nautical ha If- hour intervals
f 1 hi s lulls (can be turned otT), Thermometer at bot-
I "f dial. \V|. G lbs.

£k No. 70.781-E Brass $60.00 Ppd.
E k No, 70.782-E Chrome S60.00 Ppd.

0-150-300 POWER MICROSCOPE
? zing Value — 3 Achromatic Objecti\e
1 i~ nil llevolving Turretl Imported! The
c -cniToctcd, cemented achromatic lenses in

li ilijci'iives gives you far superior results to

t^ single lenses found in the microscopes
s ] III Ibis range. Results are worth the
tl rcin'c! Fine rack and pinion focusing.
Sk No. 70,008-E $16.50 Pstpd
10UNTED 500 POWER OBJECTIVE

1 adcd for easy attachment on above mlcro-
s (.'. Ai liruniiilic lenses tor line viewing. 3

n fofal length.

Sk No, 30,197-E $5.00 Pstpd.

F ol Grip! Tripod! Window Mount! Wrist Strap!

NEW SMALL BUT POWERFUL

lOX TELESCOPE
Has Everything You Need!

Beautiful little instrument, 5" Ig. , fits

hand perfectly, weighs only T^^ oz. Big
tfj_ objective lens—full 30mm diain.; pris-
iltiXt inatic; bright, right-side-up image,

l^orfect for vacationers, nature lovers.
-iiiLii, birdwatchers, etc. So compact, will lit in your
ii. ladies hantlbag, glove compartment, brief case.
lo Imx. etc. You're never without a rigid support—in-
-• 111 S" tripod (extends to 10". has rubber feet) with
1;^ iiaiuiing head: (2) pistol grip: (3) screw-in-wri3t
1; I !) rubber padded car window mount. Threaded eye

iiir fast, smooth focusing from 20 ft. to infinity. 215
ill. I of view over 1000 yards. Coated objective and
iiro. Fine, enamelled metal body, tan finish. 5^4" x 2"
/ipiRTcd. simulated leather case,

K No, 70.775-E $26.95 Ppd.

WAR SURPLUS ELECTRIC GENERATOR
Brand new Signal Corps Electric
Generator for scientific experi-
ments, electrical uses, demon-
strations. Generates up to 90
volts by turning crank, Isc in

high imoedauce relays. Charge
ground and bring up night
crawlers for bait or stuily. '2

' CO Magnets alono worth original price. \Vt. 2 lbs.
<, to Govt. $15.
S^k No. 50.225-E $6.95 Postpaid
feo (jpo generator, mounted, with light, as electricity
il inslrator,
Sk No, 50,365-E $11.95 Postoaid

BE READY FOR THE MOON SHOTS
Itangcr. Suneyor, Lunar Orb iter unmanned space probes
will shed oxciting new light on the mystery of the moon
and outer space. See the results close-up. Edmund low-cost,
top-quality equipment and accessories put you right there— provlfie valuable and complete information to beep you
"n target.

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE

Photographers! Ailapt your camera to this Scope for ex-

cellent Teleplioto sliots and fascinating photos of moon I

plus :

TO 1

Stock

ao Power— Famoui Mt Palomar Type! An Unusual Buyl
y. ^ v^^v s. ^ ,«p, ^pp j^ijg iti[,gs of Saturn, the

fT=;cinating planet Mara, huae
riiir on the Moon. Phases of

\ nus Lquaturial mount w..h
k on botli axes. Alumiuized

nJ over coated 3" diameter
liigh speed 1710 mirror. Tele-
ope comes equipped witli a

'11 \ e,\epiece and a mounted
i Sit r low" Lens. Optical Finder
telescope included. Hartlwood,
iKirrable tripod. FREE with

..^ S(ope: Valuable STAR CHART
;.:;-pa-e l[.A.\ 1H;0()K' OF HEAVENS' plus "HOW
SK Y)n u Tici.K.-^rori:' rook
No. 85.050-E $29.95 Postpaid

41/4" Reflection Telescope—up to 255 Power
Stock No. 85-I05.E $79.50 F.O.B.

Superb 6" Reflector Telescope
Up to 57t5 I'dwer Equatorial mount and Pedestal Base
Stock No. 85.086-E $199,50 F.O.B.

New! 2 in 1 Combination! Pockef-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

(S
Useful Telescope and Microscope combined
in one amazing, urecision instrument. Im-
ported! No larger than a fountain pen.

Tclescoue is 10 Power. Microscope magni-
fies 50 Times. Sharp focus at any range.

HaiKly for sports, looking at small objects.

Stock No, 30,059-E $4.50 ppd

AGES-OLD FOSSIL COLLECTIONS
Millions of years oldl 3 full sets

—

HI fii la tic plant and animal fossils
— all for $3 75. EARTH SCIE.STIST
'^l I Dinosaur iione, crinoid ateni,

\ rn loral. worm tubes, petrifled

r- — 4 »,.
^ ' bryozoa stem, lamp shell.^ ^4jt y^— ' alhp sea unhin. oyster, ciam,

ms:=:—3K: :™2. inail fossil CARBOMFEUOrf^
SFT Brarhipod. worm hurl, rrinold

Item, fusnhne. horn coral, bryozosn. snail and cIbdq.
CRETACEOCS SET: Brachipod. oyster, jea urchin, peril-

fled wniid etc. -Ml three sets for one low price"

Stock No. 50.344. E $3.75 Postpaid

SCIENCE TREASURE CHESTS
Science Treasure Chest— extra powerful mag-
net s, polarizing filters, compass, one-way
mirror lilm. prisms, diffraction grating, and
lots of other items for hundreds of thrilling
experiments, plus a Ten I.>en3 Kit for mak-
ing telescopes, microscopes, etc. Full in-
slrufi loii.'..

Stock No. 70.342-E $5.50 Pstpd.
Science Treasure Chest Deluxe—Everything in Chest above
plus exciting additional items for more advanced experi-
ments, including crystal-growing kit. electric motor, mo-
lecular set. first-surface mirrors, and lots more.
Stock No. /0.343-E $10,50 postpaid

Revolutionary Technological Breakthrough in

^~ .^f LIVING UNDER WATER
Underwater Ant Nest Used
to Dramatize Development

._ . ...
^cnsatiunai ik'w du\ckipmcnt may he
foreruiuicr lo underwater cities, the
dav man will live under the sea. Sili-

cone Rubber Membrane enables ants (and other creatures 1

to lue an 1 breithe normally by obtaining life giving
oxygen from water e\en though ant nest is submerged and
scaled oft completely from atmosphere. A\'lien ants consume
oxygen ill ncsi. pressure decreases below that of oxygen
pressure in the water—allows oxygen from water (but not
water) to pass through membrane. When carbon dioxide
nressurc increases inside nest il passes out through mem-
brane. 3" X 5" membrane (.001" thickness) is bonded to
dacron mat for mechanical strength and made exclusively,
by hand craftsmen, for Edmund Seientitic's experimental
customers. Nest comes complete with sand. food, certificate
10 be returned for supply of ants. Complete instructions.
Supply limited. T"so your aquarium or order ours, listed
below.
Stock No. 70.801 -E (Ant nest, membrane, instr,) $8.75 Ppd.
2Vj GALLON PLASTIC AQUARIUM
Stock No. yO,OI4-E $7,95 Ppd.

EXPLORE THE WORLD OF "OP ART"

Fascinating

New Experimenters'

MOIRE
PATTERNS KIT

Fantastic Visual Effects! Limitless Applications

Nowl Exjjcriment with the aiiia/.ing new tool of tomorrow.
Basis of "Oi' ART"— latest rage sweeping the country in

fashion, packaging industries, 1,000's of uses for

hobbyists, photographers, designers, lab and home experi-
menters. Fun! Profitable! rnlimitcd potential. Here's
your complete introduction kit developed hy Dr. Gerald
Oster, Brooklyn Poly. Inst. Contains 8 basic patterns on
both clear acetate lantern slide size SVi" x 4" (.020

thick) and .012" thick white Kromekote paper 3'14" x iVs"
(coated one side): two piece 3Vi" x 4" 150-dot screen on
film. Copy Dr. Oster's book, "The Science of Moire Pat-
terns", an authoritative introduction to the fascinating
\\orld of lunirc.

Stock No. 70,7I9-E (KIT "A") $8.50 Ppd.

Stock No. G0,464-E (without book) $6.50 Ppd.

NOW AVAILABLE IN FULL COLORS
Walt 'til you see the fantastic rainbow of color— all 8 pat-
terns above in full transparent colors, red. yellow and blue.
plus bUuk (loial 401. Coinpl. instructions.

Stock No, G0.530-E (Kit A) $12.50 Ppd.

NEW DE LUXE EXPERIMENTERS' MOIRE KIT "B"
Eight new totally different black and wliite patterns:
Coarse lines; (i5-Iine sines; perspective squares: medium
grating ; Gaussian grating ; converging circles ; elliptical
zone plate; 30-line logarithmic spiral; plus instructions
by Dr. Oster.

Stock No. 70.790-E $6.00 Ppd.

NEW MOIRE KIT "B" IN COLOR
S new pallcrns above in red, yellow and Idue: plus black
(total HM with insl. hy Dr. Osier,

Stock No. C0,53l-E $12,50 Ppd.

NEW JUMBO 20" x 25" MOIRE PATTERNS
Excellent for displays and signs. \\'riLe for details and
prices.

MOIKE PATTEU.N* ACCESSOUY KIT. For additional
e.\perimcnts. Inch metallic balloon, calcile, two kinds of
dillracting gratings, one-way mirror foil, polarizing mate-
rials. Hoiichi rulings, assortments of lenses.

Stock No. 60,487-E $8-00 Ppd.

Terrific Buy! American Mode!
OPAQUE PROJECTOR

rrujccib illusiraiioiis up to a" x 3'/^"

and enlarges iliem to .io" x 30" If

screen is 6'/2 fi- from prujeetor;

larger pictures if screen is further
away. No lilm or neEati\es needed.
Projects charts, diagrams, pictures,

photos, lettering in full color or

black-and-white. Operates on 115

»oU. A C (urrrnl. 6 ft. extension cord and phig inclurlcd.

Operates on CO wait bulb, not included. Size 1?" ^ 8" X

iVz" XV. 1 Ih.. 1 oz. Plastic case with built-in handle.

Stock No. 70. 109-

E

S7.05 Postpaid

OPAQUE PROJECTOR WITH KALEIDOSCOPE
ATTACHMENT

Same set as above, but proviiles entlless additional projects
with evordiangiiig kaleidoscope patterns.

Stock No. 70,714-E $10.00 Ppd.

WOODEN SOLID PUZZLES
12 DitTereiit puzxles that will stimulate
your ability to think and reason. Here
Is a fascinating assortment of wood puz
zles that will provide hours of pleasure
Twelve different puzzles, animals and
geometric forms to take apart and reas-
semble, give a chance for all the family \oung or old to

lest skill, patii'urc and. best of all. to stimulate abilitv to

think and reason while having lots of fun. Order yours now.

Stock No. 70.205-E $3.00 Postpaid

Order by Stock No.-Send Check or MONEY ORDER
Money-Back Guarantee

EDMUND SCIENTIFIC CO., Barrington, N. J.

MAIL COUPON for FREE CATALOG "E"

EDMUND SCIENTIFIC CO.,
Barrington, New Jersey

Completely New 1966 Edition—
148 Pages-Nearly 4000

Bargains
Please rush Tree Giant Catalog E
Name
Address

City Zone State

0«DfR Br ITOCK NUMBIH . SfND CHICK OR mONlY ORDIH . SATISfACTION GUAKANJtlD!

EDMUND SCIENTIFIC CC.barrington, new jersey



If you
own a
Nikon F

you have more than 30 interchangeable Nikkor lenses to choose from;

14 interchangeable viewing screens; 4 interchangeable finders; 2 electric motor drives;

copy and closeup equipment; macro and photomicrographic attachments; filters;

flash units; cases; film cassettes, and an almost endless variety of other accessories.

You have all of this at your command, to draw upon and use, whether you
obtained your Nikon F today, yesterday or seven years ago.

If you are earnestly considering the creative possibilities of photography,
ask your dealer to show you the Nikon F. For details, write:

Nikon Inc., Garden City, N.Y. 11533 Subsidiary of Ehrenreich Photo-Optical Industries, Inc. Distributed in Canada by Anglophoto, Ltd.
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BOAC has 2
kinds of

African safaris.

Pick one.

BOAC's 3-week Wings Safari tour is based

on a simple premise. That you can see an

awful lot of Africa from the cabin of a

twin-engined Piper Aztec. Flying from one

exciting spot to another. Following a route

land-vehicles could never follow.

You'll skim over the broad plains of Ser-

engeti. Soar above the snow-capped peak of

Mt. Kilimanjaro. See things from up above

that you could never see from down below.

What does this totally new kind of African

Safari cost? $2,034* from New York, and

that includes everything from a round-trip

flight to hotels, meals, pilots and special

guides. We also have departures from
Boston, Miami, Chicago, Detroit, San
Francisco, and Honolulu.

Of course, if you prefer adventure that's

more down to earth, take our 3-week Value

Safari. Naturally you can't cover as much
ground, but then you'll see things from down
below that you couldn't see from up above.

AND BOAC CUIVIARD
Servioes operated for BOAC CUNARD by BOAC

You'll edge through narrow jungle passes,

seeing the best parts of Uganda, Kenya, and

Tanzania. Ever spend a night in a treetop

hotel? Or ask a rhino to hold still while

you're clicking the shutter? Then this is the

tour for you.

What will these 3 exciting weeks cost?

As low as $1,529*, everything included.

Want to spend more time in Africa? Let us

know. We'll be glad to arrange it.

For further information, clip the coupon.

Or call your Travel Agent.

British Overseas Airways Corporation
Dept. A-253A I

Box No. VC 1 0, New York 1 00 11
|

MU 7-1600
I

Please send me your free brochures on:

Wings Safari Value Safari i

Name_

City

-Street.

.State_

Zip Code_ _Phone_

L
My Travel Agent Is_



Will you be one of the
privileged Americans

to share in this
unique experience?

AN EXTRAORDINARY projcct-far greater in scope and signif-
*- icance than any art publishing project ever seen — is

lusing great excitement among people with a serious interest
I the cultural life of our time. It is the new Encyclopedia
f World Art, embracing in 1 5 \ olumes of surpassing beauty
II of man's greatest achievements in the visual arts through
le centuries. To turn the pages of these prodigious \olumes
• to read, to learn, to explore their visual delights... is an ex-
erience unlike any you have e\er had before.

In hundreds of absorbing factual articles, prepared by the
lost eminent art authorities -and over 7,000 full-page plates
leasuring a full 9 inches by 12 inches in
ze— you will view rare treasures of re-

owned museums and pri\ate collections

1 over the world. Not only paintings,
'ulpture and architecture -but e\'ery art
om armor to textiles, ceramics to tapes-

y, fasliions and furniture, i\-ory, jade
id stained glass, jewelry and silver, bas-
;try and feather work, is included here.

En9rcIopediaofW)rM/4rt7

i

The magnificent color plates alone, showing 2,000 art ob-
jects (many of them never before reproduced) are a totally

new and striking achie\'emcnt. Due to the extreme care lav-

ished on these plates, the Encyclopedia of World Art is being
issued just one splendid volume at a time, on a unique sub-
scription plan. Should you become a subscriber to the set you
therefore ha\'e the advantage of budgeting vour purchase over
the full period required to publish all 1 5 \-olumes.

Send for free color prospectus

To learn how you may examine \'olumc I at leisure in your
home and, if you wish, become a subscriber to the Encyclope-

dia of World Art. mail the attached card.

You will recei\e a handsome prospectus,
illustrated in full color, with complete
details of this incomparable art library

and the convenient acquisition plan
a\ailable. There is no obligation and no
salesman will call. If card has been re-

moved, write to McGraw-Hill Book Co.,
Dcpt.NH-366, 330 W 42 St., N.Y. 36.
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COVER: Margaret C. English, who has lived all of her life near Kilauea Cra

describes her cover picture: "It was taken on Dec. 17, 1959 [near Kilauea II

The fountain was about 1,000 feet high. This picture was from about a quar

mile away, and believe me it was hot! Trees silhouetted against the fountain

ohia lehua, about 40 feet high, and dead. Trees just a short distance back fr

the edge were not killed. In an area covered by cinders and subjected to gi

heat, trees have revived and are more beautiful than before, as cinder fall

is very fertile." Article on Hawaiian Volcano Observatory starts on page

The American Museum is open to the public without charge every day

during the year. Your support, through membership and contributions,

helps make this possible. The Museum is equally in need of support

for all of its work in the fields of research, education, and exhibition.

Publicalion Ofiice : The American Museum of Natural Hislory, Central Park West at 791h Street, New "V

N. Y. 10024. Published monthly, October through May: bimonthly June to September. Subscription: 55,

year.' in Canada, and all other countries: 35.50 a year. Single copies: S.50. Second class postage pa:

New' York, l\. Y., and at additional ofliees. Copyright. 19bb, by The American Museum oi Natural HisW

No part of this periodical may he reproduced without the written consent of Natuhal HlSTony, The l«

Natuhe Magazine, registered U.S. Patent Office. Unsolicited manuscripts and illustrations suhmilted toU

editorial office will he handled with all possible care, hut we cannot assume responsibility for their say.

The opinions expressed by authors are their own and do not necessarily reflect The American Museimi's p(
>

You will find Natuhal History indexed in Reader's Guide to Periodical Literature and Hook Review Ii^'

I



"j) Theatre Recording Society invites you to the most exciting premiere of the season

"That boy is going to be magnificent!"

"It's ctianging, Willy— I can feel it changing!

"The jungle is dark,

but full of diamonds, Willy

ENJOY THIS NEW RECORDED PRODUCTION OF ARTHUR MILLER'S

DEATH OF A SALESMAN or s-i
starring LEE J. COBB and MILDRED DUNNOCK in their original Broadway roles ' |

95
[catalogue!

price: I

$18.85 J

The complete play
on three 12-inch
longplaying records,
beautifully boxed,
with illustrated 36-

page Folio, contain-
ing the full script.

' ou ARE INVITED to share in an historic "first"

in American theatre— a superb recorded pro-
1 ;tion of Arthur Miller's unforgettable drama
.: alh of a Salesman—perioTined in its entirety,

i 1 featuring the two great stars who created
I leading roles on Broadway.

^ere, staged expressly for listening, h the play
' ich stunned and moved to tears our entire

i eration. Everyone who knows Arthur Miller's
i sterpiece has recognized in it some part of
1 iself and his family. As virtually no other
utemporary drama has done, this play has be-
«ine part of the fabric of our lives, since first

< taring the Drama Critics' Circle Award, the
. toinette Perry Award, and the Pulitzer Prize.

This three-record album (catalogue price:
S .85) is offered for only $1.95, plus shipping,
i ntroduce the Theatre Recording Society.

\ s a member, you will enjoy exciting new re-
i ded productions of the world's greatest plays.
(!cent selections have included Tennessee
^ liams' The Glass Menagerie, starring Mont-
fnery Clift and Julie Harris -and Bernard
5 .w's delightful Caesar and Cleopatra, star-
I; Claire Bloom, with Judith Anderson as
I tateeta.) Each play is recorded on 12-inch
1. gplaying records, beautifully boxed, with a
I ;inating companion Folio.

' ou take only the plays you want. Every two
[
nths, the Society sends you its informative
eview" Bulletin, describing the forthcoming

i 1 production. You may take as few as four

albums over a period of two years — choosing
from either the current selection or the Society's

extensive repertoire of new play productions.

You pay special low prices. Although these
lavish play albums cost non-members far more,
you pay only $8.90 and $12.90 for two-record
and three-record boxed sets. Monaural and stereo
versions are available at the same low price.

Accept a trial membership now. Simply mail
the coupon below to take advantage of this spe-
cial offer. If not thrilled with your introductory

album, you may return it within 10 days and
cancel your membership. Theatre Recording
Society, 461 Eighth Avenue, New York, 10001.

About this remarkable new production: Listening
to this performance in the intimacy of your home
is a memorable experience. The play is introduced
by Arthur Miller. Through the skillful blending of

word, music, and background effect, you are trans-

ported into the heart of the drama ... follow every
line and change of mood, every movement of the

performers. Lee Cobb's inspired portrayal of Willy
Loman, "riding on a smile and a shoeshine," has
now been captured for all lime.

Theatre Recording Society, 4ei Eighth Avenue, New York, n.y.ioooi

Please enter my trial membership and send me
the Society's new, full-length production of Arthur
Miller's Deaitt of a Salesman {catalogue price:

$18.85) . You will bill mc at the special introductory
price of only $1.95. plus a few cents for shipping.
(If not thrilled with this album, I may return it with-
in 10 days, cancel my membership and owe nothing.)

As a member, I will receive advance notice of all

new Society releases, and may also choose from a
wide range of albums already issued. My only ob-
ligation is to take four albums of my choice over
the next two years. I will pay the special member's
price of only $8.90 for two-record albums and
$12.90 for three-record albums (Same low price
for monaural and stereo).

Until further notice, please send albums in:

D Monaural (for any 33-1/3 rpm phonograph)

D Stereo (for stereophonic equipment only)

City.,

Zone or
State zip No
NOTE; Canada included in this membership invitation.

NH-3-66



take

the

math
out of

macro

The Minolta/Rokkor Macro lens simplifies

macrophotography as never before. With this

remarkably sharp 6-element lens, you can for-

get tables, formulas and guesswork.

Getting precise exposure factors and effective

apertures is as easy as turning the Macro

Rokkor barrel... and just as fast. Clearly en-

graved scales on the barrel, with large easy-to-

read numbers, do the paperwork for you.

Designed especially for use with Minolta SR

single lens reflex cameras, the f/3.5 Macro

Rokkor will resolve 100 lines per mm and cover

a focusing range from infinity down to 9" with-

out attachments. With the Macro Rokkor, you

get an intermediate tube for up to 1:1 magni-

fications and a reverse ring which, when used

in conjunction with a Minolta Extension Bel-

lows, provides up to 5X magnification.

Get close to your subject the easy way. The

Minolta/Rokkor Macro lens, complete with re-

verse adaptor and intermediate tube, is under

$100.00. See your dealer or write for a free

Technical Bulletin {#!) on Macrophotography.

Minolta Corp., 200 Park Avenue South, New
York, N. Y., 10003, Dept. H-S.

Minolta

Rokkor
Lenses

BOOKS
I
IN REVIEW

IHerbals-oldandnew
IBy Elizabeth C. Hall

The Greek Herbal of Dioscorides,

edited by Robert T. Gunther. Hafner

Publishing Co., $15.00; 701 pp., illns.

A Modern Herbal, by Maude Grieve.

Hafner Publishing Co., 2 vols., $25.00;

888 pp., illus. Herbal, by Joseph Wood

Krutch. G. P. Putnam's Sons, $20.00;

255 pp., illus.

Man's earliest interest in plants must

have been occasioned by his need

for food and, not much later (in the

evolutionary scale), by his need to find

useful materials that would support fire

and could be fashioned into weapons and

shelters. Certainly, too, long before the

dawn of recorded history Homo sapiens

had discovered and exploited additional

advantages possessed by plants—flavors,

scents, dyes, healing qualities, real or

supposed; he had become a herbalist.

Nor were these discoveries confined to

any one race of mankind or any partic-

ular geographic region. In time, trade in

herbs and consequent travel developed

as knowledge of their recommended, par-

ticular virtues spread. Merchants trans-

ported them across the ancient caravan

routes of Asia; great trading companies

of England and Holland established vast

empires in tropical lands to further trade

in spices; even today the price of pepper

on the commodity exchanges of the

world may be reflected in the cost of

sausages. There is no doubt that the

sciences of botany, medicine, and phar-

macology derive directly from the an-

cient interest in herbs, as also, to a very

large extent, does the art of gardening.

Our chief source of knowledge of the

ancients' herb lore is the herbal of

Pedanius Dioscorides, a physician born

in Asia Minor in the first century a.d.—

the time of Nero and Vespasian. He

wrote of plants he observed in his mili-

tary travels in many lands, and it is sup-

posed that he was an army doctor. In his

work he listed about five hundred plants

and a few "metallic stones," and dis-

cussed what he believed to be their vir-

tues for a wide variety of human ills and

misfortunes. His herbal survived in the

form of a sixth-century Byzantine man-

uscript, and was not reproduced by

printing until 1478. The first edition ap-

peared under the title De Materia Med-

ica Libri Quinque, and was followed by

a Greek text edition in 1499.

Strangely enough, no English transla-

tion was published until 1934, although

an English botanist, John Goodyer, had

made an interlinear English translation

of the Greek text in 1655. This remaine

in manuscript until 1933 when Robe;

T. Gunther edited it with few correctior

(thus preserving the "atmosphere

the translator's style), and the valuabl

historical document was published

1934 by the University Press in Oxfor(

In his preface, Mr. Gunther wrote

"Many of the figures seem hopeless (

interpretation. Nevertheless, we ha\

printed them, in the hope that field-bo

anists . . . may thus recognize a few (

the plants which through mistaken fe

tures it has been impossible to identi)

.... The specific names with which y

headed every chapter are perhaps le;

justifiable."

The present reprint edition, publishe

by the Hafner Publishing Company
New York, will permit herbalists, hist

rians, gardeners, students of medicin

and others to add copies of a botanic

and horticultural classic to their libra

ies. [We have received an announceme:

that the first facsimile edition of tl

Vienna Dioskurides manuscript is to

published in five annual numbers 1

Akademische Druck-u. Verlagsansta

Graz, Austria. Subscription price un;

June 30, 1966, will be $308.00 per nui

ber. Non-subscription price is I400.0C

A Modern Herbal is an encycloped

work in two volumes. It originated as

collection of pamphlets written by t

English author Maude Grieve about t

time of the first World War, was lat

amplified by information on Americ.

herbs and some others exotic to Gre

Britain, and edited by Mrs. C. F. Le^

to produce the publication review

here. Despite limitations almost inhere

in a work developed in this fashioi

there is some unevenness of treatment

the many kinds of herbs—this is a mc

useful and valuable book. It is by

means a compilation. Mrs. Grieve wri'

authoritatively from her own experiei

as an herb grower and herb coUt-cl

and from careful observations of t

plants she knew so well. An extraor

nary amount of information is present'

including folklore, so that this is one

the most important books on its subjt

A grave failing (to be corrected ii

separate supplement) is the omission

an index of scientific names. The plai

discussed are dealt with alphabetica'

according to their common names.^i

practice most discouraging to any

who values exactness and order. ]V'

Grieve's A Modern Herbal was ori

nally published by Oxford Univer:

I



About Stonehenge Decoded—
a new book reviewers are calling "as fascinating

an archaeological detective story as our time has seen."^

"Stonehenge is unique. In all the world there is nothing quite

like the gaunt ruin which Henry James said 'stands as lonely

in history as it does on the great plain.' What purpose did it

serve? Was it a city of the dead? A Druid place of horrid

sacrifice? A temple of the sun? A market? What was it . . .

and when?"

With these words, Gerald S. Hawkins begins the account of his

dramatic evidence that ancient England's "Druid temple" was actually

a sophisticated, brilliantly conceived astronomical observatory ... a
Neolithic computer designed and used by three different groups of
people over a 400-year period beginning about 1900 B.C. Stonehenge
Decoded is the full story of how a twentieth-century astronomer — and
sixty seconds of computer time — solved one of the great puzzles of
the ancient world.

Dr. Hawkins, a professor of astronomy at Boston University and
astronomer at the Smithsonian Astrophysical Observatory, first became
interested in Stonehenge a dozen years ago, while working at a nearby
missile-testing base just north of the ancient monument. Challenged by
the known astronomical fact that the main axis of Stonehenge is aligned
to the midsummer sunrise, he returned to Stonehenge in 1961 to photo-
graph the phenomenon for himself. Immediately he became aware of
questions which the massive stones themselves seemed to pose:

* Why had the midsummer sunrise alignment been
so beautifully and precisely established?

* Why were the great archways so astonishingly
narrow, restricting the observer's view as sighting
instruments do?

^ Most important, if the monument's original pur-
pose had merely been to mark the midsummer
solstice, why had the many other stones — the

many other precise alignments and controlled
vistas — been so painstakingly erected?

How the computer was used
"1 felt tJiat my field of observation was beiiii; tightly

controlled, as by sighting instruments . .
." Dr. Hawkins

speculated on the possibility that Stonehenge might
have other solar alignments — and immediately realized

that to answer this question would require a great volume of trial-and-

error work well suited to computer analysis. He and his programmers
gave the computer specific pertinent information about the positions of
the stones at Stonehenge and the stars, planets, and other bodies of
the sky. In his words, "it was as if [we] told the machine to stand at each
of the selected points, look across each of the other points to the
horizon, and each time report what spot of the sky it saw." The task
took the computer less than a minute. The results were astonishing.

The dramatic facts were these: Each signifi-

cant stone aligns with at least one other to point
to some extreme position of the sun or moon.
The mysterious circle of 56 "Aubrey" holes
that ring the arches was probably used as an
eclipse predicter. Stonehenge was an astro-

nomical observatory and a good one. In fact.

Dr. Hawkins believes, Stonehenge astronomy
was so sophisticated that its Stone Age astron-
omers had apparently observed a phenomenon
which had escaped modern astronomers: that
eclipses of the moon occur in 56-year cycles.

stonehenge Decoded
The full story of how these facts were un-

covered, and what their significance may be,
is told in Stonehonoe Decoded. The Smith-
sonian Astrophysical Observatory News calls

it "a fascinating, explosive chapter [in] the
3500-year-old story." In addition to describing
the astronomic discoveries. Dr. Hawkins, with
Dr. John B. White, his collaborator, fills you in

on the fascinating mythology
that has grown up around
Stonehenge, and on the re-

markable techniques used in its

construction. For, as archae-
ologists know, the building of
Stonehenge, with huge stones
carried across 100 miles of
land and sea, was in itself a
miraculous feat of construc-
tion. The book is indexed and
illustrated with more than
twenty brilliant photographs
and endpaper maps of Stone-
henge. It is a volume every
reader of Natural History will

want to read and own. For this

reason, it is being offered on a

special trial basis. Send the coupon for your
copy now. If you are not completely fascinated
by Stonehenge Decoded, simply return the
book within two weeks and owe nothing.

FREE EXAMINATION COUPON

To your bookseller, or

DOUBLEDAY & COMPANY, INC.
Dept. 6-NH-3, Garden City, New York

Please send me copies of Stonehenge Decoded.
I understand that I may return the book(s) within two
weeks and owe nothing. Otherwise, you will bill me just
55.95 per copy plus shipping charges as payment in full.

NAME.

ADDRESS.

CITY STATE. .ZIP CODE.

SAVE. Send payment now and we pay postage. Same
return privilege guaranteed.

•icago Tribune
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Single Lens Reflex

. . . capable of the

most sensitive

photography—

with f/l.4

lens, Micro

-

screen view-

finder,

coupled CdS

meter, speeds,

to l/lOOOth.

1-5 with

DX/l.4,

under $225. 1-5 with
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Press in 1931. It soon went out of print

and remained so until Hafner reprinted

it in 1959 and again in 1965.

Extremely welcome is the handsome

Herbal, the work of Joseph Wood Krutch.

Beautiful in appearance and execution,

delightfully written and lavishly illus-

trated, this production by such a well-

known, gifted naturalist-writer is a

pleasure to own and a joy to read. Mr.

Krutch's study covers one hundred

plants (and six creatures), each illus-

trated with a full-page reproduction of

a beautiful sixteenth-century woodcut

taken from Pierandrea Mattioli's huge

folio volume. Commentaries on the Six

Books of Dioscorides, issued in Prague

in 1563 and Venice in 1565. Mr. Krutch's

text is fascinating. He introduces his

readers to the fundamental philosophy

of the old herbalists-their conviction

that each plant was a specific for some

ailment and that it was the wise man's

purpose to discover and make use of

these God-given alleviants and remedies.

Quotations from Theophrastus. Dioscor-

ides, Gerard. Culpeper. and other herb-

alists and poets are frequent. Few new

books in the horticultural-botanical field

have so much appeal.

Elizabeth C. Hall is Associate Curator

of Education at The N. Y. Botanical

Garden and an honorary member of The

Herb Society of America, N. Y. Chapter.

s YASHICA INC . 50-17 QUEENS BLVD..

WOODSIDE. NEW YORK. 11377
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The World of the Tiger, by Richard

Perry. Atheneum. S6.95; 261 pp., illus.

Tiger! tiger! burning bright." What

a vivid picture William Blake's

verse evokes. The tiger is "not just com-

mon flesh and bone and striped hide, but

a kind of symbol of the jungle, of the

cunning and cruelty and ferocity and

incredible strength and beauty of raw

nature," writes E. Marshall, one of the

many authors quoted in this compen-

dium of information on one of the most

magnificent of our mammals.

Richard Perry has culled as many

facts as possible from hundreds of ref-

erences, and presented them in read-

able form. This is a difficult job at best,

because the tiger is surrounded by folk-

lore, half-truths, and the boasting of a

lesser breed of hunters—a jungle of

words at least as hard to penetrate as

the reedy swamps of the delta of the

Oxus River and of Lake Balkhash, once

favored habitats of this animal. At long

last, and in one book, we have honestly

sought answers on questions of range,

food, hunting habits, weight, size, col-

oration, mating, family life, relative

keenness of various senses, fighting

ability, man-eating proclivities, and even

swimming ability. Destruction of habitat

imperils the continued existence of the

tiger more than any other factor. The

author is perhaps rightfully pessimistiH

about survival of wild populations of th

tiger much beyond the close of the twer

tieth century. This presents a challen;

ing conservation problem for India an

the other countries of Asia.

There is an excellent selection of tweh

superb black-and-white photographs an

a frontispiece in full color by YU
There are several helpful features:

short glossary: a map showing I

approximate world range of the tig(

during the nineteenth century and
mid-twentieth century; a useful mdei
and an extensive bibliography. Hot

ever, the section that treats scientif

names of animals mentioned in tl

text is so riddled with taxonomic ai

orthographic errors as to be practical

useless for the serious reader.

HoBART M. Van Deusi
The American Museii

We Are Not Alone, by Walter Sulliva

McGraw-Hill Book Co., S6.95 ; 325 pi

illus. The Quest, by Tom Allen. Chilti

Books, S4.95; 323 pp., illus.

PERHAPS the first widespread contei

plation of creatures on other worl

followed Galileo's discovery that t

lunar terrain resembles terrestrial Ian

scapes. More recently, speculatio

about moon men, Martians, and the li

have been confined to works dubb
science fiction to distinguish them frc

"respectable" science. These specu

tions attract a large following in sp:

of their ill repute in professional circh

Surprisingly, the split between t

popular imagination and science has 1

gun to narrow. It was easy in the eai

days to concentrate scientific inquiry

the mysteries of immediate experien(

but now the efforts of scientists have be

successful to the point where few mi

leries remain in the realm of everyd

experience. Scientists have, thereto:

turned more and more to the questio

of where the universe (and the woi

within it ) came from and how it \:

evolved. In particular, the problem

the origin, or creation, of life has broug

scientists back into the imaginative rea

they comfortably ignored for so long. S

nificantly. the vigorous modern techn

ogy spawned by science has opened ll

previously inaccessible area of inqui

For now, if life does exist elsewhere,

may be experimentally verified by sat

lite exploration or, should there be

telligent beings, by radio communicatii

So while extraterrestrial life remains i

this writing) hypothetical, the possibil

has suddenly become acceptable '

many, although not all, scientists.

A thorough review of the availal'

evidence from various scientific dis-

plines for and against extraterrestrl

life is presented by The Neiv York Tiri'

science editor, Walter Sullivan, in i

I



Self-starter
It took a human self-starter to eliminate the cranl<. General Motors engineers have been
inspired by that example ever since. They have kept to the trail laid down by a genius
named Charles F. Kettering.

Back in 1910, the experts told Mr. Kettering that a practical electric starter for automobile
engines was an impossibility. It took him six months to develop one. His self-starter

eventually eliminated the dangerous hand-crank, revolutionizing motoring and putting

women in the driver's seat. His record of scientific achievement in the decades that fol-

lowed is without parallel.

And like this remarkable man's most famous invention, today's GM engineer is a self-

starter—one who doesn't wait to be asked, who seeks out the tough problems and sets

out to solve them.

They're a vital group, these men of science who follow the Kettering flame— restless,

curious and devoted to the idea that nothing is so good it can't be improved. Their collec-

tive contribution to GM's progress over the years is beyond measure.

General Motors Is People... making better things for you



Would YOD Uke to try our

Old-Fashioned

VERMONT
Smoked Ham, Bacon

& Country Store Cheese?

Our business was started 92 years ago, by a man
with a great gift for smoking meats. We still use
his original formula, not ever having found a way
to improve it.

Harrington Hams and Bacon cure for weeks in

maple sugar pickle, then smoke leisurely over corn
cobs and maple wood. We don't use hickory. Never
have. Our way tastes so much better!

Each year, thousands visit our stores at Richmond
and Stowe. Vermont is beautiful in every season.
We do hope you will come and see us. We'll be
delighted to show you how we cure and smoke.

In the meantime, we'd like to send you two
things. Our FREE CATALOG which tells you in

full detail about all our wonderful, old-fashioned
smoked Hams and Bacon and Pheasants and
Cheeses and many other delicious treasures. This
catalog is almost as good as a visiti

Secondly, if you'll let us, we'd like to send you
on approval our HARRINGTON SAMPLES BOX!
Here's what's in it: a real old-fashioned Cob
Smoked, Maple Cured Harrington Ham, weighing
approximately 6 lbs.; one lb. of our own delicious

Bacon; and one lb. of our famous Country Store
Cheddar Cheese, cured to the Vermont taste. iVe
can't wait for you to try them!

We have to charge S12.50 fa special introductory
price) for this "SAMPLES" BOX, but we don't
want you to take any risk whatever. We ship by
return mail, guarantee perfect arrival and satisfac-

tion or full refund without quibble. You may use
this coupon or a letter to order, without hesitation,

for yourself and as gifts.

(^STOM CLReTfoo^
'^* Since 1873~*

)

With Shops in Richmond & Stowe,

VERMONT r
HARRINGTON'S
P70i-6W/l/A'Srfi£Er

RICHMOND, VERMONT
Enclosed is $12.50. Please ship, postpaid, by

return mail, the Harrington's SAMPLES BOX
as described above. If it doesn't arrive in per-

fect condition, if we aren't delighted, we under-
stand you will make full refund without quibble,

D Please see enclosed instructions and pay-
ment for gift orders.

P Please send your FREE CATALOG which
is almost as good as a visit!

Your Name

Address

Are Not Alone. The occasional misinter-

pretations of scientific concepts do not

significantly detract from the value of

this informative book. After reviewing

ancient ideas on otherworldly life, Sulli-

van considers the probability of planet

formation near various types of stars, the

synthesis of the large molecules of living

creatures, and the possibility that life

has been transplanted to the earth. Then

he takes up the question of life on Mars

and the other solar planets and thorough-

ly explains the problems of interstel-

lar communication. The final chapter

samples reactions to the theological

problems raised by the possible dis-

covery of intelligent life elsewhere. Sul-

livan presents his varied material in a

readable and accessible style, and while

his title betrays an optimism concerning

the outcome of attempts to discover ex-

traterrestrial life, he remains responsible

to the skepticism of science.

In sharp contrast, Tom Allen in The

Quest treats essentially the same material

as Sullivan, not from the viewpoint of

the scientist, but as a convinced believer

in extraterrestrial life. In lively fashion,

the favorable evidence, regardless of

quality, is held up for the reader's amaze-

ment and approval, while scorn is cast

upon dissenters. Less complete than We
Are Not Alone, Allen's book is factually

accurate and well written.

James F. Wanner
Sprout Observatory

You, Me and the Animal World, by

Martin Wells. Houghton Mifflin Co.,

$3.50; 114 pp., illus. ;

IN his introduction, Martin Wells won-

ders whether or not he, as a scientist,

can write about science for the intelli-

gent layman. After reading this short

book there should be no question that he

can write very well. He is entertaining,

charming, and whimsical. The book is a

collection of essays, illustrated with the

author's own delightful line drawings;

text and drawings sparkle with humor.

Some of the subjects concern animals

Dr. Wells knew particularly well—ants,

snails, and assorted pets, many of which,

he does not recommend for household

use. Other essays cover the aerodynamic

problems of birds and insects, and the

problems and hazards of an aquatic man
—how much better it is, physiologically,

to be a seal if you must dive.

In addition, there are chapters on

animal design, the processes of design

development through inheritance, the

pros and cons of sexual reproduction,

echolocation in bats, Dr. Wells' own
recent experiments on learning and

memory in the many-limbed octopus,

and, finally, a note to science fiction

writers to be aware of biological limi-

tations when they create a new animal

and expect it to function. The subject

Save this ad and
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you buy:

Binoculars

g Spotting Scope

3 Telescope
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Witfi artificial satellites already launched an^
space travel almost a reality, astronomy ha

become today's fastest growing hobb;
Exploring tlie skies with a telescope is

relaxing diversion for father and son aliki

UNITRON's handbook contains full-pag

illustrated articles on astronomy, observini

telescopes and accessories. It is of intere;

to both beginners and advanced amateur

CONTENTS INCLUDE:
Observin! the sun, moon, planets and wonders of the sky
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yours to pre-view FREE...

THEBIG SCIENCE BOOKTHAT

LETS YOU ENJOY&UNDERSTAND
THEr EXCITING EVENTS

OF OURTIME!

The eventful record of scientific

achievement during the year — brought

vividly to life with authoritative articles

and dramatic illustrations

THE ENCYCLOPEDIA
SCIENCE SUPPLEMENT

THE EDITORIAL STAFF OF
ENCYCLOPEDIA AMERICANA AND GROLIER INC.



INTERESTED IN THE EX-
CITEMENT OF SCIENCE TODAY
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% Science Review-in One Complete

Authoritative Volume!

The whole story of an exciting year of science

progress in one compact, lavishly illustrated volume

—the Encyclopedia Science Supplement for 1963

^ Today we are in the midst of a knowledge explosion in the world

of Science. Discovery follows upon discovery in an ever increasing

tempo. Only the most conscientious can hope to keep up-to-date

in this vital area.

Our environment, our very lives, are being shaped by the

scientific events taking place daily. New facts, new informa-

tion, new theories pour forth in a bewildering array. It is

an ever increasing problem to be aware of, and to under-

stand, the exciting discoveries of the exciting age we
live in.
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That is why the publication of this BIG Science

Review is being enthusiastically welcomed by stu-

dents, parents and educators. Here is the record of

man's giant strides during the past year. A record

in which you can share — with enjoyment and
understanding — through the pages of this lavish

volume.
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matter does seem spread about, for it is

derived from his own researches, his

lectures to students, and speeches to

television audiences. But even with the

diffuseness of subject matter, one theme
continues throughout: there is much
beauty in the design and function of

adaptive systems that have evolved in

animals in "hostile environments."

The study of biology under the guid-

ance of Dr. Wells is an exciting experi-

ence. This book should catapult high

school students into such a study, and
provoke adults into further inquiry. An
additional reading list is included.

Evelyn Shavp
The American Museum

Precious Stones and Other Crystals,

by Rudolf Metz. Photographs by Arnold

E. Fanck. The Viking Press, $25.00; 191

pp., illus.

THE title Precious Stones and Other

Crystals is certain to provoke more
than a cursory glance, and justifiably so.

The first impression is of the vivid colors

and the variety of forms so magnificently

portrayed in the color plates.

The text is of an equal quality, and in

lucid language presents a comprehensive

survey of the nature, occurrence, form,

and properties of minerals, with just the

appropriate amount of emphasis on gem
stones. The well-chosen bibliography is

a valuable addition.

Because of the high price and the

seemingly specialized format, this vol-

ume appears to be essentially a collec-

tor's item, which is unfortunate. The
excellent text, accompanied by the re-

markably faithful reproductions, pre-

sents a story that will interest anyone

who has ever admired minerals.

D. M. Vincent Manson
The American Museum

Farewell to Eden, by Matthew Huxley
and Cornell Capa. Harper & Row,
$15.00; 244 pp., illus.

THE upper Amazon area of South

America is one of the last regions

in the world where "primitive" societies

can still be found relatively unaffected

by Western civilization. This book is a

popular account of one such essentially

aboriginal group, members of the Ama-
huaca tribe on the Inuya River, and of

the changes facing them and other In-

dians in Amazonian, or eastern, Peru.

Much of the material on which the

book is based was collected by Matthew
Huxley during two brief visits to the

Amahuaca and visits to other eastern

Peruvian tribes in 1961. Huxley came
to the Amahuaca at the invitation of

anthropologists Robert Carneiro, of

The American Museum of Natural His-

tory, and his wife, Gertrude Dole. They
were engaged in making a thorough
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VISIT
INDEPENDENT AFRICA

with other Americans sympathetic to the

"wind of change"
Sponsored by: American Committee on Africa, Inc., Travel arranged by: Lindblad Travel, Inc.

WEST AFRICA
Liberia, Ivory Coast, Gliana, Togo, Daliomey,

Nigeria, Cameroon, Gabon, and the Two
Congos.

Featuring:
Special trip to a tribal area in the lush Ivory
Coast.

By motorcoach along coast from Ghana to
Nigeria, overnight in Cotonou.

Visit to the Schv^eitzer Hospital, a survival of
medical treatment from an earlier day.

Leaves New York July 12 (21 days)
largely inclusive $1,695*

CONGO & EAST AFRICA
The Two Congos, Uganda, Tanzania, Zanzi-
bar, Kenya, United Arab Republic.

Featuring:
Long motor trip from Lake Kivu in the Eastern
Congo through game areas and the country of
the Watusi and the Pygmies and Queen Elizabeth
Parii in Uganda.

A full day in Zanzibar, fabled island of spices
and the slave trade.

Leaves New York July 28 (21 days)
largely inclusive $1,795*

*AnficJpafing government approval of new 27 -day excursion fare.

COMBINATION OF THE TWO TOURS
July 12 to August 18, $2,795

JAMES R. ROBINSON
American Committee on Africa

211 East 43 Street, New York 10017

YES, please send me Information on your 1966

Summer Tours to Independent Africa.

(Mr.) (Mrs.) (Miss)

Street Address

City and State , -Zip-

Sptsudjolh^J'iijcduMd:

Meetings with Africans actively involved

in building their recently independent

nations. We seek some understanding of

the problems and the viewpoint from

which Africans hope to solve them.
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ethnological study of the tribe, and made
their field notes available to Huxley; the

book benefits greatly from their con-

tribution. On Huxley's second trip to the

region he was accompanied by photog-

rapher Cornell Capa, who took most of

the photographs with which the book

is generously illustrated.

More than half of the book deals with

the Amahuaca. one of the least accul-

turated Indian groups in the Amazon
today. Formerly relatively numerous and

occupying a wide territory east of the

Ucayali River, the Amahuaca have suf-

fered a great decline in population

through the introduction of new con-

tagious diseases, slavery, and other de-

predations. At the present time, the

Amahuaca Indians described by Hux-

ley consist of a small number of families

that annually congregate for half the

year at Varadero, a Summer Institute

of Linguistics post on the Inuya River,

and the S.I.L. is the primary agent of

change in their lives. This is a North

American organization with a multipli-

city of educational and other purposes,

but it is primarily evangelical in orien-

tation. Robert Russell, the S.I.L. worker

with the tribe, provides them with medi-

cal care and teaches them to read and

write in their own language. This is in-

tended to permit the Indians to read

biblical texts in their native tongue, a

basic objective of the essentially funda-

mentalist S.I.L. As Russell is quoted:

"We have taught the Amahuaca a

number of things about human na-

ture which seemed entirely new to

them. The first of these is that man
is not basically good, but is basic-

ally bad. alienated from the life of

God and deprived by sin from fel-

lowship with God."

Thus "civilization" enlightens the

"savage"! Yet compared with the other

forces of change on the upper Amazon
frontier, such as debt-peonage and even

slavery, the opportunities offered the

Indian by the S.I.L. for adjustment to

the new conditions seem benevolent.

As a whole, Huxley's position is one

of definite endorsement of the activities

of the Summer Institute of Linguistics,

which he sees as following a middle road

between the Catholic missions' programs

to assimilate the Indian completely and

the North American-run evangelical

missions' attempts to seal them off from

the "outside evils." Huxley also visited

some other tribes of the Peruvian

Amazon, as well as the population cen-

ters of the Iquitos and Pucallpa, and the

balance of the book concerns socioeco-

nomic changes made in the tribes with

S.I.L. help, and developments in the re-

gion as a whole.

This is an unusually informative work,

extremely well written. Huxley brings

to life the people about whom he writes

in a way that most anthropologists can

only envy. Cornell Capa's superb black-

Of a quality seldom available, each of these hand-
loomed rugs is a completely individual work of art

in both design and workmanship. Take advantage of

this unique opportunity to acquire a fine Navaho
weaving. Only four in stock. Please place your order
promptly.

A. (illustrated) Indian maidens rendered in sand-painting
style. Gray, gold, black, and white. 60" x 42". $125.00

B. Indian maidens rendered in sand-painting style. Gold,

rose and white, with black border. 42" x 32". $100.00.

C. Lightning zigzag pattern in white, black, red, and gold.
61" X 45". $85.00

D. Diamond-shaped motif on contrasting stripes in gray,

white, and gold. 60" x 40". $100.00

Please add $1.50 mailing charge for each rug.

Navaho craftsmanship in silver is justifiably renowned. I

Here are three admirable examples you will enjoy using
j

or giving. i

E. Letter opener—Stylized, smiling figure made by sand-casting
|

process. Approximately 5'/=" long. $5.50 plus 25<' postage. •

-•"«». ^' Thunderbird brooch. Design in relief. IV2" diameter. $5.00 plus i

"^ 250 postage.
j

i

G. Thunderbird key ring, l" diameter. $3.00 plus 25^ postage.
j

Members of ttie Museum are entitled to a 10% discount.

Please add local taxes v^here applicable.

Please send your check or money order to .. . t/ie

The American Museum of Natural History, N.Y., N.Y. 10024
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and-white and color photographs, excel-

lently reproduced, heighten the sense

of personalized contact provided by the

text. My only critical comment would

be that Huxley's general knowledge of

anthropology and South American eth-

nology sometimes leaves something to

be desired, particularly when he at-

tempts to make generalizations about

upper Amazon Indian cultures as a

whole or about structural relationships

within Amahuaca society. However, such

comparative and theoretical forays are

few and minor in a book that can cer-

tainly be recommended as one of the most

enjoyable and accurate popular works

on the contemporary situation of the

Indians who live in the upper Amazon.
Michael J. Earner

University of Calijornia, Berkeley

Plant Drugs That Changed the

World, by Norman Taylor. Dodd, Mead
& Co., $5.00; 275pp.,illus.

MR. Taylor is a well-known and un-

usually prolific writer on botanical

subjects whose previous works have been

devoted primarily to garden plants. In

this and in one previous volume he

has turned his attention to plants of

medical interest, a topic of considerable

practical importance and current public

attention, and one that permits some ex-

cellent yarn spinning. Modern man just

didn't reach out of his bedroom window

and pluck a few twigs that happened

to cure his gout, or his malaria, or his

ailing heart. The stories of the way our

information has been accumulated, and

the historical background for the codifi-

cation of this information in the weighty

United States Pharmacopoeia, form the

basis for Mr. Taylor's volume.

A catalogue of the plants and the

drugs they contain, as discussed by Mr.

Taylor, will not provide anything more

than a skeleton that can be fleshed out

only by reading the book. Anesthetics,

narcotic analgesics, tranquilizers, mus-

cle relaxants, psychogenic drugs, poi-

sons, and treatments for many organic

diseases have been found in plants,

which are still the primary sources for

these drugs. To my mind, a noteworthy

chapter is "The Cathartic Racket."

which details the history of several of the

drugs that in one form or another are

the financial basis for what seems to be

a good deal of evening television. Some-

what to my surprise, a "clean system"

was of concern to the ancient Chinese

and Egyptians, as well as to the con-

siderably more modern Romans. It is

of interest that the balanced Chinese

used rhubarb, the fatalistic mid-east-

erner used senna, and the rugged Roman
used (of course) castor oil.

Other chapters, particularly those

dealing with the narcotic alkaloids.

No slide projector ever
made such a fuss about a lens.

No wonder, it's a Nikkor. And
that's just about the finest lens you
can get—camera or projector.

Take a batch of slides to your

Nikon dealer, and put them through

a Nikkormat slide projector. You'll

see a dlflference immediately.And
you'll like what you see.

You'll also like the way the

Nikkormat handles and behaves;

the price, too: $149.50. Meantime,
let us send you a descriptive folder.

nikkormat
Automatic Slide Projector
with 4" Nikkor f3.5 lens

Write: Nikon Inc. Garden City, N.Y. 11533. Subsidiary of Eiirenreicli Photo Optical Industries, Inc.

The new Uher 4000-L
is strictly for the birds.
Or any other natural sound for that matter.
It's the one portable tape recorder you can
rely on for performance, convenience and
precision. Here's why: Exclusive Akustomat
— records on sound impulse only. Leave it

out in the field all day. It v«ill only record
when there is sound— no wasted tape; Dia-
P;/ot— automatic slide projector synchro-
nizer; ultra sensitive microphone: solid state
design; operates up to 12 hours; hi frequency
motors; digit counter; 4 speeds; and more.

From the heights of IVit. Everest to the bot-
tomless pits of Africa, ornithologists, anthro-
pologists and scientists the world over have
found its full fidelity sound is incompar-
able. Visit your hi fi dealer for a startling

demo or write for literature: Dept, Bird,

Los Angeles: 2356 South Cotner; New
Yorl< City: 1199 Broadway; Chicago:
5445 r-iorth Lincoln Avenue,
Sound begins and ejids with a Uher
Tape Recorder by !<TS\^TnarCeLj

MARTEL ELECTRONICS
SOLG IMPORTER OF

UHER TAPE RECORDERS

17



«Q

This fossil collection traces life's evolution from the Cambrian Period (500

million years ago) to the Miocenean (12 million years ago).

Fossil collecting is a perfect inexpensive "Hobby of a Life-

time"!
• EDUCATIONAL INTRIGUING

¥
FOSSILS WITH
SILVER HEARTS

TURRI-
TELLA

F-IC Heart . $4.75
F-IP Pendant $8.50

SHARK^S
TOOTH

F-3C CKarm . .$4.75
F-3P Pendant ..$8.50

CONVERSATIONAL

"Fossils a Guide to Pre-
historic Life" with order
valued at $10 or more.

160 page full color book
of fossils with purchase of
$10 or more. This Golden
Nature Guide, "Fossils, a
Guide to Prehistoric Life"
contains 48 1 illustrations

in full color, comprehen-
sively covering the full

spectrum of fossil mate-
rials. Sold in bookstores
for $1. Yours FREE with
purchase of $10 or more.
Should be in every nature
library . . . stimulating
reference book^^ __^

SPECIMEN GRADE FOSSILS
These fossils approx. 1" long and shipped with
parchment certificate, post paid.

MINIMUM ORDER $2.00

Fossils F-1, F-2, F-3, F-4, F-5 are 35 « each.

\^^
Special: Tri-Fossil

Silver Pendant

$9.75

ELRATHIA
F-1SP Pendant 58.50

F-15C Cham ..$4.75 *
F-15 ELRATHIA

F-3 SHARK'S TOOTH

F-1 TURRITEILA

DI.N0S.4LR BONE... 35(; PETRIFIED WOOD... 350

F-13 SPONGE... 35(?

F-7 PACHYTEUTHIS... 350

F.9 CBINOID STEM . . . 35<

"W/

SILVER CHARM BRACELET
(with safety chain)

5 fossils on Bracelet:

Turritella in Agate (F-1), Shark's tooth (F-3) Ex-

ogyra (F-4), Turritella (F-S ), EIrathia (F-15 ). Sterl-

ing sliver charm bracelet in Jewelery box with

parchment certificate $23.50

FREE CATALOG
Annotated illustrations of fossils,

minerals and handsome jewelry crea-

tions, all inexpensively priced. Every
student, collector and gift giver will

want this handy reference. Send for

your copy today 1

\LADDIN HOUSE, LTD.

>20 Fifth Avenue Dept.N-3D

Vew York, New York 10036
D Please send FREE: Fossils n' Rocks catalog.

Enclosed is my order for the following:

F-IO CORAL... 35<
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which are still a blessing rather than a

social curse, and the one on quinine

I

(did you know that the Society of Jesus

lad a virtual monopoly on this drug?)

,ire fascinating.

' No reviewer can let an author oK scot

Eree. The illustrations are scanty and

jninformative.

Richard M. Klein
The New York Botanical Garden

Olduvai Gorge 1951-1961: Fauna and
Background, by L. S. B. Leakey. Cam-

bridge University Press, Vol. I, $14.50;

118 pp., illiis.

FOR well over thirty years L. S. B.

Leakey has been exploring, excavat-

ng. and collecting in the Olduvai Gorge

ind its environs of East Africa, search-

ng tirelessly for every scrap of evidence

le could find relating to human occupa-

ion, man himself, the fauna associated

A-ith him. and the geologic and environ-

nental background to all of it.

The Gorge, a part of the Great Rift

/alley that parallels the east coast of

Vfrica, is a remarkable geologic phenom-

mon that has exposed in layer after

ayer the sequences of Pleistocene his-

lory. From the face of this cliff Leakey

las accumulated a vast assemblage of

ossils illustrating the faunas that once

nhabited the area. Recently, his pa-

ience and persistence were rewarded by

he discovery of a series of early honii-

lids that have turned out to be key finds

n tracing the evolution of man.

For these reasons Leakey and Oldu-

ai are synonymous, and both are well

;nown to all students interested in

)aleontology and human evolution,

scholars in these subjects have been

;agerly awaiting the reports on the dis-

;overies, but since the work is still in

Progress and completion of detailed re-

Dorts is a slow, laborious process, only

)rief and necessarily inadequate notices

lave appeared thus far. With this vol-

ime. Leakey is making available interim

issessments of the material he and his

colleagues have collected. This is pre-

umably the first in a series, and it deals

nainly with the geologic and climatic

etting and the mammalian fauna.

It is already clear that the current re-

ults make re-evaluations essential. The
lating of Bed \, where Homo hahilis and

linjanthropus were found, appears to be

lefinitely Villafranchian and. therefore,

iarly Pleistocene. Many of the identifi-

;ations of mammalian fossils have been

adically altered and revised, indicating

ar more of a break between the earlier

evels and recent times than previous

tudies had suggested.

Despite some faults in presentation,

his is a most welcome book, and it will

le widely consulted.

Harry L. Shapiro
The American Museum

THE BEST TELESCOPES WILL HAVE QUARTZ MIRRORS

Half the Questar telescopes we now produce have
mirrors made of quartz. We started using this

precious material back in 1957 because quartz
mirrors are the very best obtainable. When we
take one from a warm room into colder outdoor
air, quartz resists the thermal shock about 5

times better than Pyrex low-expansion glass. The
superiority of quartz lies in this greater stability

of the crystal.

The price of fused-quartz disks is awfully high
because they are terribly difficult to construct. A
raw disk 61 inches in diameter costs $250,000.
Since the cost and weight of such disks, like 3-

dimensional objects generally, increases as the

cube of a dimension, and not as the square, you
can readily understand why there are only a few
hundred telescopes with quartz mirrors in the
entire world. We ourselves have probably made
most of them.
As you may know, we still have to make each

aspheric set of Questar optics at least 3 times,

until its resolving power is astonishing, and each
will support images that do not break down at
more than 800 diameters. This unusual ability to
resolve, coupled with small aperture, allows these
little fellows to pierce indifferent seeing like a
thin rapier when larger apertures are more se-

verely damaged by heat waves in the air.

This is the Questar idea, the Questar secret.

In the 8 years of research we spent before mar-
keting our product, we sought and found the
best size to make it; we looked for the point
where the greatest number of favorable factors
came together. That point turned out to be at

only 3.5 inches aperture instead of the 5 inches
with which we started. Our portable telescope
proved to be most efficient when delightfully

small in size but of transcendent quality.

This very smallness becomes another favorable
factor. You yourself may now enjoy the luxury
of owning a real quartz-mirrored telescope for
only $100 extra.

Questar is the finest and most versatile small
telescope in the world. Prices begin at $795.
Send for your copy of the new 40-page booklet
with 8 pages of color and much general infor-
mation, with essays on optics, seeing and tele-

scopic photography. One dollar postpaid in
U. S., Mexico and Canada. By air to West
Indies and Central America, $2.30. By air to
Europe, N. Africa and S. America, $2.50. By
air to Australia and elsewhere, $3.50.

TAR
BOX 60 NEW HOPE, PENNSYLVANIA
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Volcanoes
Tell Secrets
in Hawaii

by HUGH H. WAESCHE and DALLAS L. PECK

INCREASED understanding of volcan-

ic phenomena, and much basic

new knowledge of all that goes on be-

neath the earth's surface, have resulted

from more than half a century's work

by scientists at the U.S. Geological

Survey's Hawaiian Volcano Observa-

tory. The possibility of actually pre-

dicting eruptions has been greatly im-

proved. Better techniques for probing

geological secrets have been developed.

The Observatory is virtually an

earth sciences clinic, and it is uniquely

situated for studying its principal pa-

tient. It directly overlooks the three-

mile-wide crater, or caldera, of Kila-

uea (KEY-la,oo-WAY-ah) Volcano in

Hawaii Volcanoes National Park on

the island of Hawaii. From the highest

point of the caldera's northwest rim,

the Observatory staff can watch the

lava-covered floor 500 feet below.

There, a mile to the south, is a fire pit,

three-fourths of a mile in diameter,

called Halemaumau (HA-lay-MA,oo-

ma,oo). Although quiet now, the fire

pit has been the principal center of ac-

tivity at Kilauea throughout historic

time, and boiling lava was visible in

it most of the time from 1823 to 1924.

Two miles to the east, the crater of

Kilauea Iki (Little Kilauea), with its

orange-topped cinder cone, may be

seen just outside the caldera. In late

1959 this was the scene of the most

spectacular Kilauea eruption of mod-

ern times.

To the southwest, stretching from

Halemaumau tothe sea 20 miles away,

are the gaping surface cracks of the

Kalauea southwest rift zone.

Twenty-eight miles to the west is the

13,6o0-foot summit of Mauna Loa
(MA,oo-na LO,ah), the world's largest

active volcano. As seen from the Ob-

servatory, its graceful slopes sweep

across the western and northern sky-

line for 75 miles. On its slopes are

countless lava flows that have issued

from the volcano's northeast and

southwest rifts that join at Mokua-
weoweo (mo-KOO-ah-WAY,o-vrAY-o),

the summit caldera.

Thirty miles to the north, across the

northeast flank of Mauna Loa, is the

snow-capped, 13,780-foot summit of

dormant, or possibly extinct, Mauna
Kea ( MA.oo-na KAY-ah) Volcano.

This, then, is the setting for the

Hawaiian Volcano Observatory. The
world's Other observatories are near or

on the volcanoes under study, but few,

if any, can command such a dramatic

panorama of volcanic features.

The Observatory was founded in

1912 by the late Dr. Thomas A. Jaggar

in order to study both the practical

and theoretical aspects of volcanology.

It was supported during the first few

years by the Whitney Fund of the

Massachusetts Institute of Technology

and by the Hawaiian Volcano Re-

search Association, but in 1917 sup-

port was shifted to the federal govern-

ment. Since 1948 it has been operated

by the U.S. Geological Survey with the

encouragement of the National Park
Service. The Observatory was founded

because of the need for direct obser-

vation of volcanic processes, and
because of a "sincere belief that a

systematic and continuous study of

Summit of Kilauea Volcano on the island of Hawaii serves

as a veritable clinic in the earth sciences. Sheer sides of

larger crater drop 500 feet to the floor of congealed lava.
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Angle of tilt of its sides changes as a

volcano expands, contracts with changes

in the pressure from deep underground.

volcanoes would result in the protec-

tion of life and property." To accom-

plish this objective, prediction of vol-

canic behavior became one of the

major aims.

/\t an early stage in the Observa-

JC^Ltory's history, daily visual ob-

servations were supplemented by the

continuous, quantitative instrumental

observations that are necessary for de-

ciphering the structure of the volcano

and the processes going on within it.

The obvious association of volcanic

activity and earthquakes made seismic

studies mandatory. Abrupt increases

in seismic activity are, at times, pre-

monitory to eruption, and the site of

unusual swarms of earthquakes can

indicate where lava may break out.

To determine the location of an

earthquake and its depth, seismome-

ters at three or more sites are neces-

sary. Signals from a network of six

seismometers clustered about the sum-

mit of Kilauea are transmitted via

telephone wires to the Observatory,

where they are recorded on smoked
drums. Unusual seismic activity can

be spotted on these records as soon as

it occurs. Additional seismographs

that were designed to record both

nearby and distant quakes are situated

in a vault at the Observatory and at

five sites around the perimeter of the

island. Other seismographs are at the

summit of Mauna Loa and at Halea-

kala on the island of Maui.

Seismic studies at the Observatory

show that earthquakes are frequent,

although most of them are not felt ex-

cept by sensitive instruments. Before,

during, and after eruptions—and at

certain other times not immediately

associated with eruptions—these may
total 1,000 or more a day; even during

quiet times between eruptions, 50 to

100 quakes a day from shallow sources

beneath Halemaumau are recorded. In

addition to normal earthquakes, the

seismographs record another phe-

nomenon that has been called har-

monic tremor. It appears on a seis-

mogram as a long-continuing motion,

somewhat like sine waves, with a pe-

riod of about one-half second. These

waves are identified with the move-

ment of molten lava either at the sur-

face during fountaining of a volcano

or during underground flowage. Erup-

tions of Kilauea are preceded by har-

monic tremor for several hours; such

tremor thus provides a short-time

warning of impending eruption. Har-

monic tremor accompanies all erup-

tions; it is a specific part of an erup-

tion's autograph.

Records from the seismographs are

read daily, and all large earthquakes

are located. This is a formidable task,

particularly during times of great ac-

tivity. Large distant earthquakes, as

well as local ones, are studied, for they

serve notice on the possible occurrence

of tsunamis—the seismic sea waves

that have devastated coastal areas of

Hawaii, one as recently as 1960.

Since the founding of the Observa-

tory, the staff has been intrigued by
the possibility of predicting eruptions

by changes in tilt of the ground sur-

face at the summit of the volcano.

Early attempts were severely ham-
pered by the type of instrument used

and by the site—unfortunately the

Observatory turned out to be on a fault

block that teeters inward and outward

with the seasons, obscuring more fun-

damental changes in tilt. During the

last nine years, studies of tilt have been

more successful. The primary instru-

ment now used is a water-tube tiltmeter

modified from a Japanese design.

These instruments consist of brass

waterpots (mounted with micrometer

screws and glass lenses), which are

joined by water and air tubes. They

operate like a water trough; when one

end is elevated, the water level is

raised in one pot and lowered in the

other. Although simple in design, they

are remarkably sensitive; such an in-

strument could detect the tilting pro-

duced by lowering one side of Hawaii

only one inch with respect to the other

side, 70 miles away.

One water-tube tiltmeter is perma-

nently mounted in the vault at the Ob-

servatory and read daily—or more
often during times of volcanic crisis.

Other water-tube systems are portable

and are used to relevel the fixed con-

crete piers at many tiltbases around

the summit of Kilauea. These bases are

releveled every few months.

The network of stations around the

summit of the volcano shows that tilt

is primarily radial and results from

the swelling and shrinking of the vol-

cano in response to movement of lava

beneath the summit. Increases in up-

ward pressure cause the sides of the

volcano to swell outward, and this

changes the angle of inclination of the

ground in relation to the horizon. The

nearer the summit, the greater the tilt.

Analysis of the data suggests that the

variations in pressure originate in a

shallow reservoir of magma (molten

lava) at a depth of perhaps two and

one-half miles below the south end of

the caldera.

Changes in tilt parallel the cycles

of volcanic activity. As the reservoir

slowly fills with lava after an eruption,

the volcano swells; when the reservoir

is so distended that the fluid pressure

exceeds the strength of the enclosing

walls, the walls rupture, the lava es-

capes from the reservoir—usually to

the surface in an eruption—and the

volcano rapidly deflates. This has been

the pattern during the several flank

eruptions of the last six years. Tilt

measurements allow a general day-to-

day evaluation of the state of the vol-

cano, rather like the evaluation of fire

danger in the national forests. We
know whether the reservoir has little

lava and is unlikely to erupt, or

whether it is gorged with lava and al-

most ready to erupt. Unfortunately,

the rate of inflation is not constant,

and the level of tilt is not the same at

each eruption; consequently, an exact

prediction is not yet possible.

Inflation and deflation of the vol-

cano can also be detected by precise

measurement of horizontal distances

across the summit. By use of a geodim-

eter (a device that employs a mod-

ulated beam of light for ultra-precise

distance measurements), a shortening

of 11 inches was detected in a 10,000-

foot line across the summit caldera of

Kilauea during the deflation accom-

panying the March, 1965, eruption.

This suggests a method of monitoring

the state of volcanoes where the use of

water-tube tiltmeters is impractical,

such as at the summit of Mauna Loa

Night view of a late stage of 1959-fflf

Kilauea eruption shows fountain to tl;}

rear, cracks in lava flow in foregroun
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Mauna Loa looked like this on the first night of eruption,

April 7, 1940. The glow is 7 miles across at base. View is

from Observatory 25 miles away; a cloud bank lies between.

Daytime view of the same eruption, taken close-up later in

April, shows how the energy of outbreak at Mokuaweoweo

summit crater of 13,680-foot-high Mauna Loa, has subsided
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where temperatures go below freezing

every night of the year. In July, 1965.

two geodimeter lines were established

acroas Mokuaweoweo ; when they were

remeasured in December, 1965, they

showed no change, indicating that

Mauna Loa is not inflating and hence

that an eruption soon is unlikely.

Physical measurements of the

earth's surface also provide knowledge

of changes in the shape of the volcano.

Geological Survey engineers estab-

lished many bench marks on Kilauea

and determined their relative horizon-

tal positions by triangulation and their

altitudes by leveling, in order to estab-

lish primary control for making accu-

rate topographic maps. These meas-

urements, begun in 1913, have been

repeated many times. For example,

accurate measurements of the eleva-

tion above sea level of a bench mark
near the former site of the Observatory

at the northeast edge of the caldera,

made in 1920 and again after the ex-

plosive eruption of 1924, showed that

the area had settled four feet. The cal-

Bdera floor near the Halemaumau fire

npit, center of the violent 1924 activity,

(Settled an additional ten feet. Some of

Jithe level lines on Kilauea are now
rerun by the staff of the Observatory

after every major volcanic episode.

Recently a close network of bench

marks was placed on the floor of

Kilauea caldera. Accurate level meas-

urements are made between these peri-

odically to locate the center of swell-

ing and deflation of the volcano.

To supplement tilt and level meas-

urements, the staff of the Observatory

'ong ago began gathering data on the

concentric faults around Halemau-

mau, which appear on the surface as

^reat cracks. The distances across the

;racks at selected sites are measured

regularly with a tape (this program is

low maintained by rangers of the

Vational Park Service). When these

listances increase rapidly, it can be

jredicted that massive landslides into

he fire pit are imminent. Since the

Dublic ordinarily has ready access to

he unprotected rim of Halemaumau,

hese forecasts are important for pub-

ic safety. As a result of this program,

he public observation platform at the

idge of the pit was moved in 1960; a

ew days later the ground beneath the

ibandoned site collapsed into the pit.

By careful comparison of all the

ibservations—such as the number of

earthquakes from different areas and
iepths, and the state of swelling of the

volcano as determined by tilt, level,

and geodimeter measurements—a gen-

eral evaluation can be made of the

state of the volcano; that is, whether

an eruption is likely or unlikely, and
whether the eruption is most likely

from the summit or from one of the

rift zones. Strong harmonic tremor

and associated swarms of shallow

earthquakes give more reliable but

shorter-term indication of an impend-

ing eruption. But even these may be

misleading; at times, as in May, 1963,

lava left the summit reservoir, flowed

underground down the rift zone, with

associated strong tremor recording on
the seismographs, but did not erupt at

the surface.

As a result of all the gathering and
analysis of data on the volcano (plus

or minus a goodly dose of luck) , some
remarkably successful predictions of

eruptions have been made in the recent

past. And also some remarkably un-

expected eruptions have occurred. The
March, 1965, eruption in Makaopuhi
(MA-ka-o-POO-hee) Crater was pre-

dicted in a general way from an analy-

sis of tilt and seismic data two months
before it occurred. Harmonic tremor

gave two hours clear warning—long
enough to warn federal and civil au-

thorities, to gather together equip-

ment for observing the eruption, to

send a seismic crew to the area, and
to station a man at Makaopuhi Crater

one hour before the eruption broke out

there. In contrast, the eruption on
Christmas Eve, 1965, was almost com-
pletely unexpected. The volcano was
only moderately inflated, and there

was no seismic prelude until the onset

of strong harmonic tremor and a

swarm of earthquakes alerted scien-

tists an hour before the outbreak.

LIKE firemen, members of the Ob-

I
servatory staff must always be

ready for immediate action. From the

instant of outbreak, regardless of the

time of day or day of the year, the

Observatory and the site of eruption

buzz with activity. All but essential

personal affairs and interests are put

aside for the duration. If the eruption

is nearby, some members rush to the

scene of activity. Flows can often be

approached to within a few feet, foun-

tains to within a few hundred feet on

the windward side; choking fumes

and intense heat usually prevent close

approach on the downwind side. The

many recent eruptions in pit craters

can be conveniently watched from the

rim—with occasional sallies down the

precipitous sides of the crater to the

edge of the lake. In addition to fume
and heat, another hazard is molten ma-
terial thrown out by the fountains-

volcanic bombs, pumice, and Pele's

hair ( Pele is the goddess of volcanoes

in the old Hawaiian religion). The
"hair," fine strands of glassy lava spun

by the wind from molten droplets, may
be a danger to the eyes as well as an

irritation to the skin.

Hawaiian eruptions are relatively

quiet and safe, however, compared to

those of other volcanoes. They pro-

duce basalt—fluid lava that is rela-

tively rich in magnesium and calcium

and poor in silicon and alkalies. Spec-

tators crowd toward the accessible

eruptions instead of fleeing, presenting

formidable problems in traffic regu-

lations and public safety. The rangers

of the National Park Service work
long hours to keep the situation in

hand, and most eruptions are viewed

by orderly crowds at the site, with long

lines of cars filled with people waiting

their turn to see the spectacle.

The scientists at the scene measure
and record every visible aspect of the

activity. Dimensions, directions, and
rate of movement of flows are noted,

as well as the type of lava, height and
length of fountains, rate of outflow,

and extent of fumes. Such equipment
as transits, levels, and stopwatches

make the measurements as quantita-

tive as possible. Photographs (stills

and regular and time-lapse movies)

are made of all phases of the eruption

and systematically recorded.

Temperatures of fountains and lava

flows are measured with optical pyrom-
eters like those used by iron foundry

men. The colors of incandescent mate-

rials are indicative of their tempera-

ture, and the red and orange color of

the lava as viewed through the tele-

scope of the pyrometer is compared
with a glowing wire of known tem-

perature. For best results the meas-

urements are made at night, and, even

then, fume between the lava and the

observer gives rise to low apparent

values. More accurate temperature

measurements are made with potenti-

ometers wired to thermocouples in-

serted directly into the molten lava.

Gathering samples of the new mol-

ten material is an important and some-

times difficult task for the volcanolo-

gists. Pumice raining down from the

fountains is collected in pans or on

canvas squares laid out on the ground.
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Conveiitiuiial aerial view of a section of Kilauea Volcano's

crater, with Halemaumau fire pit at left and Kilauea Iki at

right, is an example of the detailed photographic record that

is kept by Hawaiian Observatory to study volcano's changes.

The time of collection is carefully

noted, because significant shifts in

composition take place during some

eruptions. For example, during the

1959 eruption in Kilauea Iki Crater,

the composition varied with the vio-

lence of fountaining; magnesium in-

creased and silicon decreased during

greater outflow, because more olivine

crystals were swept out of the magma
chamber with the lava. Some pumice

samples are collected with particular

care, using pans, glass jars, and surgi-

cal gloves that have been sterilized in

advance. These samples are searched

for inorganic precursors to living mat-

ter. Samples of lava are collected by

hammering a chip off a newly "frozen"

(congealed) flow, by scooping directly

from a molten pool or stream with a

long-handled dipper, or by wrapping

a blob of the lava around the end of a

ceramic tube or even a wooden stick.

As protection from the intense heat of

the molten lava, heat shields such as

asbestos suits or hand-held aluminum
panels are used.

Gas samples are collected in evacu-

ated and sealed glass tubes with spe-

cially prepared tips. These are inserted

into a gas vent, or directly into the

lava, and the tip is broken off. The
vacuum draws the gas into the tube,

which is then resealed.

Portable seismic equipment is used

to study earthquakes and harmonic
tremor near the fountains and also to

determine where new outbreaks of

lava might take place.

If an eruption occurs in inaccessible
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terrain, such as high on the slopes of

Mauna Loa or in the jungle east of

Kilauea, it may be many hours or days

before scientists can reach the scene.

Meantime, evaluation is made by long-

distance ground observation and by

air reconnaissance, using observation

planes supplied by the Air National

Guard and the Civil Air Patrol. First

consideration is given to determining

the exact location and extent of the

activity, and the potential danger to

human structures and activities.

The scientists left at the Observatory

during an eruption maintain the seis-

mographs and study the seismic rec-

ords. These have to be changed on the

instruments for visual recording more

often than usual; otherwise the traces

of harmonic tremor and earthquakes

would be so crowded that the records

would be unreadable. Changes in tilt

are measured on the water-tube tilt-

meter in the vault on an hourly basis,

and the progressive changes are plot-

ted and carefully analyzed. The chemi-

cal laboratory may be busy with ana-

lyses of newly collected material; the

results serve as guides to further col-

lections during the eruption.

Meanwhile the Scientist-in-Charge

has set up a "command post" at the

Observatory. He co-ordinates the sur-

veillance of the eruption, maintaining

communication with scientists at the

scene by means of radio and telephone.

He notifies National Park and Civil

Defense officials. Geological Survey

headquarters, and the press at the time

of the outbreak (before, if possible)

and when any unusual activity devel-

ops as the eruption progresses. Daily

summaries of the course of the erup-

tion are issued to all concerned. Wives

of the staff and friends of the Observa-

tory pitch in to help answer the tele-

phone and to prepare food and hot

coffee for the busy workers.

1IFE does not return to normal un-

J til long after the eruption. The

many earthquakes recorded on the

seismographs have to be located, and

the occurrence of tremor analyzed.

Timing of tilt changes, seismic events,

and variations in the eruption are

carefully compared. Additional tilt,

level, and geodimeter measurements

are made and compared to those made
before and during the eruption. Aerial

photographs are taken of the eruption

area, and the new lava flows and cin-

der cones are mapped on the photo-

graphs. The staff collects additional

samples of the new lavas—a job that

may entail flying into remote areas by

helicopter or hacking through the

jungle with machetes. Slices of the lava

samples are cut to a translucent thin-

ness and studied under the polarizing

microscope. Other samples are ana-

lyzed in the chemical laboratory at the

Observatory and at other laboratories

of the Geological Survey. Some are

crushed, sieved, and the minerals sepa-

rated and studied. Eventually all of

the data and conclusions are incorpo-

rated in one or more technical reports,

thus adding a new chapter to the long-

term study of volcanoes to provide a
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H/tuch more can be learned about heat changes by the use of

infrared aerial photos, such as this one of the same area,

than from conventional pictures. Infrared photos show the

hot spots, thus helping to sense subsurface heat emission.

:! clearer understanding of how the

world was made and of the changes

I

that are still in progress.

Three eruptions of Kilauea during

the last seven years ponded their

flows in accessible pit craters, forming

stagnant lakes of molten lava—the
1959 eruption in Kilauea Iki Crater,

the August, 1963, eruption in Alae
' Crater, and the March, 1965, eruption

in Makaopuhi Crater. These lakes are

(unique natural laboratories for study

of the solidification of basaltic lava,

' and have become the centers for a

(major continuing effort by the Obser-

vatory staff. The information gained

lelps increase our understanding of

)lder flows in Hawaii and all over the

A'orld, and provides clues to processes

Ijoing
on at depth beneath the volcano.

Accessible lava lakes suitable for

tudy are a rare occurrence in the

vorld. The last comparable one in

lawaii formed in 1877. In most of

he world's volcanoes, lava lakes form
inly in the summit craters, as in Hale-

naumau, and are not safe to examine,

(luch less study intensively.

Before the Hawaiian lava lakes

'ould be studied, ways had to be found
D move men and equipment from the

im of each pit crater down to the lake

urface. The lake in Kilauea Iki Crater

'as accessible by trail when it formed,

ut those in Alae and Makaopuhi were

ot. The Observatory staff had to build

ude trails, placing climbing ropes

ver the steeper cliffs. They stretched

ire cables down from the crater rim

3 that equipment could be lowered.

Water hoses, telephone lines, and

wires for seismographs and tempera-

ture recordings were also fed down
from the rim.

Many different methods are used in

studying the cooling lakes of lava, but

core drilling is the key. Holes are

drilled with a portable rotary drill de-

signed for mining exploration—a mod-
ified chain saw, mounted on a steel

shaft and raised or lowered with a hy-

draulic pump. The drill uses special

tungsten carbide bits that are cooled

with water pumped through the drill

stem. With this equipment, holes can

be drilled completely through the solid

crust of the lake and into underlying

molten lava at a temperature of 1070°

centigrade. Thirty-six holes (most of

them 11/8 inches in diameter) have

been drilled so far in the three lakes;

the longest, 55 feet in length, pene-

trated the upper crust of Alae lava

lake, the partly molten center, and the

lower crust, and passed into underly-

ing lava formed in 1840.

For a few hours or days after a hole

has been drilled into molten lava, de-

vices can be forced down through the

bottom of the hole and deep into the

melt. Sometimes, but far from always,

these can later be raised again to the

surface. In this way hollow ceramic

and steel probes have been pushed into

the melt so that temperatures could be

measured with thermocouples; tem-

peratures as high as 1135° centigrade

have been measured within probes in

the molten lava 15 feet beneath the

crust. The viscosity of the melt was

also measured in a successful experi-

ment that followed six frustrating,

failures over a period of three months.

A paddle attached to a steel shaft was
pushed deep into the melt and turned

with weights hung from the shaft

above the lake surface. The experi-

ment indicated a viscosity of 5,000 to

10,000 poises, the first direct measure-

ment of lava viscosity outside the

laboratory.

The drill holes provide ideal cham-
bers for the repeated measurement of

temperatures and oxygen content and
for the collection of volcanic gases.

Core from drilling and from sampling

tubes pushed into the melt beneath the

holes provides material for investiga-

tion at the Observatory and at many
other laboratories. Studies range from
microscopic and chemical analysis to

the measurement of thermal conduc-

tivity and magnetic susceptibility.

Many other techniques are being

used to probe the secrets of the lakes.

Grids of stations have been surveyed

on each lake and are periodically re-

occupied to take measurements of pre-

cise levels, magnetic field, gravity, and
electrical conductivity. Fractures form
in each lake as the crust cools and
contracts. (These sometimes open with

a loud bang directly beneath the in-

vestigator, a rather unsettling experi-

ence. ) Repeated mapping of the newly

opened fractures reveals their pattern

of formation. Ancient lava lakes, ex-

posed on cliff walls of Alae and Ma-
kaopuhi craters, provide clues to fu-

ture changes in the molten lakes.
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Samples, collected by scaling the cliffs

at rope-end, are being studied by the

Observatory staff.

An immense amount has already

been learned from the lake studies-

properties of the molten lava, rate and

temperature of solidification, chemical

changes during solidification and dur-

ing cooling of the solid lava, rates of

thermal contraction, and composition

of gases given off. Much more remains

to be learned, and the studies are being

pursued vigorously.

Avariety of other geological and

1 geophysical studies has been

conducted in Hawaii by the staff of the

Observatory, by Geological Survey

scientists from other centers, and by

scientists from universities and other

federal agencies.

One of the most fundamental in-

vestigations is the geologic mapping

and related microscopic and chemical

studies of Hawaiian volcanoes, both

active and extinct. Work by H. T.

Stearns, G. A. Macdonald. H. A.

Powers, and others has revealed a

striking evolutionary progression in

chemical composition and structure of

the volcanoes. Briefly, each volcano

begins as a low shield, built up by the

repeated extrusion of many thin ba-

salt flows. As the volcano grows larger,

a caldera forms at the summit—the
stage reached by Mauna Loa and

Kilauea. Eruptions then become more

infrequent; the lava changes in com-

position to alkali basalt, and is erupted

as cinders, ash, and viscous flows that

fill up the summit caldera ; Mauna Kea
is in this stage. Still later, small erup-

tions occur, scattered over the flanks

of the volcano. These consist of viscous

silica-rich domes and basaltic cinder

cones and flows, rich in alkalies but

poor in silica. The processes leading to

this chemical evolution of the lavas

are one of the major remaining prob-

lems. There is even considerable con-

troversy over where the changes might

take place—whether in the magma
chambers within the volcanoes, or far

below in the mantle at the site of mag-

ma generation.

A seismic refraction program on the

island of Hawaii recently was aimed

at gaining a better knowledge of the

structure of the crust and mantle be-

neath the volcanoes. Seismic waves

from explosives detonated offshore

from a United States Coast Guard

ship were recorded by portable arrays

of seismographs along the highway
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that encircles the island. Analysis of

the records at the Observatory, to-

gether with earlier studies of distant

earthquakes, indicates that the Moho,
the discontinuity between mantle and

crust, is at a depth of about nine miles

beneath sea level and that the crust is

made up of layers that vary consider-

ably in depth across the island. Other

information on the structure of the

crust has been obtained from measure-

ments of gravity and from aerial mag-

netic surveys. As a result we know that

dense, highly magnetic rock occurs at

shallow depths beneath the summits

and rift zones of Mauna Loa and

Kilauea. The distribution of these

rocks beneath Kilauea is being studied

in more detail by use of a portable

array made up of twelve seismometers

that record on magnetic tape in a

special instrument truck. Delays in ar-

rival times of earthquake waves across

the array will permit the mapping of

many features of the underground

structure and, hopefully, will aid in

outlining the magma chamber.

Infrared aerial photographic sur-

veys made during 1962 introduced a

new approach to determining surface

temperatures on Kilauea Volcano. The

surveys show areas of contrasting sur-

face temperatures, and reveal hot areas

and steaming cracks on the volcano

and cold springs along the coastline.

Repeated infrared surveys may pro-

vide a way to monitor existing hot

spots and disclose new hot areas; thus

they might give evidence of increased

heat flow preceding an eruption.

Co-operative studies with both for-

eign and domestic groups have been

the rule at the Observatory since it

was founded. In July, 1963, the Vol-

cano Observatory became the site of

the first U.S.-Japan Cooperative Sci-

ence Program, sponsored by the Na-

tional Science Foundation. A five-man

team of Japanese earth scientists and

technicians joined the Geological Sur-

vey staff to make special studies of

Kilauea. They installed a closely

spaced network of seismographs in the

summit area (a network similar to

those being used on volcanoes in Ja-

pan) and engaged in many joint

studies with the Observatory staff.

The Japanese group was greeted by

an outburst of seismic activity at the

volcano, accompanied by the move-

Sulphur-lopped cinder cone, remnant

of spectacular 1959-60 eruption, rises

above the rim of Kilauea Iki Volcano.

ment of approximately ten millio

cubic yards of magma from the unde

ground reservoir out into the uppe,,

part of the east rift zone of Kilaue:

This was followed by extensive cracl

ing and faulting in the rift zone. A'

cording to reports from the Observ,

tory, "several earthquakes occurre

per minute, and residents of the vo

cano area were kept awake all nigl

by constant shaking of the ground.

During the rest of the six-month vis

of the Japanese, Kilauea put on an e;

ceptional display of activity—anothf

volcanic collapse, two eruptions, an

several swarms of earthquakes.

The meeting served to bring ti

gether the experience and expe

knowledge of two groups working

the same problems in quite differei

volcanic environments. Mauna Lc

and Kilauea are examples of basalt



lield volcanoes that quietly extrude

real volumes of fluid lava. The vol-

inoes of Japan, like those of the

acific margin of North America,

inge from basaltic volcanoes, similar

) Kilauea and Mauna Loa, to andesi-

and dacitic volcanoes: these ex-

•ude much more viscous lava higher

1 silica and alkalies and lower in mag-

esia. Some of these eruptions consist

f a slow extrusion of a nearly solid

lug, like that which rose from Showa-

linzan in Hokkaido during the early

940's. Many eruptions, however, are

lore violent, and vast amounts of both

ew and old lava are thrown out as

sh, devastating large areas. The co-

perative program allowed the Japa-

ese scientists a chance to compare the

olcanic behavior of Kilauea with that

f volcanoes of contrasting composi-

on in Japan and also to compare

their techniques and theories with

those of the Observatory staff. Similar

studies are now being carried out in

Japan, with U.S. teams working with

Japanese scientists.

The Hawaiian Volcano Observatory

has always served as a training ground

for volcanologists—both domestic and

foreign. In recent years men from

Costa Rica and the Philippines have

studied there, and volcanologists from

all over the world make a point of

stopping for at least a brief visit on

their way across the Pacific Ocean.

The Geological Survey has built its

own cadre of trained volcanologists

by rotating men in and out of the Ob-

servatory on short-term assignments.

One of these w-as sent to help the Costa

Rica government after the Irazii erup-

tion in 1964, and in September. 1965,

another was rushed to the aid of the

Philippine government during the dis-

astrous Taal eruption. These trained

men will be invaluable when we turn

to the task of monitoring the dormant
volcanoes of our own Pacific North-

west—the majestic cones of Shasta,

Hood, and Rainier, which some day

ma)', like ancient Mt. Mazama in Ore-

gon, erupt with devastating violence.

In the future as in the past, the men
on the rim of Kilauea Crater at the

Hawaiian Volcano Observatory will

record the earthquakes, tilt, and tem-

perature of Hawaii's volcanoes. Such

data will provide a better basis for

predicting volcanic activitv and help

unravel the causes and mechanisms of

eruptions, determine the origin of

magmas and the mechanics of their

differentiation, and define the struc-

tures of the volcanoes and that of the

underlying crust and mantle.
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By Dale Whitney

n
large-scale experimental project

aimed at eradication of the dacus

fly is under way in the olive groves of

Greece. If it is successful, it will mark

another significant advance in the sci-

entific control of fruit flies, and wiU

point the way toward important eco-

nomic relief for olive regions.

Because of these broad miplications,

Greek researchers have been joined in

the project by the International Atom-

ic Energy Agency, the U.S. Depart-

ment of Agriculture, the U.S. Atomic

Energy Commission, and entomolo-

gists from several other countries.

Atomic energy people are involved

because radioisotopes will be used in

the experiment to sterilize vast quan-

tities of dacus flies. The Depart-

ment of Agriculture has already eradi-

cated tropical fruit flies on a few small

western Pacific islands with releases of

sterile flies, but is participating in the

Greek studies because dacus fly control

may become important to protect the

California olives (as yet not infested)

.

There is a threefold basis for the ex-

perimental campaign against the olive

fly (Dacus oleae of the family Teph-

ritidae). (I) Entomologists believe

that they can outproduce nature in

propagating the olive-destroying in-

sects. (2) By irradiation from radio-

isotopes at the pupal stage, the dacus

males raised in captivity can be made
sterile without critical loss of their

urge or capacity to mate. No radiation

is transmitted to the sterilized flies

from the low-intensity gamma-ray

source to which the pupae are exposed.

(3) When sterilized males, in numbers

ten to fifty or more times the number

of free dacus males, are released in in-

fested areas, they will dominate the

breeding activity overwhelmingly;

therefore most of the eggs laid by the

free (normal) dacus females will not

hatch, and in a few generations, with

releases of sterile dacus flies continu-

ing each week at the same overwhelm-

ing rate, the insects will be wiped out.

This threefold theory was conceived

and demonstrated by E. F. Knipling,

Director of the Department of Agri-

culture's Entomology Research Divi-

sion. It has worked before, in the late

1950's, with dramatic success. By its

application, the screw-worm fly, Coch-

liomyia hominivorax (Coquerel) , was
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[ombat Dacus

radioisotope technique

eradicated first from Curagao in the

Netherlands Antilles (Natural His-

tory, May, 1955) and then from Flor-

ida and most of the southwestern

United States. Department of Agricul-

ture entomologists had developed the

technique and applied it on Curagao
as a small-scale prelude to the larger

areas in the United States.

Besides extending the method to the

western Pacific, the Department of Ag-
riculture has found in Hawaii that the

technique appears to be promising for

Mediterranean fruit fly eradication;

tests have also been made in Costa Rica

with the participation of several Cen-

tral American countries. The method
also works on the Mexican fruit fly.

But the greatest triumph of the tech-

nique remains its victory over the

screw-worm fly, a scourge of livestock.

The female screw-worm fly lays eggs
in an open wound of an animal. Lar-

vae feed on the living flesh, causing

severe injury and, quite often, death.

Use of the sterile-male method, when
finally attempted on a large scale in

Florida in 1958 and 1959, completely

eliminated the screw-worm fly from
the southeast in fewer than eighteen

months. To achieve this success, the

Department of Agriculture and the

Florida Livestock Board, in a joint

program, released by aircraft seventy

million sterile flies per week at the peak
—and more than three billion during
the eighteen months—over a 70,000-

to 80,000-square-mile area of Florida

and parts of Georgia and Alabama. All

the sterilized insects were bred and
raised in captivity, in a tremendous
"fly factory" housed in a former air-

craft hangar. Releases of sterile screw-

worm flies from a fly-production and
-sterilization unit with even greater ca-

pacity at Mission, Texas, have accom-
plished equally phenomenal results in

the Southwest.

Spectacular as was this victory over

an insect pest—achieved more quickly

than with pesticides, and without the

potential danger of ecological side ef-

fects—it has not been easy to emulate.

Some of the most important work is

the experimentation in Greece to

try to get rid of Dacus oleae. But the

problem is more complex than was
that of the screw-worm fly, the Pacific

fruit fly, and the Mexican fruit fly, for

reasons involving the dacus fly's life
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Life History of tlie Docus Fiy

Female injects ecgs, with the pointed

ovipositor in her rear, into a growing

olive. She deposits about 300 eggs.

Green olives are preferred for her

egg laying. Size comparison of olive

and female dacus fly is shown here.

cycle. Just to test the sterile-male meth-

od on an island off Greece—one much
smaller than Curasao—will require

captive-fly breeding on a large scale.

In the Curagao screw-worm experi-

ment, about 120,000 sterilized screw-

worm flies were released per week.

Entomologists have computed that the

requirement on the tiny Greek isle will

be ten million sterilized male dacus

flies per week.

Basically, the cause of this differ-

ence is the far greater abundance of

the dacus fly. It is estimated that there

were about forty screw-worm females

per square mile on Curasao up to the

time of the successful eradication test

there. In infested areas of Greece there

are as many as 50,000 dacus females

per square mile at the height of the

breeding season.

One of the main reasons for this

greater abundance is the easier supply

of food available to dacus larvae than

to screw-worm larvae.

To produce young, the screw-worm
fly female must find a mammal's
wound in which to lay its eggs; even in

livestock country, she may live out her

life span without finding such a loca-
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tion where she can deposit her eggs

and where the larvae, when they hatch,

will have their necessary diet of flesh.

On the other hand, the female dacus

flies have an abundance of locations in

which to lay their eggs. Every olive is

a potential and accessible place, and

when the eggs hatch, the olive pro-

vides a ready diet for the dacus larvae.

They, in turn, will severely damage
or ruin the fruit.

The female dacus fly is ready to

mate two to four days after emerging

from the pupa (the male is ready to

mate at once) , and can begin to de-

posit her eggs in another four to five

days, or up to twelve days in winter,

She deposits each of her approxi'

mately three hundred eggs one at a

time, and often each in a different

olive. This takes her ten to twenty

days, depending on the ripeness of the

olives; she prefers green fruit, but if

is firmer and injection takes longer.

The eggs hatch in about four days,

and the subsequent larval stage lasts

ten to fifteen days in summer or fall,

and two to several months in the win-

ter. The larval and pupal stages may
take place entirely in the olive, or, in



Larvae have hatched from eggs and
are feeding on a ripe olive, above, in

which the dacus flies also lay eggs.

the winter, the larvae may drop to the

ground, burrow into the earth, and

wait until warmer weather before

metamorphosis.

Thus, the life cycle of the dacus fly

can be rapid. In warm weather in

Greece, the whole period from egg to

adult may be as short as nineteen days.

In colder weather this process slows

down considerably. The result is three

to five generations per year, or more.

To combat such a prolific insect is

not easy. Transferring the sterile-

male technique from the screw-worm,

and from its successful use on some
other fruit flies, to the Dacus oleae

poses three main challenges to the re-

searchers: gathering the precise facts

of life, propagation, and dispersal of

the dacus fly; discovering a method of

sterilizing dacus pupae while still leav-

PupAE develop in the olive or, as is the

case above, in the ground to which
dacus fly larvae may drop and burrow.

When dacus emerges from pupa, male

is ready to mate immediately, and the

female will be ready in two-four days.



ing the resultant males sexually com-

petitive and sexually alluring to the

females: and developing ways to raise

vast numbers of flies in captivity.

Insecticides have been used in re-

search into the numbers of dacus flies.

On the island of Crete in 1962, a bad

year for dacus, bodies of 556 adult

flies were collected on one olive tree an

hour and a half after spraying. Sucji

large infestations, plus rapid and pro-

lific reproduction of the dacus, prob-

ably indicate that a higher ratio of

sterilized males to wild females will be

required for eradication than was the

case with the screw-worm. The hope is

that a starting ratio of ten to one will

be adequate to achieve the elimination

of the dacus in test areas in five gener-

ations, or about a year. If the initial

release rate is suflicient to reduce the

natural population, each subsequent

release of the same number of flies will

result in a higher and higher ratio of

sterile to fertile flies, thereby accelerat-

ing the effects of the sterile flies. A
much higher starting ratio may be re-

quired, however, if the flies are dam-
aged by radiation treatment as were

the fruit flies in western Pacific tests.

Another aspect of the research effort

is to learn the proper methods of ster-

ilizing the dacus pupae. One of the

toughest problems is to attain the exact

amount of gamma irradiation neces-

sary for 100 per cent sterilization, with

minimum casualties of flies and—most
important—without seriously impair-

ing the mating habits of the treated

male or his appeal to the wild females.

In small-scale laboratory experi-

ments, Greek entomologists believe

they have attained satisfactory sterili-

zation results. It remains to be seen,

ho^vever, whether their methods will

work well in mass production of steril-

ized flies for use in the field.

Mass breeding and raising of the

flies in captivity in the enormous quan-

tities that are needed is the third big

problem of the scientists. A steady sup-

ply of millions and even billions of

healthy flies is needed.

One of the critical needs has been

to develop a satisfactory feed for the

larvae. The first intensive research on

this problem was carried on by Dr.

K. S. Hagen, Associate Entomolo-

gist at the University of California,

who was sent to Greece as an Interna-

tional Atomic Energy Agency expert

in 1961-63 to work with Greek scien-

tists. Finally, a formula of more than

ten components—including carrots,

proteins, olive oil, and yeast—was de-

veloped. Although apparently not the

final answer, it has been effective in

the raising of several generations of

dacus flies with good longevity, vital-

ity, and sexual competitiveness.

There was also the problem of find-

ing a medium in which captive, fertile

female dacus flies would deposit their

eggs. Obviously, because of the vast

supply of flies that would be needed, a

substitute for olives had to be found.

What has emerged from much study

are paraffin doines into which the fe-

males will inject their eggs. The eggs

are then removed to hatch.

The overriding aspect of the whole

problem, of course, is to convert these

laboratory-developed techniques into

economical mass production.

Among scientists who are partici-

pating as consultants in the efforts to

solve this and other problems of mas-

sive-scale production of sterile olive

flies are L. D. Christenson and Loren

F. Steiner of the Entomology Research

Division of the U. S. Department of

Agriculture. They have visited Greece

to work with experts of that country's

Benaki Phytopathological Research

Institute, Ministry of Agriculture, Su-

perior School of Agriculture, and

Democratis Atomic Energy Research

Center, and with the international and

U. S. atomic energy agencies.

Perfection of the sterile-male tech-

nique is only one—but a highly impor-

tant—phase of their comprehensive

attack on the olive fly. Their other ap-

proaches to olive-fly control have also

led to investigations of attractants for

trapping the flies, chemosterilants that

may take the place of irradiation, and
the administration of insecticides in

small amounts mixed with baits ap-

pealing to the flies.

Irradiation research is performed on

the dacus fly near Athens, Greece,

by Dr. M. E. Tzanakakis. Here pupae
are subjected to radioactive cobalt.
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Substantial achievement in control

of the dacus fly by the sterile-male

method will have implications for a

wide Mediterranean area.

The dacus fly is one of the world's

most devastating insect pests. It takes

a toll of nearly a third of all olives pro-

duced on countless trees in the Medi-

terranean area. In some sections, in

bad years the loss has run to 80 per

cent of the crop. Greece seemed appro-

priate for the present control experi-

ment because many areas of that

country are so greatly dependent on

the success of the olive crop.

If success crowns the effort in

Greece, it is certain that researchers

and practitioners will attempt to spread

their experience to other areas—and

to other insect pests. This could rep-

resent one of the great achievements

of modern entomological research and

peaceful application of atomic science.

t Paraffin dome supplants the olive as a

I medium into which flies inject eggs.

_ _ , X^^W

Eggs are removed from dome into glass

dish. Larvae feed on a special formula.

Adult females, produced in captivity,

are fed from moistened filter paper.
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Part II:

Locomotion

Without Limbs
Smooth surfaces pose special problems

By Carl Cans

IN
Part I of this article (February,

1966) , we explored some of the rea-

sons why lateral undulatory locomo-

tion provides an obviously successful

method of limbless progression and

discussed some of its biomechanical as-

pects. Such locomotion is simple and

is derived from a variant of an ances-

tral pattern, the activation of which ap-

pears already to have been coded into

the animal's central nervous system. It

apparently incorporates a feedback

from the forming loops so that their

shape is continuously (and automat-

ically?) affected by local conditions

and, more specifically, by the nature of

the points against which the propulsive

force is directed. It permits the travers-

ing of a wide variety of terrain, often

at high speed, and it quickly converts

to a method that is effective in water.

Yet with all its advantages, this

means of locomotion has been shown

to be ineffective for traversing smooth,

even surfaces—areas that lack the ver-

tical irregularities against which the

moving loops may exert their force. It

has also been found to be unsuitable

for traversing smooth, parallel-sided

tunnels. Beyond this, it requires a mini-

mum path width; thus it cannot be

used in a tunnel whose diameter is so

narrow as to make the forming of loops

ineffective. Finally, there is the de-

crease in locomotor efficiency in ani-

mals that have been exposed to other

selective influences that make a

shorter and stouter body more effec-

tive. All of these factors have estab-

lished selective advantages for modi-

fication of the undulatory pattern, or

for different patterns that permit more

effective locomotion under these spe-

cialized circumstances.

Such different patterns have, sur-
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prisingly, been developed by only two

groups—snakes and amphisbaenids. In

both cases they involve the utilization

of friction, which is here used to ad-

vantage for the first time in limbless

locomotion. The propulsive force is in

each case transmitted to the substra-

tum through an area of the animal's

body that remains in stationary con-

tact with the ground. The moving por-

tions of the animal are, in contrast,

lifted either completely or partially off

the ground. This reduction of the force

that presses together surfaces in sliding

contact means a simultaneous increase

of the force loading the zone that is in

stationary contact. Since the coefficient

of sliding friction is much less than

that of static friction, the reduction of

the force required to slide the animal's

moving portion is coupled with a si-

multaneous increase in the force that

the animal may exert backward against

the ground.

THE principles are most clearly

demonstrated by the so-called con-

certina method. In this the animal al-

ways has a coil (or coils I of its body

in stationary contact with the ground.

Only the parts before and after (or be-

tween ) the stationary region(s) are

in motion. In the simplest case, an ani-

mal of weight Fw rests in a simple coil

on a smooth and flat surface; the coef-

ficient of static friction between the

surface and the snake is c. Any attempt

by the animal to stretch out or push

forward its head and anterior end re-

quires that a force be exerted upon

these and that an equal and opposite

force act upon the remainder of its

body. This opposite force will tend to

move the stationary portion of the

body in a direction opposite to that in

which the head is moving.

Slippage will be avoided as long as

the force inducing movement of the

head is less than Fw X c, that is, the

static friction at which movement

would occur. As an increasing por-

tion of the anterior end starts to move,

part of the animal's weight will no

longer contribute to the production of

this potential static friction; it will si-

multaneously induce the negative ef-

fect of sliding friction. There is thus

a limitation of the distance that mayl

be moved by a single such cycle. As the I

slipping point is approached, the ani-

mal places its head and neck in sta-

tionary contact with the ground, and

the portion of the body between this

and the remnant of the original coil

is now pulled as well as pushed. When
the reservoir of static friction induced

by this new coil is no longer needed

to counteract the sliding friction on the

posterior portion of the body, the ani-

mal can move its head and neck for-

ward to the next stationary position.

The concertina pattern has been

modified and adapted in a variety of

ways that indicate its flexibility and

importance. It requires only minimal

changes in nervous control and no

changes in the locomotor apparatus.

Its greatest advantage is that the force

inducing the potential static friction

may be increased by muscular action

beyond the force that is induced by the

animal's weight.

A snake may exert such additional

force by throwing the body into curves

and pressing them inward or outward,

as, for instance, against the walls of a

straight tunnel. The method permits

the snake to traverse such a straight-

sided tunnel because there is no longer

any need for pushing the loops of the

body against anteriorly facing sur-

faces. The force is exerted at right

angles to the wall and to the probable

direction of locomotion.

Several variants of the method per-

mit snakes to climb. In one, the snake



Control of musculature permits some species to have
specialized behavior patterns. For example, each part

of trunk of this small viper of Pakistan sweeps from
side to side, digging trench into sand, allowing the

body to sink down vertically. Waves pass backward,
but movement is from back to front. Head sinks last,

and only a coiled outline remains in mounded sand.

j

constricts a branch and then uses the

potential static friction of the contact

area to counteract the force required

to lift the rest of the body. When the

anterior end has moved to a point

farther up the branch or stem, it exec-

utes a half hitch and again induces po-

tential static friction against which the

remainder of the body may be lifted.

The method reminds one of the way in

which an athlete climbs a vertical pole.

When the bole of a straight tree has

too great a diameter to permit the

snake to throw a complete or partial

loop around it, climbing requires ad-

ditional specializations. Certain snakes

can ascend even such trees by utilizing

free edges of bark breaks or similar

irregularities. The snake treats these

as if they were sides of a shallow chan-

nel that curves up the trunk. Move-

ment within such a channel is by the

concertina method, although the shifts

are often for only short portions of the

body and the motion may proceed

very slowly. Like a rock climber who
finds it advantageous to wear boots in

which the sole does not protrude

beyond the level of the toe, so such a

snake finds it advantageous to be able

to exert the lateral force of its loops as

close to its ventral surface as possible.

This seems to be why many arboreal

snakes have a sharp keel on each side

of their ventral surface, giving them a

cross section resembling a sugar loaf,

rather than an oval.

A final application of the concertina

principle is seen in certain burrowing
snakes and amphisbaenids that have a

pointed and often downward-curved
caudal tip, which they dig into the

ground or the wall of their tunnel and
use as a brace. This, of course, in-

creases the potential force that may be

exerted to move the body forward or to

push the head through the soil.
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The energy consumption of animals

utilizing these methods has never been

measured. Theoretical considerations

indicate that concertina movement

would be slightly less effective than

lateral undulatory movement, mainly

because all parts of the body alter-

nately accelerate and decelerate rather

than move at a steady velocity (at least

in one direction). The inefficiency in-

creases as muscular force is utilized to

increase the static friction potential.

The method is thus one whose advan-

tage must lie in permitting the animal

to move across otherwise difficult ter-

rain, rather than in its mechanical or

energy-related effectiveness.

THE inefficiency of subjecting the

animal's entire mass to cycles of

positive and negative acceleration,

from a zero velocity to that of travel

and back again, is obvious. For in-

stance, the energy absorbed during

deceleration of the body must be ex-

pended on the ground rather than

stored in some manner for the next

acceleration cycle. Locomotor efficien-

cy thus increases as greater fractions

of the animal's mass are allowed to

travel at a constant velocity. In such

a system, the animal has reduced the

mass of the portion that is intermit-

tently in stationary contact with the

ffround; this reduced mass lessens the

momentum required during the accele-

ration cycle. Of course, this is the solu-

tion found in various running (and

flying ) animals in which the accelerat-

ing portions of the appendages are ex-

tremely slender, as in antelopes and

birds. Close to 80 per cent of the mass

of some animals adapted for running

retains a steady velocity during a run;

the bodies move along a straight line,

often without a marked rise and fall.

Certain groups of snakes, such as

boas and vipers, and all amphisbaenids

have utilized this principle in the de-

velopment of rectilinear progression, a

method so called because the animals

can truly move in a straight line. Here
the head and body may travel at a

steady rate, because they have been

liberated from tight connection with

the skin. Such liberation is found in the

ventral surface of snakes, but occurs

around the entire circumference of

amphisbaenids.

Portions of the loose skin are pulled

forward by a series of anteriorly at-

tached segmental muscles, and are

there forced into stationary contact

with the substratum. Several sections

of the body will be in contact with the
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Concertina movements allow snakes to

traverse smooth surfaces and straight-

sided tunnels. Part of body is always

ground at any one time. During this

movement the ribs do not change posi-

tion relative to the vertebral column,

as confirmed by windows cut in the

snake's skin and X-ray movies of a

snake traveling by the rectilinear

method. The segmental muscles can,

depending upon their arrangement,

move the body backward as well as for-

ward, and amphisbaenids have derived

their name (amphis = on both ends,

baena = to go ) from their capacity

to proceed backward down a tunnel.

The angles at which the various

bundles of muscle pass from ribs and

vertebrae to the several parts of the

skin relate again to the mechanical ef-

fectiveness of the system; only the

forces induced in parallel to the direc-

tion of motion will promote accelera-

tion or siistain movement. Yet many
limbless species have the anterior bun-

dles placed at much greater angles to

the surface of the ventral skin and, con-

sequently, positioned less efficiently

than the posteriorly directed bundles.

The anterior bundles apparently pull

the skin forward and out of contact

with the substratum. The skin thus

does not slide, and there is almost no

sliding friction. This reduction of fric-

tion apparently compensates for the

minor inefficiency when the same mus-

cles fold the skin forward.

The points of stationary contact

stationary on ground; snake can then

apply enough force to ground to

move front and rear parts forward.

seem to move along the trunk from

front to rear, although the fraction of

the skin involved in these stationary

connections changes constantly. Recti-

linear locomotion is particularly effec-

tive for travel down a tunnel, as it is

possible to install such a fixed site at a

radial point of the circumference, and
there to contact and pull against a por-

tion of the tunnel's wall; this totally

liberated skin presumably contributes

to the success of amphisbaenids in the

subterranean habitat.

Rectilinear locomotion is also of

interest because it requires a special-

ization not immediately apparent. The
need for liberating the skin is readily

seen, but the method also provides the

first locomotor movement in these

groups that is activated by symmetri-

cal, rather than staggered, waves of

contraction. We know that certain fin

movements are similarly symmetrical,

and so are the jumping movements of

frogs (Natural History, February,

1961). All of these occur in special-

ized forms, and here, again, is a topic

whose meaning needs consideration.

This method, then, has solved the

problem of continuous, relatively ef-

ficient traversing of smooth, even sur-

faces and straight, narrow tunnels. It

has achieved an incidental advantage

because it will let a thick-bodied, short

snake approach its prey in a straight



line without weaving motions. Yet its

slow velocity is a definite limitation to

rectilinear locomotion. A minimum
time is required for the attainment of

static friction between two surfaces,

and an increase in the animal's velocity

will increase the danger of a shift from

static to sliding friction. Speedy travel

appears to be a problem only in the

open, as tunnel dwellers do not seem to

have found rapid travel down an exist-

ing tunnel advantageous; in any case,

we know of no limbless form that has

achieved it.

Avariety of snakes have, however,

developed sidewinding, a drasti-

cally different method of locomotion—

and in some ways a derivative of the

concertina method—that is ideal for

rapid traverses of smooth and even

surfaces. Sidewinding is peculiar in

many ways, not the least of which is

that it may be more effective on soft

sands than on a hard surface; the tend-

ency of the sand grains to slip out from

under the loaded zone turns out to be

advantageous. Sidewinding is certain-

ly a fast, if not the fastest, way for a

snake to travel under these circum-

stances. This speed has led to a certain

amount of confusion and, thus far, an

absence of comparative studies. It is

interesting that Walter Mosauer's de-

scription of the movement has turned

out to be essentially correct, even

though it was prepared thirty years

ago without the aid of stroboscopically

exposed pictures or other parapher-

nalia. His functional interpretations

were, however, quite different from

those now accepted.

It is not the speed alone that makes

sidewinding appear confusing to the

viewer. There is the supplementary

complication that the animal's axis

does not point to the direction of mo-

tion ; the head will generally appear in

a lateral position, and some portion of

the trunk appears to lead. A sidewind-

er's tracks also lack continuity. The

trackway consists of a series of parallel

lines each inclined at an angle to the

direction of motion. Each of these im-

pressions is approximately as long as

was the specimen that produced them,

and it can easily be seen that the snake

occupied it with the head pointing

backivard. How can such tracks be pro-

duced, and why should sidewinding

allow the snake to move at higher

speeds than do the other methods?

The movement may be visualized

most easily by assuming a snake at rest

lying at an angle to the direction along

which movement will take place. To

start into the sidewinding sequence

the snake will lift its head and anterior

body ofE the ground and will then

swing them forward through an angle.

In rectilinear locomotion, vertebrae body forward lie at flat angle; others,

and ribs are rigidly fixed. Muscles at high angle, pull skin back and out

that attach ribs to skin alternately of contact with ground, thus avoiding

contract and relax. Those that pull the sliding friction on return movement.

The lifting of the anterior end and its

acceleration occur without a compen-

sating shift of the snake's body as long

as the forces applied are less than the

static friction potential. Once the head

has reached the new site, having ad-

vanced some distance from the previ-

ous track, it is arched downward. Only

the head, but not the connecting loop,

touches the ground, and the trackways

show that considerable downward
force is exerted ( see pages 40, 41 )

.

The neck immediately forms an an-

teriorly open, U-shaped bend, and the

loop between the two parallel tracks

starts to travel anteriorly as the snake's

body moves from the old to the new
position. Only the portion of the body

within the loop moves at any one in-

stant; those portions in contact with

the tracks remain stationary. As soon

as the potential static friction exceeds

the amount required to lift and accele-

rate a single loop, the head may lift

off the second track, swing anteriorly

and move toward the site of a third

track to start a new cycle.

SIDEWINDING has an inherent disad-

vantage—the animal's entire mass

must be lifted off one track and trans-

ferred to the next by inuscular action,

and this must happen once each cycle.

This suggests that lifting the loops too

high may be disadvantageous, and it

is perhaps also suggestive that various

snakes that sidewind only occasionally

and poorly seem to lift their loops

much higher than do forms for which

this is the characteristic method of

movement. The excellent trackways ob-

tained by letting an animal cross a

piece of sooted cardboard or a surface

strewn with fine sand show that the

loops will occasionally touch the

ground, particularly when the head is

swinging to the next track.

There may well exist a kind of feed-

back that indicates to the snake the

amount of sliding friction it may toler-

ate, or that strikes a balance between

it and the static friction potential. In

contrast, there are certain sands that

pack into a solid mass when com-

pressed, but whose surface particles

roll under lateral forces and act almost

like solid lubricants. This effect is well

known to anyone who has ever tried to

take a car around a fast turn while

traveling on an unbanked loose-gravel

road. A sophisticated control arrange-

ment might permit the snake to com-

pensate for surfaces with different co-

efficients of friction by raising or low-
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ering the loops or by letting them rest

more or less heavil)' upon the ground.

A sidewinding snake will also leave

remarkably sharp markings of its ven-

tral scales along the track, and when
traveling on loose sand will push up a

narrow, fringing ridge of sand on each

side. This is because the forces tending

to shift the body on the ground act at

an angle to, rather than in parallel

with, the individual track. When a

snake is moving between three tracks

{see beloiv
)

, the portion of its body on

the second one will be acted upon by

opposed forces directed along roughly

parallel lines. Such pairs of opposed,

parallel forces are known as couples,

and induce tendencies for the structure

to rotate about a point intermediate

between them. Since the sites of force

application move as the loops shift, so

do the couples. The slight amount of

movement actually induced would

tend to shift the body from side to side

rather than along its track.

THIS movement appears to be re-

sponsible both for the ventral scale

markings and the sand piling. The

piled sand limits excursion by increas-

ing the available resistance, and allows

the trunk's ventral surface to return to

the static condition. The slippage

would be most likely when snakes mov-
ing at a high velocity temporarily ex-

ceed the potential static friction. Both

the sand piling and the markedly

greater coefficient of sliding friction at

an angle to the long axis again suggest

that a self-limiting device is involved.

Most of the species that make major

use of sidewinding are forms of the

desert or of sandy and rocky areas in

which there are relatively large dis-

tances between hiding places. Species

of such zones are exposed to predators

when crossing from one sheltered spot

to another. Speed, rather than loco-

motor efficiency, is the major factor

seemingly selected for. Dr. Raymond
B. Cowles of U.C.L.A. has recently re-

emphasized the speed possible with

sidewinding movement, and has also

suggested that sidewinding is of selec-

tive advantage to snakes that may have

to cross stretches of hot sand when dis-

turbed at midday. He feels that the

lifted body affords less opportunity for

heat gain by conduction.

The latter hypothesis, which could

permit the metaphor that sidewinding

may let a snake gallop or tiptoe across

a hot surface, is appealing. Yet the rate

of heat transfer is also a function of

time, and sidewinding is certainly
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Rattlesnake sidewinding on smooth
surface is traveling straight upward

three times as fast as the fastest recti-

linear movement. Furthermore, the

body is out of contact with the ground

just as much in the concertina, and
possibly in the rectilinear, movements.

So speed remains the most obvious ad-

vantage of sidewinding.

The methods of lateral undulation,

concertina movement, rectilinear pro-

gression, and sidewinding are the four

locomotor patterns generally discussed.

This is because they are probably the

most common methods of limbless

movement, but they are far from being

to top of picture. Head and neck are

lifted, but not placed for next move.

the only ones. Certain aquatic snakes

have developed flattened, oarlike tails,

which provide increased surface in the

zone where the moment arm (distance

from force application to fulcrum) is

longest; this makes their swimming
much more effective. Some East Indian

species have devices for flattening their

ventral surface into a concave surface.

They launch themselves from trees

and, by maintaining a fixed posture,

glide rather than fall.

Certain short-bodied amphisbaenids

have developed an emergency escape

In diagram of sidewinding progress

dark parts of body are in contact with

ground. Dashes show future pathway;

arrows show direction of the motion.



mechanism in which they dig in their

downward-curved tail while their body

lies in an S-shaped curve. They then re-

verse the S by sudden muscular con-

traction, imparting enough energy to

send the body flying forward a short

distance. A series of these '"jumps," or

saltations, allows the animals to travel

at an otherwise unattainable speed. All

such devices represent specializations

of often limited groups, and none of

them is as widespread (successful) as

the four major methods of limbless lo-

comotion. Their interest lies mainly in

giving an increased appreciation of

the diverse paths along which forms

I may be moved by natural selection.

PERHAPS the most important thing

that must be appreciated about the

,
locomotor pattern of limbless forms,

I and the one that has probably been

II masked effectively by discussing and

analyzing them under separate head-

', ings, is that the animals pay no atten-

tion to the biologist's carefully worked
I out schemes. They can, and one might

\ almost say they generally do, utilize

i two or more methods simultaneously

1 and with different portions of their

' body. Thus, swimming snakes can,

when leaving the water, shift the an-

terior portion of their body either to

lateral undulatory or to concertina

movement and still "row" with their

posterior portion.

When the anterior zone of a side-

winder reaches an area in which rocks

make sidewinding ineffective, it may
shift into rectilinear movement, al-

though the posterior portion often

continues the sidewinding motion.

Careful analysis of snakes traversing

broken ground has shown that they

often use a combination of concertina

and lateral undulatory movement. It

thus becomes difficult to understand

the pattern of progression unless there

are devices for measuring the location

and magnitude of the forces exerted

by the animal.

Even when we have a record of the

forces, and can see what the snake

does, we have only answered the first

questions. We do not know how the

snake knows which method will be

most effective. Nor do we know how
an arboreal form handles the addi-

tional task of controlling slippage not

only of the whole animal but of each

portion of the moving and often elon-

gate body. And, much more to the

point, how does the snake keep track

of the requirements of the different

zones along the length of its body?

"Know" is clearly the wrong word to

use. In each case there must be seri-

ally arranged, semiautomatic systems

or devices for reporting the existence

of fixed sites and for monitoring the

pressure that will make a particular

deflection take place.

It is clear that these devices are simi-

lar to, although perhaps more com-

plex than, those already mentioned in

discussing the animal's control of a

single locomotor pattern. Feed-back

circuits are involved between the sev-

eral levels of receptors and the muscles.

These have been shown to involve the

animal's central nervous systems, both

on the spinal and the cephalic levels.

Their analysis is properly a problem

in neurophysiology.

The foregoing analysis has sug-

gested functional reasons for the de-

velopment of the major methods of

limbless locomotion. To state the

problem differently, the analysis has

brought out a sequence of possible

selective advantages that could, and

probably did, trigger the development

of the several markedly different meth-

ods of limbless locomotion. The es-

tablishment of such a sequence of

advantages represents one use of the

functional approach to anatomy.

The operational answers provided

by functional morphology, then, serve

mainly to provide us with the basis

for asking more specific and possibly

more sophisticated questions at the

next level of functional explanation.

Hooks at track ends are made by head and side ridges show slippage during

of sidewinding snake. Depth of track shift from static to sliding friction.
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Oceanside

and Inland

Faces of Florida

Desolate sand dunes of the Gulf Coast

contrast with the lush vegetation of
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a swamp, right. Exotic birds like the

anhinga flourish in protected areas.

From the swamps of the south to the

forests of the north, the Florida

peninsula harbors an abundance of

natural wonders. The home of alliga-

tors and ibis, citrus groves and cy-

presses, and islands of pine and palm,

the state is a land of contrasts. It has

30,000 lakes, 1,200 miles of coastline,

and its entire southern tip constitutes

a subtropical wilderness. Some of the

world's rarest birds nest in Everglades

National Park, and its marshy waters

are America's last refuge for many
animals. These pictures were entries

in a Florida photography contest.



Marion Creek, in central Florida, is

part oj a network oj inland waterways.

Stiltlike mangroves along the shore of

Biscayne Bay help stabilize the sand.
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Comets, studied for many years,

remain an enigma to scientists.

By Thomas D. Nicholson

As did many other famous comets, Ikeya-Seki, Comet

^
1965f, which I described in last month's "Sky Re-

porter," became a much more interesting object after it

had passed around the sun and began moving out into the

far reaches of the solar system again. After October 21,

when it passed through perihelion, reports began coming

in that it had been seen in daylight; that it had developed

a long, brilliant tail; and, finally, that it showed evidence

of breaking up.

Dr. Elizabeth Roemer, of the U.S. Naval Observatory

Station at Flagstaff, Arizona, described the comet as a

naked-eye object throughout the day of October 20 and

for most of October 21, until atmospheric haze began to

interfere. At 4:30 P.M., MST, on October 20, she reported

seeing a sharply curved tail, about 2 degrees in length, when

the comet was within one solar diameter of the edge of the

sun. She said she had the impression that the comet's head

was comparable in brightness to the visible surface of the

sun during the afternoon of the 20th.

Numerous persons throughout the United States saw the

long, bright tail that Comet Ikeya-Seki developed after

perihelion. Easily visible as it rose in the dawn sky during

late October and early November, the tail grew in length

until its arc was about 2.5 degrees.

Another link in the kinship between Comet Ikeya-Seki

and its famous predecessor, the Great Comet of 1882, was

discovered during early November. After Comet 1882 II

passed around the sun, its nucleus was observed to break

up into five or six distinct, starlike points, strung out in line,

prompting the nickname "The String of Pearls Comet."

Astronomers wanted to find out if the same kind of dis-

ruption would take place when Comet Ikeya-Seki passed

a similar distance from the sun. Apparently it did. On

November 4 and .5. Mr. Howard Pohn, of the U.S. Geologi-

cal Survey Astrogeology Station at Flagstaff, Arizona,

observed that the nucleus of Comet Ikeya-Seki had broken

into two or. possibly, three distinct parts, strung out through

the comet's head. Confirming observations came from ob-

servatories in South Africa, California, and Japan.

This comet's similarity in orbit and behavior to those

of other members of this sun-grazing family again raises

the question of the origin of this family in particular and

of comets in general. Comets may be described as large

collections of meteoroid particles (small chunks of stony

or metallic material) bound together by a slushy envelope

of frozen gases—generally molecular forms of hydrogen,

oxygen, nitrogen, and carbon, and their compounds. Their

orbits are usually elongated ellipses, so that their distance

from the sun varies considerably. When far from the sun,
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ihey are inactive, cold, dark objects, since they receive

little solar energy. And, since they must obey all the laws
of orbital motion, they spend most of their time traveling

slowly through the outer parts of their orbits. Thus, a comet
is observable from earth only when it approaches close to

the sun so that it brightens, develops a tail, and perhaps
breaks up into several parts.

At one time, comets were thought to be rare. Until the

eighteenth century, the only ones known were those that

became bright enough to be seen readily by the unaided
eye. With the invention of the telescope, discoveries in-

creased. Since 1800, improved observing instruments and
techniques have sharply increased both the number dis-

covered and the rediscoveries of periodic comets. In the

decade between 1950 and 1960, for example, some 80 were
observed, more than were seen during the entire eighteenth

century, although many of these were previously known
periodic comets. At the present rate, we may expect to see

300 to 400 new ones in every century.

Until the eighteenth century, it was believed that each
comet was a new one. making a single appearance in earth's

sky and then disappearing forever. The English astronomer
Edmund Halley (1656-1742) discovered that the bright

comets of 1531, 1607, and 1682 had similar orbits. He
stated that these were actually the same object returning to

the sun's vicinity every 75 or 76 years, and predicted that

it would return again in about 1758. It did, and in his

honor, even though he did not live to see its reappearance,

it was named Halley's comet. It remains the most famous
member of the comet family, with a history of observation

dating back to 240 B.C., and continuing to 1910. It is ex-

pected to return sometime in 1985 or 1986.

TODAY, there are close to 200 known comets whose or-

bits are elliptical. Their periods vary considerably,

from 3.3 years ( for Encke's comet, the one of shortest

known period) to many thousands of years. In the periodic

group are several families of short-period comets whose
periods and orbits indicate that they have some physical

relationship with the major planets. Some 66 comets with

periods of less than 10 years belong to Jupiter's family.

Saturn's family contains 5 with periods of 12 to 20 years;

Uranus controls 6 comets with periods of 27 to 50 years;

and Neptune's family contains 10 (including Halley's

comet) with periods of from 50 to 100 years. Aside from
those associated with the planets, all others have periods

in excess of 100 years.

The great majority of known comets travel so rapidly

in the sun's vicinity that their orbits appear to be para-

bolic or near parabolic. (This type of orbit is between an

elongated ellipse, in which the comet would return again,

and a hyperbola, in which a comet would escape from the

sun.) It is unlikely, however, that all these are actually

traveling in parabolic orbits. Astronomers are generally

agreed that most comets are actually moving in very long-

period elliptical orbits that resemble parabolic orbits only

in the sun's vicinity. It is also agreed that these comets

will return to the sun again, but only after long intervals-

millions of years in some cases.

Great Comet, as it appeared on October 9, 1882. is shown
in wood engraving. Besides spectacular night display, comet
was clearly seen near the sun at noon on four successive days.
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In diagram, inner orbits are representative of short-period

comets (mostly of the family of Jupiter) that appear every

3.3 to 15 years. Large eliptical orbits represent the paths

of comets that return every 100 to 1,000 years. The orbits

that appear as incomplete lines are those of the parabolic

comets that make a single visit and are never seen again.

Each time a comet passes through perihelion, it must
lose some of its material. Although there is no absolute

knowledge of how much material a comet possesses, it is

clear that those which come close enough to the sun to de-

velop a coma and a tail must lose an appreciable amount of

their material. It has been estimated that most known peri-

odic comets can survive only about 100 trips around the

sun before they disintegrate completely. Halley's comet,

therefore, might have a total lifetime of less than 7,500

years in its present orbit. In the case of a comet in a near-

parabolic orbit, with a period in the order of a million

years, the expected lifetime might be about 100,000,000

years—a relatively short interval in the cosmic time scale.

IF
we accept the fact that comets are transient objects, we
must somehow account for the fact that we continue to

see them today in a solar system that is at least five billion

years old. Several possibilities present themselves. It may
be that the solar system is continually being supplied with

comets from interstellar space. In the observed velocities

of comets as they pass near the sun there is no evidence that

they have reached us on interstellar orbits. It may be that

comets are continually being formed within the solar sys-

tem. Several people have suggested that eruptions of a sort

from the giant outer planets, from their satellites, or even

from the sun may produce comets. But there is no evidence

that such a process is taking place or can take place. It may
be that the comet-formation process occurred late in the

history of the solar system and resulted in the comets we
now see, whose number is gradually being depleted by the

decay process. Yet the number of known comets is increas-

ing, possibly the result of better observing techniques. Fi-

nally, it may be that comets were a product of the forma-

tion of the solar system itself, and those we see have

survived, in spite of the decay process, to the present time.

A theory has been proposed, principally by the Dutch
astronomer Jan H. Oort, to account for such a comet pop-

ulation. According to Oort's hypothesis, the creation of the
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solar system resulted in a comet cloud that revolves around

the sun at a distance of 50,000 to 150,000 astronomical

units. Ordinarily, the comets within the cloud never ap-

proach the sun. Occasionally, however, some of them suffer

a perturbing force from nearby stars, which may "jostle"

them into interstellar space or into a path that will bring

them into the sun on a greatly elongated orbit. As they

approach the sun, additional perturbations from the large

outer planets may deflect them into interstellar space or

change them into periodic comets that pass regularly

around the sun. After a hundred or so passages, they will

be destroyed, but they will be replaced by new objects.

The supply, of course, is not inexhaustible, for the comet

cloud itself is continually being depleted. However, only

a few thousand or so comets at a time will be in orbits

close to the sun. Oort postulates that the cloud may contain

100 billion or so objects, so that the present rate of observ-

able comets could be sustained for some time.

The theory could also account for the family of sun-

grazing comets to which Comet Ikeya-Seki belongs. It is

possible that the parent of the group was a much larger

comet that was deflected from the cloud into the sun's vicin-

ity. When it passed close to the sun on its first journey, the

large object may have been broken up into several parts.

Each of these parts would continue to move around the sun

on orbits similar to, but slightly different from, that of the

parent object. So each part will return on a path similar

to that of the other parts. If so, we may not yet have seen

the end of the sun-grazing family.

Although Comet Ikeya-Seki may not return for a thou-

sand years or so, its brothers or cousins may continue to

come in on the course blazed by an unknown, ancient par-

ent. Each of these, in turn, may bring us another spectac-

ular display like those of comets 1965f, 1882 II, or 1843 I.

Dr. Nicholson, the regular author of this column, is also

Chairman of the American Museum-Hayden Planetarium.
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lull Moon March 6 8:45 p.m., EST
ast Quarter Marcii 13 7:19 p.m., EST
I'lew Moon March 21 11:46 p.m., EST
j'irst Quarter March 29 3:43 p.m., EST

March 1: Jupiter is in conjunction witin the moon at 3:00
I.M., EST. After sundown tonight the planet will be to the right

5f the first quarter moon, in the southern sky. Jupiter Is the

orightest object in Taurus.

Venus, magnitude —4.3, reaches greatest brilliancy in the

naming sky. The planet Is now rising about an hour and a

lalf before sunrise, and it appears low In the southeast as the

lawn brightens. ,

March 4: Mercury, at greatest easterly elongation from the

^un (18 degrees), is favorably placed for observation as an
ivening star for several days before and after this date. Look
tor the planet a half hour after sundown; It will then be about
LO degrees above the western horizon.

March 10: Saturn Is in conjunction with the sun and moves
nto the morning sky.

March 11: Mercury becomes stationary in right ascension

ind begins to mov^ retrograde (westward) to approach the

un rapidly.

March 17-18: Venus and the late crescent moon appear
lose together In the morning sky on both days. On the 17th,

TIMETABLE
March 1 11:00 p.m.

March 15 10:00 p.m.

March 31 9:00 p.m.

(Local Mean Time)

Venus is to the left of the moon; on the 18th, to the right.

March 20: The sun arrives at the vernal equinox, im the

constellation Pisces, at 8:53 p.ivi., EST. Spring then begins In

the Northern Hemisphere, autumn In the Southern Hemi-
sphere. It is interesting to note that the full moon of March 6
was the harvest moon In the Southern Hemisphere.

March 21: Mercury Is at Inferior conjunction, passing be-

tween the sun and earth, and enters the morning sky.

March 28: Since passing Jupiter early In the morning of

March 1, the moon has gone completely around the earth

and will pass Jupiter again at 2:00 p.m., EST, today. Note that

It was just past first quarter moon on March 1 when it was
near Jupiter, but in tonight's sky It is still a crescent moon,
not quite first quarter.

All Month: Only Jupiter is prominent as an evening star this

month, appearing in the south as darkness begins, and setting

about midnight. Mercury may also be seen as an evening star

for a few days In early March, but it is never easy to see.

Venus Is a brilliant morning star throughout March, rising

earlier in the east as the month progresses.



^Ho\^a Bird Tells
les deal with "biological clocks"

By John D. Palmer

48



theTiline of DaJ
THE industrious robin arises early

each morning to forage through

worm-laden gardens. At twilight it

ceases its day's work. The following

day it again rises with the sun and

ventures forth to range over its ter-

ritory. Day after day, month after

month, this routine is seldom broken,

except during migrations.

If a robin is caught and placed in

a specially constructed cage, in which

its movements can be automatically

and continuously recorded, it is pos-

sible to quantify its activity, hour by

hour, throughout the day and night,

and to obtain an accurate picture of

its daily agenda. During the night the

robin rests quietly. With the advent of

sunrise the fast is broken, and the bird

engages in the busiest activity of its

day. During the midday hours the

amount of activity gradually lessens,

until, in the cool of the early evening

and before the encroachment of dark,

a second surge of activity occurs.

This pattern is neither new nor sur-

prising; bird watchers have long

known that for the utmost enjoyment

of their avocation they must venture

forth at dawn. Also, the early morning

maximum is what one might predict

on theoretical grounds alone, for

metabolic processes in birds run at a

rate considerably higher than that of

man, when the two are compared on

an ounce-for-ounce basis. Therefore,

birds require relatively large amounts

of food for fuel. It is only natural,

then, that after living through the

night on stored food, the robin begins

its day with an active search for nour-

ishment to replenish its depleted re-

serves. If the caged bird's movements

are recorded continuously for weeks

at a time, it is found that this activity

pattern is repeated virtually un-

changed day after day. Because of the

recurrent activity pulses, such cyclic

behavior is referred to as the bird's

activity "rhythm." This kind of

rhythm and other biological rhythms

have been described for several birds,

a great many other animals, and nu-

merous plants. In fact, because bio-

logical rhyt' are so universally dis-

tributed th» 'lout the kingdom of

living things hould probably be

recognized as a fundamental property

of life itself.

The top graph on page 50 suggests

that the onset of daylight is the bird's

alarm clock, signaling the time to

awake. The bird is active only during

the daylight hours, and sunset appears

to dictate the time it retires. During

long-term studies, the bird's proclivity

for day activity is repeated with such

constancy that chance coincidence is

unlikely. However, even obvious re-

lationships should be subjected to ob-

jective experimentation. To test the

role of sunrise, daylight, and sunset

in the genesis of the rhythm, one could

relocate a bird geographically—for ex-

ample, transport it from New York to

California, where sunrise occurs three

hours later. Then the bird could be

observed in its new location to see if

it awoke three hours later than usual

—at the time of California sunrise. An
even more extreme test would be to

translocate the bird rapidly to the op-

posite side of the earth, and thus

completely reverse the day—night

schedule to which it was accustomed

(noon in New York corresponds to

midnight in Chungking, China) . How-
ever, jet airline fares are sufficiently

high, even for a robin, to make more
economical steps practical. The same

effects can be observed if a laboratory

is equipped to subject the bird to dark-

ness during the daytime and light

throughout the night. We subjected

several birds to such a change in the

laboratory, and found that their

rhythms could be completely re-

versed in an interval as short as three

days in the reversed light regime. The

birds now awoke at the time they had

previously retired and went to roost

at the time they previously awoke.

THIS and other related studies

would lead one to believe that the

changes between light and darkness

and the presence of light itself were

the causes of activity rhythm. Yet this

is not the case. As further experiments

showed, the rhythms per se are essen-

tially independent of such changes.

The curve in the top graph on page

50 was obtained from a robin whose

cage had been placed adjacent to a

window in the laboratory, thereby ex-

posing the bird to the light changes

natural in its wild habitat. (It might

be noted here that all robins tested

showed curves of virtually the same
shape.) The caged bird's pattern of

activity corresponded to the hours of

daylight. However, if the cage was re-

moved from the window and placed in

a special chamber in the laboratory,

in which the birds were isolated under
a dim light source of constant inten-

sity for day after day (the temperature

was also constant), a remarkable ob-

servation was made. Periods of activ-

ity alternated with those of quiescence

in an almost identical manner to those

in natural daylight. The bottom graph
on page 50 shows the activity pattern

on the first day after the bird was
placed in static conditions of light and
temperature. The robin awoke at the

same time as when it was kept in al-

ternating day—night conditions, was
most active during early and mid-
morning, slacked off through midday,
and terminated the cycle with an eve-

ning burst of activity before retiring.

In some way the bird was able to

mimic the behavior of its former
neighbors in nature, even when com-
pletely isolated from them in artificial

and unvarying laboratory conditions.

This ability of birds (and most
other organisms) to "tell time" even

when they are maintained in constant

conditions, has puzzled biologists since

the first experiment was made in 1729.

Most investigators now attribute the

ability to some as-yet-unknown phvsi-

ological mechanism that resides within

the organism and is geared to body
functions in such a way that it adjusts

the rates of these processes to produce

overt biological rhythms. This enig-

matic mechanism is popularly called

the "biological clock."

An interesting feature of biological

rhythms is that the period (the interval

between the onset of two consecutive

times of activity) usually changes

slightly w^hen the organism is placed

in constant conditions in the labora-

tory. The period no longer has a dura-

tion of 24 hours as it did in nature, but

now becomes a little longer or shorter,

depending on the species of animal
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studied. Such a change is seen in the

graphs on these pages, which portray

the rhythm of a robin during the first

five days after it was placed in con-

stant light—temperature conditions.

Notice that each day the activity phase

of the rhythm starts and ends a little

later than that of the preceding day, so

that after several days the activity is

no longer centered between the times

of sunrise and sunset in nature, but

has shifted by a few hours. The active

phase continues to drift slightly later

each day for the duration of the time

the bird is kept in static conditions.

If several of the periods are averaged,

one finds that the period of the rhythm

has become a little over 25 hours long.

This slight lengthening (or shortening,

depending on the species and individ-

ual) is a property of most biological

rhythms that persists in constant con-

ditions. Because the period of the

rhythm is altered slightly from 24

hours, these rhythms are referred to

as "circadian" (circa =: about; diem

= day)—rhythms about a day long.

IT now becomes clear that the bird's

clock must be running constantly,

but that when the bird is free in its

natural habitat, the rhythm is en-

trained by the day—night cycles to a

period of 24 hours. In addition, the

phase of the rhythm (the position in

the cycle at which the most activity

occurs) is similarly determined; the

bird is exclusively day active.

So restricted to light are day-active

birds that even parts of their anatomy

reflect the tendency—the eye. for in-

stance, shows several modifications.

The actual light-perceptive units of vi-

sion in the eye are the retinal rods and

cones: the cones are responsible for

color vision and, in general, only re-

spond to relatively bright light intensi-

ties; the rods do not distinguish color,

but are highly sensitive to weak light

intensities. As would be expected, the

retinas of such diurnal birds as the

robin are rich in cones, while the vis-

ual receptor cells in nocturnal birds,

such as the owl, are almost exclusively

rods. Another feature unique to the

eye of day-active birds is a scattering

of red, yellow, and orange oil droplets

throughout the retina. These heighten

the contrast of colored objects in the

field of view. Birds that rise the earli-

est—and the worm-catching robin

is, of course, among them—have the

greatest number of red droplets.

Night-active birds have, primarily,

MIDNIGHT 6;00A.M.

Exposed to normal light changes, robin

has a burst of activity in the morning

NOON 6:00 P.M. MIDNK

that moderates gradually until another

slight burst occurs just before dark.

MIDNIGHT 6:00 A.M.

Activity curve of same robin, on the

fourth day of a reversed light cycle.

NOON 6:00 P.M. MIDNK

shows that bird has co-ordinated its

movements to simulated daylight hours.
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On its first day's exposure to constant

light and temperature, bird's activity

rhythm is essentially unaltered. On

NOON 6,00 P.M. MIDNIG!

succeeding days, as shown in graphs

at right, the rhythm period gradually

increases to slightly over 25 hours.
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pale or colorless droplets. Their eyes

are usually larger than those of di-

urnal species; in some owls, for ex-

ample, they may even equal or exceed

the weight of the brain, and are of

such enormous size that they nearly

touch each other in the median plane

of the skull. ( In some owls, the eye-

balls are as large as a man's.)

The clock is a fundamental "struc-

ture" of the adult bird and important

in its daily life. To discover the time

during the development of the young

bird at which the clock appears, two

German investigators, Drs. Jurgen

Aschoff and Johannes Meyer-Loh-

mann, placed chickens in cages as soon

as they hatched and recorded their

activity under constant conditions. As
would be expected, when the chicks

first emerged from their protective

shells, their activity was feeble and

intermittent, but it increased concomit-

antly with their age. By the third day,

a distinct activity rhythm was obvious,

and as they developed further in

strength and vigor, the amplitude of

the rhythm increased correspondingly.

By the seventh day, when observations

were discontinued, a large-amplitude

rhythm, with a periodicity slightly

longer than 25 hours, was present.

Because the embryonic development

of birds is extrauterine (takes place

outside the maternal parent, in the

egg), it is easy to follow the develop-

ment of the chick from the single-

celled stage to the time it hatches. The

initially tiny embryo within the egg

is a living, metabolizing system, and

therefore requires oxygen. This dif-

fuses into the egg through the shell

and is consumed by the growing em-

bryo. Drs. Franklin Barnwell and

Leland Johnson of Northwestern Uni-

versity, also experimenting with chick-

ens, measured the rate at which oxy-

gen moves through the shell and is

consumed, and found that by the sev-

enth day—when the embryo is only %
inch long, and approximately 14 days

before it hatches—a distinct rhythm in

the rate of oxygen consumption is al-

ready present {see diagram, page 52).

This rhythm exists in spite of the eggs

having been kept in constant condi-

tions from the onset of the embryo's

development. Not once were they ex-

posed to a normal day—night cycle.

Activity and oxygen consumption

are only two of many rhythmic proc-

esses in birds. A few other common

rhythms will be mentioned. For exam-

ple, closely associated with activity

rhythms, and especially associated

with the times of peak activity, are

effusions in song. The robin begins to

sing as soon as it awakens. Like most

other birds that are active by day,

it gradually moderates its singing to

a low ebb in the early afternoon.

Toward evening, singing is again re-

sumed, and one last encore emanates

before the sun sets. Hand in hand with

the song cycle, but corresponding di-

rectly with greater activity during the

day, is a rhythm in body temperature,

mimicking the form of the activity

rhythm. The robin, for example, has

an average temperature that slightly

exceeds 106°F., and that varies rhyth-

mically during the day through a

range of about 6°. The avian heartbeat

is very rapid ( in the robin it averages

about 570 beats per minute and ranges

between 520 and 620) and, like other

rhythmic processes, undergoes a reg-

ular daily cycle in the rapidity of its

pulsations. It is interesting to note in

passing that the blood pressure (which

in the robin is 118/80—about the same

as in an adult man) does not change

appreciably with alterations in the rate

of heartbeat. The chicken has more
red blood cells at midnight than at

noon, and the ratio of various kinds

of white blood cells fluctuates in a reg-

ular pattern each day. During the

reproductive season most passerine

birds and many ducks and woodpeck-

ers lay their eggs at 24-hour intervals

until the clutch is completed. There

are other rhythms that could also be

mentioned. However, let us conclude

by discussing one of the most inter-

esting functions of the avian clock

—

its affiliation with celestial navigation.

THROUGH banding and recapturing,

it has been found that birds pos-

sess remarkable powers of navigation,

some being able to migrate hundreds

or thousands of miles to an exact geo-

graphical locality. To cite an example,

careful studies have shown that each

spring 75 per cent of the robins in the

United States return to within a five-

mile radius of their northern home of

the previous year (about the same pre-

cision as our Intercontinental Ballistic

Missiles). This also includes the one-

year-olds, who have never made the

journey before. To obtain such hom-

ing accuracy, an animal must possess

the complex know-how of bicoordinate

navigation. Birds obviously have the

faculty, but this facet of their behavior

is only vaguely understood at present.
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Although seven-day-old embryos have

not been exposed to 24-hour day-night

However, in recent years some insight

has been gained into their ability to

fly in a particular compass direction,

and this, of course, is a first approxi-

mation to the more intricate facets of

bicoordinate navigation.

Dr. Gustave Kramer, the late Ger-

man ornithologist, observed that sev-

eral starlings maintained in an outside

aviary became unusually restless with

the onset of the migratory season : they

cycle, their oxygen consumption rate

is higher in daytime than nighttime.

continually fluttered on their perches

(a sort of flying in place) and oriented

themselves to face in the direction of

their normal migratory route. On
overcast days the restlessness contin-

ued, but now the birds became dis-

oriented and no longer faced only a

preferred direction. Dr. Kramer sur-

mised that they must be using the sun

to orient themselves, and he devised

an ingeniously simple experiment to

test the hypothesis. After establishing

the direction of fluttering, he would
blot out the birds' direct view of the

sun and, with the use of a mirror, re-

flect the image of the sun into the cage

from various other directions. The
birds would quickly realign their bod\

axis according to the new, apparent

position of the sun as reflected from
the mirror, and flutter in that direc-

tion. Surely they were using the posi-

tion of the sun as a guidepost to direct

their abortive migratory attempts.

When caged outside in daylight, a

starling would consistently flutter in

a particular direction (north in the

spring, south in the fall ) and, like the

needle of a compass, "point" in this

preferred direction all through the

day. Meanwhile, the sun, of course,

moved across the sky from east to west.

thus providing a rather elusive point

of reference. This can only mean that

the bird, in order to maintain a con-

stant direction of orientation, had con-

tinually to make allowance for the

sun's changing positions. That is, in

order to sustain a northward orienta-

tion it was necessary for the bird to

keep the sun over its right shoulder in

the morning, directly behind at noon,

and to its left side during the after-

noon hours. Because this difficult task

was done unerringly, it must be as-

Postulating that birds assume a precise angle between the

long axis of their bodies and the sun (shown as 90° in A)
in order to fly in a particular direction, the scientist
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shielded the sun from starlings, as in B, and reflected

its rays in a mirror. The birds then realigned themselves,

proving that they were actually using the sun as guideposts.



sumed that the bird always had a

rather exact notion of the time of day,

permitting it to maintain the proper

angle of orientation in relation to

changing sun positions.

To demonstrate the time-compen-

sated nature of sun orientation, Dr.

Klaus Hoffman, a former colleague of

Kramer, performed the following ex-

periment. After establishing the direc-

tional orientation of a bird under the

natural sky, he subjected it to artificial

days in the laboratory in which "day"

began and ended six hours later than

in the outdoor cycle. After several days

of this treatment he again tested the

bird's orientation in the natural day-

light and found that now the direc-

tion of fluttering was shifted by about

90° clockwise from its former course

(diagram beloiv) . Conversely, birds

restricted to artificial days that started

and ended six hours before the normal

day now chose a direction 90° coun-

terclock'U'ise to the pretreatment pref-

erence. Clearly, the bird's biological

clocks had been reset by a quarter of

a day, and these changes were now re-

flected in the corresponding changes

in the bird's orientation to the sun.

Again, as with so many other avian

processes, the fundamental import-

ance of the clock became manifest.

Without question, the function of the
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DAYS AFTER HATCHING

Activity rhythm of new chicks, even

though held under constant light and

biological clock is paramount in the

normal, everyday life of birds: it con-

trols a whole host of fundamental phys-

iological processes and is a requisite

for spatial orientation. Since many life

processes in other animals, including

man, are also contingent upon their

biological clocks, it is vitally impor-

tant to biologists to discover where in

the organism the clock dwells and how
it functions. Sparsely scattered reports

temperature, becomes distinct by the

third day, more persistent thereafter.

have appeared over the years purport-

ing to have finally discovered the clock

(the reported "clocks" are usually

particular segments of nervous or hor-

monal systems) , but further investiga-

tions have always disproved the claims.

The overt rhythmicity of so many bio-

logical processes establishes its pres-

ence, but after well over two hundred

years of inquiry, its place of residence

and its driving force remain elusive.

To fly due south, a bird would have to maintain an angle

of about 45° to the left of the sun at 9:00 a.m. (A), and
45° to the sun's right at 3:00 P.M. (B). To show that its

biological clock determined its orientation, light cycle

was delayed six hours and the bird tested at 3:00 p.m.

Starling now took up 9:00 a.m. angle (compare C and A).
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Colony of Puya raimondii, near Mina Huinac, is in the

Cordillera Negra, Peru, and contains old and new plants.

Bloomed-out stalks of Puya raimondii stand out against

the sky, above. Younger plants cover lower part of slope.

dants of the Puna
;Bromeliad of the Peruvian highlands lends itself to many uses

AniNTONio Raimondi arrived in Lima,

Peru, from Italy in 1850, about

jtwo months before his twenty-fourth

'birthday. He soon began a long career

of teaching, exploration, and writing.

For more than twenty years he trav-

eled extensively in Peru, penetrating

remote areas and collecting data on the

climate, flora, fauna, geology, and

mineral resources of various regions.

The results of these and other investi-

gations are in a series of works pub-

lished between 1854 and 1886. He
died in 1890 in San Pedro de Lloc,

near Pacasmayo. In present-day Peru

there are streets, schools, and a glacier

named for him.

In the highlands Raimondi observed

a plant some 30 feet tall—growing at

elevations of about 13,000 feet—which

lie named Pourretia gigantea; but this

By Fred D. Ayres

did not accord with the international

rules of botanical nomenclature, and

later the botanist H. Harms substituted

the name Puya raimondii. This plant is

the largest of all bromeliads (plants

that produce aerial root systems) and,

compared with other flora found in its

rocky habitat, it is a veritable giant.

Few travelers in South America

have seen Puya raimondii, and even

fewer have seen it in bloom. It is mod-
erately common in Peru and Bolivia,

but the altitude at which it grows

makes it inconvenient to reach. Near

Mina Huinac, in Peru, about ten miles

south of the high point of the Huaras-

Casma road, the plants are scattered

over half a square mile on the slopes of

an open canyon. A rough count indi-

cated that there were at least 8,000

individuals of all sizes in the group.

The trunk of Puya raimondii bears

at its top a dense rosette of leaves,

which may reach six feet or more in

diameter, depending on the age of the

plant. The leaves, which are three or

four feet long, are four inches wide at

the base. The leaf edges are armed with

brown-colored barbs, three-eighths of

an inch long, spaced at intervals of

two inches. They are needle-sharp and

directed inward, an arrangement that

can be a wicked trap for the unwary.

It has been estimated that Puya rai-

mondii requires over a hundred years

to reach a height of ten feet. Eventu-

ally, at about this height, the plant

sends up from the rosette of leaves a

columnar bloom stalk, which reaches

its maximum height of fifteen to
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twenty feet after about three months.

This gives the plant an over-all height

of approximately thirty feet.

A stalk reaches maturity at the age

of five or six years. When it nears its

full height, densely packed branches,

or spikelets, eight inches long and

shaped like an unhusked ear of corn,

grow outward from it. It is from these

branches that the practically odorless,

greenish-white flowers blossom, a total

of twenty or thirty on each branch. At

any one time, only about a third of this

total is in evidence, for flowering

progresses outward from the base of

the branch, and older flowers wither as

newer ones form. The cigar-shaped col-

umn presents a pattern of these flow-

ered "ears" evenly arranged in mul-

tiple spirals that wind around the

stalk. Hummingbirds are often seen

hovering about the blooms. The seed

capsules are arranged in compact egg-

shaped groups of three, and on an

average the ones I examined had 23

of these groups per branch. The aver-

age number of seeds in a single cap-

sule was 150 {see photograph below) ;

the number of branches on one stalk

about 600 or 700. By taking 650 as a

representative number and multiply-

ing, one obtains six or seven million

as a reasonable estimate of the number

of seeds produced by a single plant.

The chance of any one of these seeds

producing another mature plant must

be less than one in a million.

Once Puya raimondii has bloomed

and produced its prodigious crop of

seeds, it dies. In this particular col-

ony, however, whether or not it dies

naturally is of little importance. The
residents of the region cut down the

plants that have bloomed in order to

utilize the "trunks," or stalks. Sheep-

herders use the stalks for rafters in

small huts as well as for fuel. Resi-

dents of the area also make them into

W^f^-

Flohet, lower left, grows on spikelet,

top, and produces three seed capsules.

Flower of mature plant, right, is of

greenish-white color and has little odor.

Stalk of Puya raimondii is at height

of its bloom; it flowers once and dies.
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roof beams and racks for a variety of

things, including band instruments

and meat. Inventive persons in the

town of Vischongo have hollowed out

sections of the stalk and made drum
bodies and wastepaper baskets from

them. Sawed in sections, they make
light, serviceable stools, and have been

used for seats and benches in schools.

Emma Cerrate, of the Natural History

Museum of Lima, reported that in the

region north of Chiquian some of the

isolated small schools were without

seats for the pupils. This was remedied

by each student carrying his own Puya
stool with him to school in the morn-

ing, and returning with it to his home
in the afternoon.

As the plant grows, the great ball of

SX. fresh leaves at the top is elevated

more and more above ground level.

The older, lower leaves wither and dry,

and are left draped around the trunk.

On most of the Puya in a colony, the

portion of the trunk below the leaf ro-

sette is charcoal black, and for a good

reason—the surface layer is charcoal.

Sometimes the local inhabitants burn

these tinder-dry masses for amuse-

ment. It is possible that some have

been ignited accidentally from fires in

the puna grass, which occasionally

were set in the belief that the succeed-

ing growth would provide better gra-

zing. Most of the larger Puya seem to

survive a fire with no serious damage.

The basal ends of the flat leaves are

packed around the trunk almost as

tightly as cards in an unopened deck,

and by the time the fire dies out, it is

still four or five inches from the trunk

proper; the remaining sheath of leaf

stumps provides good protection. The
lower green leaves of the rosette pro-

tect the crown of the plant during the

ten minutes or so that the fire burns.

Puya raimondii is probably losing

a battle for survival. The small, young

plants—extremely few in number, at

best—are subject to appreciable haz-

ards, at times from grass fires, but

more often from grazing sheep. Also,

their slow rate of growth makes them
vulnerable for an extended time. It is

to be hoped that selected groups can be

given adequate protection. The giants

of the pu?ia are remarkable enough,

and are scarce enough, to deserve it.

Fire, often set deliberately, does not

injure the upper portion of the plant.
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Grazing Mollusks

n The Weeds
Sea hare lore was first recorded by Pliny

By David Linton

Ashell collector, wading in the shal-

lows of a tropical shore, is some-

imes startled to see a purplish cloud

ipreading round his feet. Ihe chances

ire that he has stumbled upon the

larmless but unusual mollusk Aplysia,

he sea hare. This animal's curious

I'ink" is of questionable defense

ralue, hovvever, because the sea hare

jannot dart away under cover of the

;loud, as an octopus can. Therefore,

he ink may actually call attention to

in animal that would otherwise escape

lotice. Once the sea hare is discov-

!red, it is easy to see how it got its

lame: when sitting still it has the

ounded, bunched-up profile of a sit-

ing rabbit, and two earlike tentacles

tick up from the top of its head.

In the past two thousand years the

ea hare has been variously described

IS a fish, worm, holothurian, cuttle-

Hish, or snail. While it may show some

uperficial resemblance to each of

hese groups, the snail is the only one

which it is closely related. It be-

ongs to the order Opisthobranchia,

vhich includes the sea slugs—marine

nails that do not have shells. Both sea

lugs and sea hares have shells in the

arval stage, but while the adult slug

OSes its shell completely, the sea hare

ihell remains vestigial, concealed in-

ide the mantle. Like all opistho-

iranchs, sea hares are hermaphrodit-

c; each individual has both male and
emale reproductive organs and can

'lay either role in fertilization.

Thirty-five species of this animal

re now recognized, and two-thirds of

hem are found in tropical and sub-

ropical waters. Early investigators,

loLORATioN of 868 hares is affected by
he color of weeds on which they feed,

^he green individuals at the left were
holographed off the coast of Florida.

not knowing that three of the species

are circumtropical in distribution,

gave different scientific names to

members of the same species that were

found in different regions. Only one

species has been found north of the

Arctic Circle and none in the Antarc-

tic. Some are less than two inches long,

while one reaches a length of two feet.

Seven species are found on the east

coast of North America, the largest

ones in the warm waters of the West

Indies and the coast of Florida, and

two species have been recorded at

Fishers Island (off Connecticut) and

Rhode Island. The West Coast harbors

some of the larger Aplysia, such as

A. californica Cooper, which attains a

length of fifteen inches.

THE best-known of the sea hares is

Aplysia dactylomela Rang, dis-

tributed around the world in the

tropics. Individuals average about a

foot in length, and range in color from
yellow through green to brown. All are

marked with brown or black rings or

spots, usually with a network of fine

lines between them, and along the

animal's back are two frilled, or fluted,

"fans" that wave in the currents of the

water and undulate gracefully as the

animal grazes on seaweed. The fans,

or parapodia, extend upward from the

animal's sides.

The underside of this animal con-

sists of a single foot, rather like that

of a snail, running the entire length

of the body. The head and neck are

flexible and can be extended to about

half the length of the body. There are

two pairs of tentacles: the anterior

pair extend from the front corners of

the head and function as tactile or-

gans. The posterior pair, or rhino-

phores, look like rabbit ears and serve

an olfactory function. The small eyes

are located at the base of the rhino-

phores. Seen from its own level, a sea

hare grazing through shoulder-high

turtle grass resembles nothing so much
as a fat cow in a meadow. Like a cow,

it raises its head from time to time to

look around, and then moves on with

ponderous deliberation.

Aplysia feed entirely on seaweed,

and are thus confined to the littoral

and sublittoral zones where seaweed

grows. Young Aplysia live among the

red weeds farthest from the shore. As
they mature, they move into the lami-

narian, or brown weed, zone. Once or

twice a year they migrate to the inter-

tidal zone to mate and lay eggs. No
one knows how long they live.

The coloration of Aplysia changes—
apparently through a mechanism that

extracts the color from the weeds on
which the animal feeds. (They are

not, however, capable of changing

color rapidly, as do chameleons or

octopuses.) Thus a young adult may
be reddish, like the red weeds it eats.

As it moves shoreward, it may be-

come brown and then green. One
experiment has shown that West Coast

sea hares of various colors change to a

uniform light tan when fed parsley

leaves and celery tops for one to three

months. This changeable base color is

overlaid by permanent black or brown
pigment that forms the rings or spots

and the dark connecting lines.

When eating, the sea hare grasps a

piece of seaweed in its mouth and
scrapes off a particle with a long,

ribbon-like tongue, the radula, which
is covered with rows of backward-

slanting "teeth." The food is stored in

a gizzard-like crop and masticated

before digestion.

Although Aplysia can swim, they

usually crawl in a slow, snail-like gait.

The front part of the foot is raised

and extended forward as much as half

the length of the animal. Then a wave
of muscular contraction sweeps along

the foot, drawing the animal forward.

Normally, one wave succeeds another

every six to eight seconds.

In the typical gastropod the viscera

are enclosed in a mantle, which is in

turn enclosed by a shell. The genital

glands, digestive tract, and kidney all

discharge into the pallial cavity, a

space between the body and the

mantle. In the adult sea hare, how-
ever, the shell is merely a thin, horny
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plate, with the mantle grown over it.

The ctenidium—the animal's respir-

atory organ, or gill—is attached to the

floor of the pallial cavity, and just in

front of it is a sensory organ, the

osphradium, which regulates the posi-

tion of the ctenidium and "tests" the

water for the amount of oxygen it con-

tains. The purple gland and the opa-

line gland, which is the source of an

irritating secretion in some species,

also open into the pallial cavity.

Acommon genital aperture is lo-

cated on the right side of the

floor of the pallial cavity just under

the forward edge of the overhanging

mantle. Inside, the duct is divided into

two sections—a large hermaphrodite

duct (containing a vaginal duct and

an oviduct) and a small spermatic

duct. The animal's penis is located on

its head at the base of the right ante-

rior tentacle. In copulating, the animal

acting as a male inserts its head be-

tween the parapodia of the animal

acting as a female, and the penis enters

the common genital aperture. At the

same time, the "male" animal can be

acting as a female to another individ-

ual. As many as fifteen sea hares have

been observed coupling thus in a

chain: in a few instances, the two ends

of the chain were joined to form a

ring, in which each animal was acting

both as male and female.

After fertilization the eggs move

along a passage lined with mucous

glands, where they are encapsulated

with a gelatinous substance and strung

together into a long yellow or orange

filament. This filament then passes out

through the oviduct and the common
genital opening. Sometimes it will fol-

low the ciliated spermatic groove,

which runs from the opening to the

penis, and appears to be issuing from

the head of the sea hare, but usually

the egg thread will break free a short

distance from the genital opening.

As the sea hare moves slowly along

the ocean floor, the thread of eggs is

extruded in spurts and becomes en-

tangled in the weeds and rocks. It may
be as long as fifty feet and contain

more than 650,000 eggs. Many of the

eggs are eaten by such predators as

starfish. After eleven or twelve days

those that survive become free-swim-

ming larvae, with an operculum and a

coiled shell like a snail. Many are con-

sumed by hydroids, flatworms, crabs,

small fish, or sea anemones as they

move out into deeper water. Here they
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undergo metamorphosis to the adult

form and begin feeding on the red

weeds. As they mature, they migrate

shoreward, gradually changing color,

until impelled to the intertidal zone

where they couple and spawn.

Sea hares have been looked upon
with awe and surrounded by supersti-

tion from earliest times, perhaps be-

cause the secretions of some species

are foul smelling or irritating to the

skin. Witches were thought to use se

hares in their brews, and as recent

as 1911 an encyclopedia stated th

the secretion of one of the animal

glands "is said to be poisonous."

THE oldest version of this folk ta

was recorded by Pliny in the fir

century A.D.: "Wonderful things ai

related of the sea-hare (Lepus Mar
nus). To some it is poison if given i

Mollusk's shell is a mere horny plate

hidden under the mantle between back

"fans." Two sets of antennae serve

its tactile and olfactory organs, righ

Sea hares graze on seaweed, as above,

storing it in their crop for mastication.

Eccs are laid in long threads, righ

and become larvae in about twelve day
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drink or food, to others if merely

! seen, since pregnant women, if they

ihave but looked at one (the female,

that is, of the species), at once feel

i nausea, show by regurgitation signs

of a disordered stomach, and then

miscarry. The remedy is a male speci-

Imen, specially hardened for this pur-

[pose with salt, to be worn in a bracelet.

In the sea, however, it does not hurt.

I even by touch. . . . Struck by it a

human being smells of fish; this is the

first symptom by which such poison-

ing is detected. Furthermore, the vic-

tims die in the same number of days

as the hare has lived. . . . They say

that in India the sea-hare is never

caught alive: and that inversely man
is there poisonous to the hare; that

even a mere touch of a human finger

in the sea is fatal to it."

Three of the antidotes Pliny men-
tions to counteract the "poison" of the

sea hare are "the flesh of river frogs

... or the broth drunk after boiling

them down" and "the sea-horse taken

in drink." It would be difficult to carry

out his prescription for protection

against miscarriage, however. Since

sea hares are hermaphrodites, there

are no male or female specimens!

The Swedish ecclesiastic Olaus

Magnus gave this fanciful descrip-

tion in the sixteenth century: "The
Sea Hare is found to be of divers

kinds in the ocean, but so soon as he

is caught, only because he is suspected

to be venemous, how like so ever he is

to a Hare, he is let loose again. He hath

four fins behind his head, two whose

motion is all the length of the fish, and

they are long, like to a hare's ears, and

two again, whose motion is from the

back, to the depth of the fishes belly,

wherewith he raiseth up the weight of

his head."

Still another description was given

by Charles Darwin when he visited

the Cape Verde Islands in 1832: "A
large Aplysia is very common. This

sea-slug is about five inches long; and
is of a dirty-yellowish color, veined

with purple. On each side of the lower

surface, or foot, there is a broad mem-
brane, which appears sometimes to act

as a ventilator, in causing a current of

water to flow over the dorsal bran-

chiae, or lungs. It feeds on the delicate

sea-weeds which grow among the

stones in muddy and shallow water;

and I found in its stomach several

small pebbles, as in the gizzard of a

bird. This slug, when disturbed, emits

a very fine purplish-red fluid, which

stains the water for the space of a foot

around. Besides this means of defense,

an acrid secretion, which is spread

over its body, causes a sharp, stinging

sensation, similar to that produced by
the . . . Portuguese man-of-war."

This last description, except per-

haps for Darwin's mention of the

sting's virulence, is in accord with

modern studies on the sea hare. One
of the problems investigators con-

tinue to face, of course, is taxonomic;

there are many differences between

individuals of a species found in sev-

eral locations, and many similarities

among different species. Consequent-

Iv. it is difficult to distinguish them.



PREHISTORIC INDIANS LEFT

EFFIGIES IN CANYON CAVES

by ROBERT C. EULER

Willow

Split-twig artifact is pierced with a

shoot, probably representing a spear.

Stanton's Cave figurine site, to

right in shadows, is in Marble Can'

Smf plit-twig figurines, tiny artifacts

made of willow withes from one to

eight inches long, were first discov-

ered in 1933 in Arizona's Grand Can-

yon near a northern-rim tributary of

the Colorado River. The next year,

fifteen similar figurines were recov-

ered from a cave in Sycamore Canyon,

eighty miles south of Grand Canyon,

and still another find was made in

Marble Canyon in Stanton's Cave,

about thirty miles up the Colorado

from Grand Canyon National Park.

However, none of the early finds en-

gendered more than passing curiosity.

The products—now known to have

been made by prehistoric Indian hun-

ters—were at first thought to be of

recent origin. Most of them had been

found on the surface of cave floors and

were hardly dust covered; some were

still standing erect.

In 1935, S.M. Wheeler, archeologist
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lor the Nevada State Park Commis-

sion, uncovered more twig figurines in

Etna Cave, about one hundred miles

northeast of Las Vegas. He reported

that his specimens were in association

with artifacts of Basket Maker III

origin—dating them between a.d.

500 and 700—as well as with "horse

dung and dart-points of Gypsum Cave

type" of perhaps 10,000 years ago.

But he gave no detailed stratigraphic

data, and the precise cultural and

chronological relationships of the

Etna Cave figurines remained obscure.

Although figurines were then dis-

covered in Stanton's Cave in 1939,

widespread interest in them was not

manifest until 1954, when two spele-

ologists came upon three additional

sites in Grand Canyon. Still no

definite cultural correlations were

found, but a detailed analysis of the

technique of manufacturing the fig-

urines was undertaken, and four year

later a study of all known figurin

finds was published. This report, un

der the senior authorship of Di

Douglas Schwartz, an archeologist

the University of Kentucky, sumi

marized the early finds and discussetl

at some length the 1954 discoveries iri

Grand Canyon. Other figurines founc

near Barstow, California, in 195(;

were also mentioned. Schwartz ga.\

complete description of figurine con

struction techniques and their variai

tions and presented the first radiocari

bon dates for the artifacts. One specil

men, processed at the University 0:

Michigan, yielded an age of 1580 B.c

± 300. Another, submitted to the Uni

.

versity of Arizona for testing, was;

dated 1150 B.C. ± 110. In view oi

these surprisingly early dates and the!

fact that many of the specimens

seemed to have been ritually pierced

by tiny wooden spears, Schwartz sug

gested that "they may have been par(

of the widespread Desert Culture" (a

hypothesis that is now supported) and

were magico-religious in function. Th^

Desert Culture was a way of life fol

lowed by many prehistoric Indians oi

the western desert who lived in areas

from the Columbia River drainage in

the north, through the Great Basin oi

Nevada and Utah, and south into
|

western Mexico. The age of this cul-

ture, based largely upon radiocarbon

dates, is from 7000-6000 to 2000 B.C.,

and somewhat later in some places. It,



Figurines from Arizona

IS been characterized by cave or

ick shelter habitations, hunting and
ithering of wild foodstuffs, and man-
''acture of small projectile points, flat

illing stones, and twined basketry, to

it but a few major attributes.

the announcement of radiocarbon

lies and Schwartz' hypothesis as to

e cultural affinities of the well-pre-

1 \ ed effigies were greeted with mild

credulity by some archeologists.

•'ating organic material by counting

e rate of disintegration of its origi-

il radioactive carbon content still

ft room for error. In addition,

bile the Desert Culture manifesta-

)ns were known in the southwestern

nited States, they had not, as yet,

en definitely associated in what ap-

ared to be the heartland of the fig-

ine complex, the Grand Canyon.

More important, perhaps, was that

the figurines had never been contextu-

ally found in excavated cave sites

known definitely to have been occu-

pied by Desert Culture peoples.

So alternative ideas were proposed

—or supposed. Perhaps the figurines

had been made by more recent, his-

toric, Indian inhabitants of Grand
Canyon. The Walapai and Havasupai

,

were known to have occupied the

south rim for some centuries before

the opening of the historic period, and

the Southern Paiute had a similar lo-

cation on the north rim. Earlier, be-

ginning perhaps as early as a.d. 700,

small groups of prehistoric Pueblo In-

dians had infiltrated the recesses of

the canyons in search of game or wild

plants and to raise small crops of corn,

beans, and squash. Dozens of sites,

characterized by small masonry pueb-

los and cliff dwellings, were occupied

in the eleventh and twelfth centuries.

These Indians farmed alluvial plots

along the river or in tributary can-

yons, and hunted in what to us seem

almost inaccessible locations. In later

centuries, the Hopi Indians sometimes

ventured into the Grand Canyon in

their quest for salt.

However, all search of archeologi-

cal and ethnological literature proved

futile in effecting associations between

any of these peoples and the figurines.

By 1963 additional discoveries had
not been made, and the radiocarbon

dates were not, in themselves, com-

pletely accepted. Archeologists still

were unable to demonstrate indisput-

able relationships of the effigies with

any known cultural manifestation,

early or late, prehistoric or historic,

and the only empirical knowledge

about them was how the artifacts had
been made, and perhaps why.
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The technique of manufacture was

relatively simple (^ee diagram, below).

A green willow twig first was cut to

a length of two to four feet, split along

most of its length, and the unsplit

lower portion was bent to form the

hind leg and back. One segment of the

split branch was then bent down and

up to form the front leg. The end of

this same piece was again bent and

positioned to make the neck. Then the

upper split segment was wrapped

around front and rear legs to con-

struct the animal's body. Following

this, the neck splint was angled to

form the nose, after which it was bent

back toward the neck, wrapped over

the nose to complete the head, and

then down along the neck to be

wrapped under the body behind the

front legs. This thickened the neck

and provided stability for the body.

The remainder of this segment then

came back over the head to end in a

spiral wrapping around the neck, and

the end was tucked into the base of

the neck to complete the figure. While

this seems to be a most ingenious, if

not complicated, manufacture, with a

little practice one can produce a figur-

ine in five or ten minutes.

V^onsiderable variation has been re-

corded in the size of the figurines.

Some are only one inch long, while

others range up to eight inches. The

size of the completed effigy and the

number of body wraps are entirely a

function of the length of the willow

shoot selected. A few specimens have

what seem to be hornlike appendages

on the head, and on an occasional fig-

ure an additional grass body wrapping

has been noted. Frequently the bodies

are pierced with unsplit twigs, prob-

ably representing miniature spears.

It was the spears that gave rise to the

g"".'„''^

f?^—.. ^111

Green twig was first cut to length of

two to four feet (a), then split (b)

and bent into the form of an animal

64

c^4r.eU^

by means of steps c to h. Some were

given hornlike appendages, as one at

right; others were wrapped in grass.

suggestion that the figures were us<'

in religious rites of imitative magi

One can visualize a small group of pr

historic hunters, before taking to tl

trail in search of game, gatherii

some green willow withes and going
\

an isolated, uninhabited cave to mal

effigies of the animals they sougl

(perhaps deer or mountain sheep

and symbolically piercing them wil

spears. They then placed the tiny ar

mals in caches under large rocks or

crevices in the cave floor (the plac*

where they have usually been found

During the past several years,

^



)iave carried on a search for additional

! lata on the split-twig figurines as part

if a broader archeological and ethno-

ogical study of the Grand Canyon and

its environs, in an attempt to recon-

duct as much as possible of the cul-

ural history of the area. During these

xplorations, I looked for additional

plit-twig figurine sites, but found

one until the summer of 1963. Then,

xploring in a small helicopter with

)r. Alan Olson of the University of

)enver and the pilot, Frank Garvin,

revisited and made a more intensive

xamination of Stanton's Cave. This

huge limestone grotto, extending more
than four hundred feet into the wall

of the inner gorge of Marble Canyon,

is today occupied primarily by bats.

The entrance to the cave is about one

hundred feet above the river, and near

it a large spring of cold, fresh water

gushes from a cleft in the cliff. This

is Vasey's Paradise, named in 1869

by the one-armed, Civil War Major

John Wesley Powell, one of Grand
Canyon's first explorers, in honor of

a botanist who had accompanied

him on an earlier trip through the

Colorado Rockies. A tiny masonry

Figurines predate these nearby pueblo

structures by more than 4,000 years.

Most sites where figurines ivere found

are near Colorado River tributaries.

ruin is also in the vicinity, marked by
broken pottery of the Southern Paiute.

Just upstream on a narrow bench there

are several prehistoric pueblo struc-

tures, including a small cliff dwell-

ing that must have been occupied

around a.d. 1100-1150. In Stanton's

Cave itself, however, we found no

sign of human utilization except for

caches of split-twig figurines hidden

from view under tremendous rocks

that had once fallen from the cave

roof. We found three such caches, and

before removing the effigies carefully

sealed them in polyethylene bags to

Effigies, often hardly dust covered,

were discovered on the floors of caves.

W^ell-made figure measures five inches

long. Size depends on length of twig.

65



protect them from accidental con-

tamination by airborne radioactivity.

In all, ten complete and ten fragmen-

tary specimens were found, together

with bundles of split twigs.

In an effort to ascertain the accu-

racy of the dates obtained by Dr.

Schwartz, I submitted one of these

figurines to the radiocarbon dating

laboratory at the University of Cali-

fornia at Los Angeles. Some arche-

ologists had suspected that his dates

were too early, because the figurines

might have been contaminated by

older carbonates emanating from the

limestone of the caves in which they

had been found. However, the labora-

tory subjected this figurine to a dilute

hydrochloric acid rinse to remove any

such impurity before dating. After a

carefully controlled procedure, the

California laboratory announced an

age of 2145 B.C. d= 100, the earliest

date yet recorded.

Meanwhile, Dr. Olson was conduct-

ing independent archeological excava-

tions for the Museum of Northern Ari-

zona in a small limestone rock shelter

near "Walnut Canyon National Monu-
ment, a few miles east of Flagstaff,

Arizona. There he discovered eight ad-

ditional figurines and twenty-three

fragments. However, despite carefully

controlled excavation techniques, the

depth of the rock shelter deposit was

too shallow to permit any valid obser-

vations as to the cultural associations

of the artifacts. Two of the figurines

from this site also were radiocarbon

dated, one with a resultant date of

1550 B.C. ± 100, and the other deter-

mined to be 1930 B.C. ±: 90. Thus,

these three new dates generally con-

firm earlier determinations and dem-

onstrate that the earliest known human
utilization of Grand Canyon and Wal-

nut Canyon was in the range of 3,000

to 4,000 years ago—some 2,000 years

earlier than was thought previously.

At present, nothing has been dis-

covered that would definitely indicate

the cultural affinities of the figurine

makers. Since people normally do not

live in places that are used ritualisti-

cally, such associations may never be

forthcoming. However, with such an

early range of radiocarbon dates, t

historic Walapai, Havasupai, ai

Paiute can be eliminated, as can tl

prehistoric Pueblo Indians, who
cultures were not extant that long ag

The dates do, however, fall within tl

known chronological span of sever

Desert Culture components (as D
Schwartz indicated in his 1958

port), and further investigations hai

turned in this hypothetical direction.

^coincidental to these investig

tions, what may prove to be a signii

cant link in the story of early man
northern Arizona was discovered

the early spring of 1964. On the sun

mit and slopes of Red Butte, a prom
nent, lava-capped sandstone promoi

tory a few miles south of Grand Cai

yon, archeologists found projecti

points and other stone tools of an earl

type ascribable to the Pinto Comple
This was a Desert Culture componei
first recognized in Pinto Basin, ne<

Newberry Cave in California's Moj av

Desert, and since reported from a nun
ber of widely separated localities

the western desert. The most diagnoi

tic artifact type of the semi-nomadi

hunting-and-gathering Pinto Cultur

is the small, indented, base projecti

point, and while collections of thei

tools from the western desert ha\

never been thoroughly studied nor

controvertibly dated, it would appe

that an age of 3,000 to 4,000 years ag

would not be out of order.

It must be emphasized that split

twig figurines have not been foun(

anywhere in direct association witl

Pinto materials. But because of th

presence of Pinto sites near caves con

taining figurines (such as those ii

Grand Canyon and in Newberry Cav(

in California) and because of th

probability that the Pinto cultura

time range spans the dates of the fig

urines, it is conceivable that som<

Pinto hunters may have been respon

sible for their manufacture. This con

elusion is, however, but a workin

archeological hypothesis to be testec

in future field investigations. Th
Grand Canyon figurine complex i

only one of many problems of humai

culture-history, the solutions to whicl

may never completely be ascertained

StanloTts Cave opening, photographed

from helicopter, is one hundred feet
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above Colorado River. Cave extends

four hundred feet into wall of gorge.

This part of Marble Canyon is 30 m
from Grand Canyon National Pi
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WRTRAITSIIN SCIENCE

Renaissance botanist
IBy Trevor Robinson

AT
the time of Linnaeus (1707-1778),

^
botany was already recognizable as a

icience. Indeed, it had been a science for

I longer period before his time than it

las been from Linnaeus to the present.

Books have been written about what

icience is or is not; but if its definition

ests largely on the accumulation and or-

ganization of observations of nature that

ire studied for their own intrinsic in-

erest, then to a few people botany be-

lame a science about the year 1500.

Thus, the enormously important contri-

mtions made by Linnaeus rested on 250

ears of patient and inspired observa-

ions, insights, and systems.

There are frequent misconceptions

••bout these early years of botanical study

luring which science gradually disen-

angled itself from folklore and empiri-

tal knowledge. The disentanglement is

ly no means complete even today. The
iiroportion of science to myth seems to

lave increased over the years, but we
end to assume that today all is science,

vhereas all was myth or ignorance a

ew hundred years ago. It is, therefore,

exciting to discover that centuries ago

here were observers and systematizers

Those insights we can still admire.

In botany, specifically, binomial no-

"nenclature and the understanding of

' )lant relationships were at least partially

ppreciated.more than two hundredyears

^

)efore Linnaeus, by Valerius Cordus, the

[jiotanical genius of the Renaissance.

Cordus would not have spoken of genera

md species the way we do, but his

nomenclature has a modern ring to it.

n arranging plants for discussion he

iften grouped together species that we
low know are related, although previ-

lusly they had never been so recognized.

I The Renaissance means different things

o different people; in a sense there

vas not a single Renaissance, but

everal that flowered in different parts of

Europe at different times and empha-
|ized different aspects of culture. One

tisually thinks first of the artistic and
iterary renaissance in Italy, but fully as

pxciting was the scientific renaissance

'hat also spread across Europe : Aristotle,

ialen, Ptolemy, and many others were

tudied and questioned from a scientific,

ather than from a purely literary or

|)hilosophical, point of view. All of the

ciences had their private little renais-

ances to which more or less precise

iates can be attached. For the rebirths

if anatomy and astronomy we think of

he De humani corporis fabrica of

'esalius and the De revolutionibus or-

biuTTi coelestium of Copernicus, both

published in 1543. Botany, too, had its

rebirth at nearly the same time.

All through the Middle Ages, the

name of Dioscorides was synonymous
with botany. Dioscorides, who lived in

the second half of the first century, about

one hundred years before Galen, was
also a physician, but his interest ex-

tended to materia medica rather than to

anatomy. A majority of early medicines

were made from plants, and it was
necessary for him to prepare accurate

descriptions so that plants could be

identified and used by practitioners. The
Materia Medica of Dioscorides, then, was
the standard book on botany for some-

thing like fourteen hundred years. To
study plants meant to study Dioscorides,

and when the botanical renaissance be-

gan—in central Germany— it began only

as a revival of interest in Dioscorides, in

an attempt to apply his descriptions of

Mediterranean flora to the vegetation of

northern Europe.

Sixteenth-Century Herbals

THE illustrated herbal of Otto Brun-

fels, published in 1536, was the first

really important attempt in this direc-

tion. It stressed the medical uses of

plants and was primarily a compilation

from ancient authorities, although its

Valerius Cordus

beautiful and accurate woodcuts were a

valuable innovation. The second of the

important German herbals appeared
three years later and was based more on

original observations. Its author, Jerome

Bock, gave full and accurate descriptions

of many native plants that he had ob-

served. Then in 1542 De historia stirpium

of Leonhard Fuchs appeared, consisting

of two volumes with superb plates.
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Finally the youngest of the great her-

balists arrived on the scene—Valerius

Cordus of Simesusa, in Hesse. His father

was Euricius Cordus, a physician, nat-

uralist, poet, and respected independent

scholar who had published a short book

called the Botanologicon, which, per-

haps, pointed the way for his son's de-

velopment. The book was a discussion

of the identification of native German
plants mentioned by Dioscorides, and to

Euricius belongs the honor of first point-

ing out previous identification errors.

Valerius was born on February 18.

1515. He attended the best schools of

Germany, including the University of

Marburg, where his father was professor

of medicine, and when he was about nine-

teen he spent some time in Leipzig with

his maternal uncle, the pharmacist Jo-

hannes Ralla. During this year or so

devoted to learning pharmacy with Ralla

(about 1534j , he prepared his first book.

His uncle had asked him, perhaps only

as an educational exercise, to assemble

and comment on selected pharmaceutical

preparations. The result was so impres-

sive that Ralla later showed it to his

professional acquaintances, and on the

advice of Caspar Pfruend, the leading

pharmacist of Wittenberg, the book was

presented to the Senate of Nuremberg.

In 1543, ten years after Cordus had pre-

pared it, this body gave it official recog-

nition and prescribed its use by all the

pharmacists of the city. Other similar

collections were in existence, but none

was given such governmental sanction.

Pharmaceutical Ingredients

The Cordus Dispensatorium followed

the guiding pharmaceutical principle

of the times: "If one drug is good, twenty

will be twenty times better." Fifty or

sixty ingredients in a preparation were

not unusual, including almonds, mace,

ginger, licorice, fennel, myrrh, pepper,

pyrethrum, musk, and red coral. Such

conglomerations were recommended for

curing dizziness, clearing the eyes,

cleansing the palate, relieving toothaches

and asthma, allaying weakness and pain

of the stomach and liver, restraining ma-

larial fevers, and acting as preventives

for many diseases.

Cordus, of course, was acting as a

compiler rather than as an inventor. His

virtue lay in the intelligent discussions of

the individual plants. For example, fol-

lowing a recipe calling for cassia fistula,

he commented that true cassia was a

black kernel that purges bile, while the

species referred to was an aromatic,

woody plant similar to cinnamon. This

particular problem is still with us; today

the name cassia is being used for these

two entirely different kinds of plants.

Meanwhile, under the guidance of his

uncle, Cordus soon learned the extrac-

tion and distillation procedures required

to compound drugs. In a short mono-

graph attributed to him, On Artificial^

Extractions, several such processes are

described, including the manufacture of

sulphuric acid. The most interesting thing

about this work is that it contains the

first published directions for preparing

ethyl ether. Ether may have been known
somewhat earlier by Paracelsus, but it

was Cordus who first described its prep-

aration. The product itself, which he

called "sweet oil of vitriol," was a long

way from being pure ether, but ether was
certainly a component. Whatever its

merits, the mixture continued to be used

as an anodyne and tranquilizer under

many names. In fact, as "Compound
Ether Spirit," it appeared in the 1950

edition of the Dispensatory of the United

States of America. This is a long history

for any drug, and perhaps it entitles

Cordus to recognition as the first person

to synthesize a tranquilizer.

In about 1538 Cordus left Leipzig to

go to the University of Wittenberg-
Martin Luther's university and the intel-

lectual center of the Reformation. Pecu-

liarly, all the German herbalists of the

time seemed to be ardent espousers of the
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reformed faith, and Cordus was no ex-

eption. At Wittenberg, Philipp Mel-

Qchthon, leading theologian of the Re-

ormation, was one of Cordus' professors,

[e taught Greek, and among the texts

e expounded was a book on poisons

nd antidotes written in verse by Nican-

er of Colophon. Melanchthon's interest

'ould naturally have been literary,

ather than scientific, but nevertheless it

'as like hearing a modern professor of

terature discussing the United States

'harmacopoeia in his classes. This dem-

nstrates only that the revived attention

:> the ancient sciences began as a liter-

ry, humanistic interest, and was trans-

mted into science only by the work of

len like Cordus.

Cordus finished his studies and at the

ame time prepared his Annotations on

Hoscorides, which was not published

,ntil after his death. Every medical

chool of the time had lectures on the

Materia Medica of Dioscorides, and for

hree terms at Wittenberg these lectures

/ere delivered by Cordus. To the usual

iterary and pedantic discussion, how-
ver, he added his own observations on

iving plants, and like his father, he

urther exposed the error of expecting to

ind in Germany all the southern plants

[escribed by Dioscorides. Of a plant

')ioscorides called Ruscus, he wrote:

"When a certain person described to

me a place in Germany where Ruscus
grew copiously, I set out for there so that

I might see the living plant. I did not

find Ruscus at all but another herb with

very soft leaves like grass, whose shape

could not differ more from the leaves of

Ruscus, although the roots are similar."

His recognition of the need for accu-

rate plant descriptions is reflected in his

wryly amusing comment regarding the

Maruin of Dioscorides:

"Marum was an herb formerly known
to everyone. Therefore its form was not

described. Today, as a result, it is not

known to anyone."

Evidently Cordus later discovered

Marum. while on a journey to Italy, and
he then described it as a plant intermedi-

ate in form between those we now know
as marjoram and oregano.

Annotations deals not only with higher

plants but with many other materials

used in medicine. It discusses lichens,

observing that their peculiar reproduc-

tive structures are not analogous to the

flowers, stems, or seeds of other plants.

It also includes animal products such as

ivory, eggs, butter, and various dried in-

sects. Mineral products, such as bitu-

men, naphtha, metals, and amber, are de-

scribed at some length, even though they

were less important for medicinal pur-

poses than for use in the mechanic arts.

Like all of his other writings, except

the Dispensatorium, these annotations

were not published in his lifetime. In

fact, we owe their survival to a notebook

kept by one of his students, Johannes

Aurifaber, private secretary to Martin

Luther. His transcription of the Cordus

lectures on Dioscorides came to the hand

of Konrad von Gesner, the great Swiss

bibliographer, who published it along

with other works of Cordus in 1561.

Botanical Field Trips

FRIENDS of Valerius left admiring de-

scriptions of him, telling of the en-

thusiastic exertions he made in search of

knowledge. With Wittenberg as his base,

he sometimes undertook laborious pil-

grimages throughout Germany and

neighboring regions to find a single

plant. As one friend wrote: "He entered

bristling wooded mountains, conquered

the highest peaks, and thrust himself into

the deepest caverns. With the greatest

diligence he investigated what things

were produced in these places, hitherto

observed by very few people."

Cordus was an early enthusiast of the

botanical field trip, and frequently took

students with him on his expeditions. In

1541, Pierre Belon, a young French

naturalist, and other students made a
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four-month trip with Cordus through

Saxony, Pomerania, and Bohemia, where

they collected botanical specimens and
also visited mines—including the most

famous of the time in Joachimsthal, Bo-

hemia. Here Georg Agricola, the great-

est mining authority of his day, and

Cordus became fast friends and collab-

orators. Both men, although trained as

physicians, were interested in all of na-

ture. Cordus, primarily a botanist, wrote

intelligently on minerals, and Agricola,

known for his work in mining, collected

and thought about plants.

The greatest book prepared by Cordus
during his short career was the five-part

Historia Stirpium. Here he was tied to no

classical models. He looked at plants

with a fresh eye and described them in

an orderly, accurate fashion so that four

hundred years later there is seldom any

question about what plants he meant.

Nearly all of them have been conclu-

sively identified by the British botanist

T. A. Sprague. Of the approximately five

hundred plants included, over 10 per

cent had never before been described in

any herbal.

As an example of the detailed clarity

in his work, consider his treatment of

Indian corn, a recent import to Europe.

Cordus. like his contemporaries, was con-

fused as to the origin of this plant, which

was thought by many to have been a

native of Turkey, hence the adjective

"Bactrian."

"Bactrian or Indian wheat is a summer
grain. It has a stalk 4% feet high, as

thick as a finger, jointed, solid, and filled

with a spongy pith. Its leaves are for the

most part more than a foot long, three or

four inches broad, full of veins and simi-

lar to those of reeds. At the apex of the

stalk it bears heads nine inches long,

usually slender and loose, similar to the

heads of olyra [rye] and flowering in the

same way. The heads, sometimes 15, 20,

or 30 of them, dry up after the blossoms

are shed and produce no seed. The ears

which really produce fruit come out

lower down, from the joints of the stalk,

sometimes three or four of them but only

one to each joint. These are nine or more
inches long, thick enough to fill the hand,

and covered with many leafy husks which

are rolled up so very tightly that no water

can get through to spoil the ears. When
the ears reach the proper size, they pro-

duce instead of flowers numerous long,

shiny hairs, as it were, which hang over

from the narrow tip and are attached in-

dividually to the seeds. When the husk

has been drawn back and the seeds have

dried, they are seen to be the size of

large peas, without glumes or awns, ex-

tended longitudinally in eight or ten

rows. They encircle on all sides a sponjn

pith and are so tightly pressed togetlr

that they are squeezed into an angu r

shape. . . . They have a saffron or gd
color, and a peculiar variety occurs w i

reddish or blackish grains.

"The plant bears many oblique, -

brous roots to which are also added s-(

eral props which come out on all sic

from the lowest joints and are sent do
into the earth so that the stalk is si

ported when blown by the wind. . . .

seeds have a taste that is milder a

sweeter than other grains."

Modern Taxonomy Foreshadowe

THROUGHOUT the book Cordus
scribed the form of a plant and a

recorded something about its life histc

and ecology. His extremely careful

servations and descriptions of types

flowers perhaps led him to a foreshado

ing of modern taxonomy based on flo:

structure. Although he kept the ancie

broad division of all specimens ii

woody plants and herbs, there is go
reason to think that he perceived re

tionships that had not been noticed 1

fore. Thus, he placed the lupines and t

licorice plant with the legumes, where
the ancients had placed only edible bea
and peas in that category. In some j

spects he went too far in his reliance

flowers, however, placing together plai

that are now considered unrelated.

Cordus did not provide illustratio

for the Historia Stirpium, perhaps 1

cause he did not get around to assei

bling them, or perhaps because he co

sidered them unnecessary in light of 1

detailed verbal descriptions. When t^

book was published posthumously, ho

ever, von Gesner added illustrations 1

had selected (sometimes incorrectly

from several other German herbals.

At the age of twenty-eight Cordus a

parently believed that it was time for hi

to explore fields other than the Germi

flora. It was natural that a botanist wl

had mastered the work of Dioscoridi

and other botanical writers of the Mec
terranean regions should wish to see wit

his own eyes the plants they had d

scribed. In addition, many dried pla:

parts were imported into Germany fro:

the south for pharmaceutical purpose

and Cordus wished to see the livir

plants from which these leaves, fruit

and roots came. In the fall of 1543, I

and several companions set out for Ital

They stopped at the University of Padu.

the University of Ferrara. and the Un
versity of Bologna, where Luca Ghin

the most renowned botanist of the tim'

was professor. From Bologna they traffl

eled toward Siena, making many sid

trips into the countryside in search (

plants described by Pliny and other ai

cient authors. Hieronymus Schreiber,

friend of Cordus', described how thes

northerners "tramped through arduot
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I iiitains, along the seashore, and in

er places most exposed to the sun."

Attack of Fever

NE evening, however, after arriving

at an inn, Cordus became ill. His

•lids attributed his fever to a horse's

k, but it was probably abetted by his

nuous work in the Italian heat and,

haps, bad food at the inn. They finally

ried him to Rome, where they had

dly found lodgings before they, too,

e attacked by the fever. Schreiber ar-

id in Rome to find all three of his

;ikIs desperately ill. He was received

h great relief by the sick men, and

dus, who was most gravely ill, weak-

d himself still more by telling about

ourney, the rare plants they had

lid, and the city of Rome.

Men so, Cordus did improve slowly

about two weeks, and his companions

overed completely. In fact they con-

iplated making a journey to Naples.

ey debated about leaving Cordus, but

medical care provided for him

imed sufficient — two Italian doctors

I no fewer than five German ones,

rely Valerius could not have been left

'better hands, and so his friends de-

led for the south.

Dn the day after they left, however,

lerius suffered such a grave relapse

t his doctors immediately despaired

1 wanted him to confess and take the

man Catholic form of Communion—
ich he refused. One of the Germans
ated a German priest, but even he re-

ed to administer the rite in the Re-

ed manner. Valerius reaffirmed that

would do without it altogether. The
urch authorities threatened that his

iy would be hurled into the Tiber if he

I not receive proper Communion, but

doctors concealed this danger from

rdus. He was sinking rapidly, and
en he became unconscious, they called

another priest who administered ex-

nie unction. Only by this concession

lid a tomb be procured for him.

Finally," wrote Schreiber, "four hours

er sunset on September 25th [1544]

er two or three strong breaths he ex-

ed in their hands to the great sorrow

i grief of all." He was 29 years old.

(
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son work camp. Quaker leadership.

FAMILY CANOE TRIPS
PLANNED AND OUTFITTED

Write: GEORGE N. DARROW
780 Millbrook Lane

Haverford, Penna. 19041

Phone: greo code 215 Ml 2-8216

'<0
JEWELRY CRAfJS CATALOG

FREE
Lapidary — r.ockhounding — jewelry making,
add up to a fascinating creative art!

GET CRAFTS BIGGEST CATALOG

World's largest selection - over 10,000 items
offered. ..imports from all parts of the world.

STONES—JEWELRY MATERIALS

MOUNTINGS— BOOKS— CRAFT TOOLS
MACHINERY— SUPPLIES- ETC.

SEND FOR FREE CATALOG "

-XOepl. 32
GRIEGER'S, INC.
-1633 E. Walnut— Paiadeno, Calif. X*^

BEECH CLIFF ?^[|?s"
HiRh Advenlure in heart of MAINE'S CANOE
COUNTRY. Small groups—Boys ages 14-17. Base
(-aiiip MT. DKSERT. MAINE iir. Bar Harljor. Slim-
ulating & Action-filled trips—lakes, rivers, Allagash,
St. John {white water) inc. instruction in Swim..
Survival, Nat. Sciences, Archaeology, photog. 8
wk. camp— 6',^ wk. tripping. Exp. Leadership—13th
Season. Write: C. A. Pulrs, 6 Old MarlDoro Rd.
Concord, Mass.

Suggested
Additional Reading
VOLCANOES TELL SECRETS

IN HAWAII
How Volcanoes Grow. J. P. Eaton and

K. J. Murata. Science, Vol. 132, No.

3432, pages 925-938. 1960.

Igneous and Metamorphic Petrology.
F. J. Turner and J. Verhoogen. Mc-
Graw-Hill, N.Y., 1960.

The 1961 Eruption of Kilauea Vol-
cano. Hawah. D. H. Richter, W. V.

Ault, J. P. Eaton, and J. G. Moore.

U.S. Geological Survey Professional

Paper 474-D, 1964.

STERILE FLIES
USED TO COMBAT DACUS

Atomic Energy to Control Insects.

L. D. Christenson. 1962 Yearbook of

Agriculture, U.S. Dept. of Agriculture,

Yearbook Separate No. 3186.

A New Era in Pest Control: The
Sterility Principle. E. F. Knipling.

Agricultural Science Review, U.S.

Dept. of Agriculture. Fall 1963.

Sterile-Male Method of Population
Control. E. F. Knipling. Science, Oc-

tober 9. 1959, pages 902-904.

LOCOMOTION WITHOUT LIMBS
How Animals Move. J. Gray. Univer-

sity Press. Cambridge, 1953.

Terrestrial Locomotion Without
Limbs. C. Gans. American Zoologist,

Vol. 4, No. 2. pages 167-182, 1962.

HOW A BIRD
TELLS THE TIME OF DAY

Circadian Clocks. J. Aschofl. North-

Holland Publishing Co., Amsterdam,
1965.

The Physiological Clock. E. Bunning.

Springer-Verlag, Berlin, 1964.

The Physiology of Diurnal Rhythms.
J. E. Harker. University Press, Cam-
bridge, 1964.

GIANTS OF THE PUNA
PuYA. The Pineapple's Andean An-

cestor. M. B. Foster. National Geo-

graphic, Vol. 98, October, 1950, pages

463-480.

GRAZING MOLLUSKS
IN THE WEEDS

The Lower Animals. R. Buchsbaum
and L. J. Milne. Doubleday & Co.,

Inc., Garden City, 1962.

WILLOW FIGURINES
FROM ARIZONA

Split-Twig Figurines in the Grand
Canyon. D. W. Schwartz and others.

American Antiquity, Vol. 23, pages

264-274, 1958.

The Desert West. Chapter by J. D. Jen-

nings in Prehistoric Man in the
New World, edited by J. D. Jennings

and E. Norbeck. University of Chicago

Press, 1964.

A PURPLE MARTIN WILL EA!
2000 MOSQUITOS EACH DA'S

Now is

time to e:t

m a r t r

h o u s ijj

Scout b
start tl

search
March, j,

Get rid of insect pests without poison inse
cides. Martins are friendly, frolicsome, \
clean birds. They will keep your summer c;

doors comfortable. Trio-Musselman houses
scientifically designed by a famous naturalis
attract Martins, are all aluminum with bakec
white and green enamel finish. No rust. '

never have to paint. They are light in wei
and easy to install.

12-BIRD HOUSE (lllus.) $29.95'
12-Bird House Kit 24 951^
18-Bird House Kit 37.95]
14' Telescoping Mount 13.95]J

All Prices Postpaid I

ORDER DfRECT BY MAIL i

MEREDITH SEPARATOR CO
26 Barbette St. - Clevland, Mo. (Missoi

Zip Code 64734
PHONE: aj6 444 538S

BOOKS
Natviral History and Re-

lated Subjects. New, used,

out-of-print and rare. Cata-

log 25<f, refunded on initial

order. Price lists on Angling

and Hunting books in-

cluded if requested.

Write to

:

MORRIS HELLER
Box 46, R 1, Swan Lake

New York 12783

J^'/i

\ 1-1. E«B.)„
if-.-t 138*



KEEP PACE WITH SPACE AGE! SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

ffor FUN, STUDY or PROFIT
r[ 'FISH' WITH A WAR SURPLUS

)|
GIANT MAGNET

1^;
Bring Up Under-Water Treasures *^

< Real fun I ProQtable. tool Slmpl; trail thlt
powerful 5 lb. Magiiel out llie stem of

' your boat—reirlere ouiboard motors, flshlDg
tackle, anchors, otiier metal valuables.
Ainlco V-Tyoe Magnet has terrific UftlDg

'' power— 20110 Gauss ratijig— lifts over 150 lbs. on land

—

more under water. Many industrial uses, too; recover tools

and pans from inaccessible spots, hold work in place, rid
plinp floors of nirinl fracmcnis, pins. eLc.

Stock No. 70.571-E 5-lb. Maonet $12.50 Pstpd.

Slock No. 70.570-E S'/s-lb. Lifts 40 lb $ S.75 Pstpd.

Stock No. 85.152-E 15%-lb. Magnet $33.60 FOB

BE READY FOR THE MOON SHOTS
Hanger, Surveyor, Lunar Orbiter unmanned space probes
"ill Blied exciting new liglit on tlie mystery of the moon
and outer space. See tlie results ciose-up. Edmund low-cost,

top-qiiality enuipment and accessories put you right there
—proride valualjle and complete information to keep you
on target.

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE

Photographers! Adapt your camera to this Scope for ex-

cellent Telephoto shots and fascinating photos of moon!

fiO !o

CRYSTAL GROWING KIT

Do a Crystallography project illus-

trated with large beautiful crystals

>ou grow yourself. Kit includes the

bool; "Crystals and Crystal Growing"
and a generous supply of the chemi-

' cals yuu need to grow large display

crystals of potassium aluminum sul

fate (clear), potassium sulfate (purple), potassium sodium
tartrate (clear), nicUel sulfate hexahydrate (blue green) or

heptahydrate (greeni, potassium ferricyanide (red), and
ropper acetate (blue green).
Stock No. 70,336-E $9.50 Postpaid

Precision Marine Time Piece

SHIP'S BELL CLOCK
Faithful Time Afloat or Ashore

Handsome metal case in either brass or

chrome. Highly corrosion resistant for use

on shipboard or home. Finely made, un-
usually high quality. 8-day clock has

familiar 1 to 12 dial—also marked with 24 hour system of

timekeeping and traditional watch periods from Evening
{iir First) Watch through Second Dog Watch. Chimes nau-
tical half-hour intervals from 1 to S bells (can be turned
iitli. ThtTmoiiu>tt.'r at bottom of dial. Wt. 6 lbs.

Stock No. 70,781-E Brass $60.00 Ppd.
Stock No. 70,782-E Chrome $60.00 Ppd.

50-150-300 POWER MICROSCOPE
Amazing Value — 3 Achromatic Objective
Lenses on Revolving Turret I Imported 1 The
color-corrected, cemented achromatic lenses in

;

tlic objectives gives you far superior results to
;

tiie single lenses found in the microscopes
selling in this range. Results are worth the
difference! Fine rack and pinion focusing.

Stock No. 70.00a-E $16.50 Pstpd.
MOUNTED 500 POWER OBJECTIVE

Threaded for easy attachment on above micro-
,

scope. Aclirninatit lenses for fine viewing. 3 i

mm. focal length.
Stock No. 30.197-E $5.00 Pstpd

WOODEN SOLID PUZZLES
\1 Different puzzles that will stimulalfc

jour ability to think and reason. Here
is a fascinating assortment of wood puz
zles that will provide hours of pleasure
Twelve difTerent puzzles, animals and
geometric forms to take apart and reas
scmble, give a chance for all the family, young or old, to

test skill, patience and. best of all. to stimulate ability to

think and reason while having lots of fun. Order yours now.

Stock No. 70,205-E S3.00 Postpaid

War Surplus American Made
7x50 BINOCULARS

Big savings! Brand new! Crystal
clear viewing—7 power. Every opti-
cal element is coated. An excellent
night glass—the size recommended
for satellite viewing. Individual eye
focus. Exit pupil 7mm. Approx.
field at 1,000 yds. is 376 ft.

carrying case included. American
7 X 50's normally cost $274.50.

" Our war surplus price saves you real money.
it Stock No. 1544-E only $74.80 pstpd.

7 X 35 American Made Binoculars

Stock No. 964-E $55.00 Ppd.
6 X 30 Binoculars—similar to above a terrific bargain.

Stock No. 963-E $40.00 pstpd.

Bird Watching and Photography made easy with

JU J WINDOW FEEDER
^^^^^~^' AND ONE-WAY MIRROR

study birds in the
your iiome, and get bril-

photos. Durable redwood
liently and easily

laches to outside window sill. Hinged
glass top for easy access to seed bin
and suet rack. !Moiint one-way mirror-

like film to inside of window, observe birds without being
seen. To get excellent wildlife pictures, position camera on
iripud at desired height. Film covers half of average
window. Feeder measures 17" long s 8Vs" high s O'/a"
d.'ni. Wgt. 6^^ lbs.

Stock No. 70,737-E $9.95 Ppd.

Half-Aluminized Film Sheets Only
Stock No. 70.326-E 2l"x3e" $3.00 Ppd.
Stock No. 60.1 13-E IO'/2"xlff" $1.00 Ppd.

f nmnusMt Palomar Type! An Unusual Buy:

; See me Rings of Saturn, the

fascinating planet Mars, huge
i craters on llie ilooii. I'ha.^es of

' Venus. Equatorial mount with

, lock on tioili axes. Aluminized
and over-coated 3" diameter

* higli-speed f/10 mirror. Tele-

i 61 ope comes equipped witli a

-^' ^^^ pL. \ fiOX evepiece and a mounted
^ -^ J"S lUrlow Lens. Optical Finder

'lelescope included. Hardwood.
portable tripod. FREE with
Scope: Valuable STAR CHART

plus 27:i-page --HANDBOOK OF HEAVENS"' plus "HOW
TO USE YOUR TELESCOPE'- BOOE
Stock No. 85.050-E $29.95 Postoald

41/4" Reflection Telescope—up to 255 Power
Stock No. 85-105-E $79.50 F.O.B.

Superb 6" Reflector Telescope
Up to 57(J I'uwer Equatorial mount and Pedestal Base

Stock No. 85.086-E $199.50 F.O.B.

New! 7 in 1 Combination.' Pocket-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

^
Useful Telescope and Microscope combined

in one amazing, precision instrument. Im-
ported! No larger than a fountain pen.

Telescope is 10 Power. Microscope magni-
fies 50 Times. Sharp focus at any range.

Handy for sports, looking at small objects.

Stock No. 30.059-E $4.50 ppd

AGES-OLD FOSSIL COLLECTIONS
ilillions of years oldl 3 full sets—
3U (aiiiasUL' pi^ni and animal fossils

— liU for $3.75. EARTH SCIENTIST
SET: Dinosaur tione, crinoid stem,
born coral, worm tubes, petrified

rtood. bryozoa stem, lamp stiell.

^ ^tS y^ -^ scallop, sea urchin, oyster, clam,
^r— -^^ -3 snail fossH. CARUONTFEIIOUS

SET: Brachipod. worm hurl, crinoid

stem fusullne horn coral, bryozoan. snail and clam.
CRE'1A( I'.Ol S SET: Brachipod. oyster, sea urchin, peril-

fled wood, e'c All three sets for one low price'

Stock No. 50.344-E $3.75 Postpaid

SCIENCE TREASURE CHESTS
Science Treasure Chest— extra powerful mag
neis. polarizing tiUers, compass, one-way
mirror tilm. prisms, diffraction grating, and
lots of other items for hundreds of thrilling
experiments, plus a Ten Lens Kit for mak-
ing telescopes, niicroscupes. etc. Full in-

Stock No. 70.342-E $5.50 Pstpd.
Science Treasure Chest Deluxe—Everything in Chest above
phis exciting additional items for more advanced experi-
ments, including crystal-growing kit, electric motor, mo-
lecular set. first-surface mirrors, and lots more.
Stock No. /0,343-E $10.50 postpaid

Revolutionary Technological Breakthrough in

LIVING UNDER WATER
Underwater Ant Nest Used
to Dramatize Development

Sensational new development may be
forerunner to underwater cities, the
day man will live under the sea. Sili-

cono Rubber Slcmbrane enables ants (and other creatures)

to li\e and breathe normally by obtaining life giving
oxygen from water e\en though ant nest is submerged and
sealed off corapleteb from atmosphere. When ants consume
oxygen in nest, pressure decreases below tliat of oxygen
pressure in the water—allows oxygen from water (but not
water) to pass through membrane. When carbon dioxide
pressure increases inside nest it passes out through mem-
brane. 3" X 5" membrane (.001" thickness) is bonded to

dacron mat for mechanical strength and made exclusively,

by hand craftsmen, for Edmund Scientiflc's expei^mental
customers. Nest comes complete with sand, food, certificate

to bo returned for supply of ants. Complete instructions.

Supply limited. Use your aquarium Or order ours, listed

Stock No. 70,801 -E (Ant nest, membrane, irstr.) $8.75 Ppd.

2'/2 GALLON PLASTIC AQUARIUM
Stock No. 90,014-E $7.95 Pp

EXPLORE THE WORLD OF "OP ART"
Fascinating New Experimenters'

MOIRE
PATTERNS KIT

Fantastic Visual EfFects! Limitless Applications
Now! Experiment with the amazing new tool of tomorrow.
Basis of "OP ART"—latest rage sweeping the country in
art, fashion, packaging industries. l,O0U's of uses for
hobbyists, photographers, designers, lab and liome experi-
menters. Fun! Profitablel Unlimited potential. Here's
your complete introduction kit developed by Dr. Gerald
Oster, Brooklyn Poly. Inst. Contains S basic patterns on
both clear acetate lantern slide size 3'4" x 4" (-020
thick) and .012" tliick white Kromekote paper 3%" x 4^/i"
(coated one side): two piece 3%" s 4" 150-dot screen on
film. Copy Dr. Oster's book, "The Science of Moire Pat-
terns", an authoritative introduction to the fascinating
world of mnire.
Stock No. 70,719-E (KIT "A") $8-50 Ppd.
Stock No. 60.464-E (without book) S6.50 Ppd.

NOW AVAILABLE IN FULL COLORS
Wait 'til you see the fantastic rainbow of color—all 8 pat-
terns above in full transparent colors, red, yellow and blue,
plus black (total 40). (i^ompl. instructions.

Stock No. 60.530-E (Kit A) $12.50 Ppd.

NEW DE LUXE EXPERIMENTERS' MOIRE KIT "B"
Eight new totally different black and white patterns:
Coarse sines; 65-line sines; perspective squares; medium
grating

; Gaussian grating ; converging circles ; elliptical
zone plate; 30 -line logarithmic spiral; plus instructions
by Dr. Oster.

Stock No. 70,790-E $6.00 Ppd.

NEW MOIRE KIT "B" IN COLOR
8 new patterns above in red, yellow and blue; plus black
dotal 40) witli inst. by Dr. Oster.

Stock No. 60.531-E $12.50 Ppd.

NEW JUMBO 20" x 25" MOIRE PATTERNS
Excellent for displays and signs. Write for details and
prices,
MOIRE PATTERN ACCESSORY KIT. For additional
experiments. Incl. metallic balloon, calcite, two kinds o(
diffracting gratings, one-way mirror foil, polarizing mate-
rials. Ronchi rulings, assortments of lenses.

Stock No. 60.4B7-E §8.00 Ppd.

Terrific Buy! American Made!
OPAQUE PROJECTOR

Projects illustrations up to 3" x 3^"
and eidarges them to 35" s 30" if

screen is 6Vi ft. from projector;
larger pictures if screen is further
away. No film or negatives needed.
Projects charts, diagrams, pictures,
pliotos. lettering in full color or
black-and-white. Operates on 115

foil, AC, current. 6 ft. extension cord and plug Included.
Opernles on fiO watt biilb. not incliideil. Size 12" x 8" x
i^^" W. 1 Ih.. 2 oz. Plastic case with built-in handle
Stock No. 70.199-E .. 57.95 Postpaid

OPAQUE PROJECTOR WITH KALEIDOSCOPE
ATTACHMENT

Same set as above, but provides endless additional projectsth eiercliaiiging kaleidoscope patterns.

-
- SIO.OO Ppd.Stock No . 70.714-E

SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES'
NEW WORKING MODEL
DIGITAL COMPUTER

ACTUAL MINIATURE VERSION OF
GIANT ELECTRONIC BRAINS

Fascinating new see-through model
computer actually solves problems,
teaclies computer fundamentals. Adds.
subtracts, multiplies, shifts, complements, carries, mem-
orizes, counts, compares, sequences. Attractively colored,

rigid plastic parts easily assembled, 12" s ZM:'^ x i%".
Incl. step-by-step assembly diagrams, 32-page instruction
book covering operation, computer language (binary sys-
tem), programming, problems and 15 experiments.

Stock No. 70,683-E S5.98 Ppd.

Order by Stock No.-Send Check or MONEY ORDER
Money-Back Guarantee

EDMUND SCIENTIFIC CO., Barrington, N. J.

MAIL COUPON for FREE CATALOG "E"

I EDMUND SCIENTIFIC CO.,
I Barrington, New Jersey
' Completely New 1966 Edition—
] 148 Pages-Nearly 4000
' Bargains

I
Please rush Free Giant Catalog E

I
Name

I Address

! City Zone State

ORDER ar STOCK NUMBfR . SfNO CHICK OR MONIX OROfR . SATISFACTION CUARANTffO!

EDMUND SCIENTIFIC CCrBARRmoTON, new jersey

I



The money icamera
plays for keeps.

Don't you?
That's what we call the Bolex

16; "the money camera!' Be

cause when there's some
thing on the line, when you

can't atford mistakes, you

can always depend on it.

Why?

_ Because Bolex has

more going for you. Take the camera

pictured above, it's

called "The Coach"
and with it you can

take anything from a

wide sweep to a close-

up of a quarterback

hand-off. Capture
athlete's form in all

sports, easily. Or slow

the action down to extra

slow motion. And never waste a second in reloading,

because of automatic threading and spool ejection. And
you have more going for you in sports accessories, too.

Take the "all-sport" tripod, shewn above. It lets

you zoom with your left hand, while you pan to

follow the action and hold the pan handle with

built-in cable release in your right. You just don't

miss a play. And take the special "unimotor"

(shown above) that lets you run off 100 feet of

film at a clip. Either plugged-in or on batteries. And

take any one of the more than 50 other accessories

That's "the money camera" for you.

Now you might ask

whether the Bolex is

great onlyoutdoors. Not '_

by a long shot. It has

the lensspeed and focal

length to capture the In-

action of basketball,

(shown right) swimming,
;

wrestling, fencing. Any <
indoor sport. And just to ,

show its real versatility,

replace the zoom with W
an extreme wide angle

or extreme telephoto

lens (as shown below)

and it's perfect for na-

ture study (shown right), drama class, bio lab, or any other

scholastic purpose.

That'swhywecall Bolex"themoney camera!' Because

it's rugged, dependable, versatile. Because it always

comes through. In any situation. That's why you'l

find the Bolex "Coach" in schools throughout the

country. And that's why your school should put its

money on it, too. Bolex: "the money camera!' You

can depend on it.

Forfurther information or free catalog on

shooting sports with the Bolex 16, write:

Paillard Incorporated, 1900 Lower Road,

Linden, N.J. 07036.i^^l_^>C
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How to keep a forest from becoming a neon jungle

America's wild and beautiful lands

are going fast. Each newly born
baby has one-quarter acre less of

such land to enjoy than the baby
born a moment before.

Near you there is probably a

leafy and lovely forest, or a quiet

pond, or a blissfully untouched
piece of seashore. And you've often

thought of protecting this rare area,

but assumed that nothing could be

done about it. The fact is that plenty

can be done, and you can help do it

—even though you are not a con-

servation specialist.

You start by getting a group to

work on the problem of keeping a

favorite natural wild area as God
made it. This group might consist

of you, a lawyer, a town official, a

clergyman, a Boy Scout leader, a

businessman, and your local PTA.
Throughout the country, other

Americans, just hke yourself, have

done the job in their localities. For
full information and a complete

program, write to Foundation of

America, 814 H Street, N.W.,
Washington, D. C. 20001. Ask for

Sinclair "Serve America" booklet.

For more than ten years, we at

Sinclair have led in the support of

wise conservation

of America's nat-

ural beauty and
resources.

\Sinclain

DISCOVER AMERICA BEST BY CAR



Hemingway's only re-
cording! Includes Second
Poem to Mary, The Fifth
Cohtmn, In Harry's Bar
in Venice, other works.

Carl Sandburg reads
Windy City, In Tall
Grass, Four Preludes,
Southern Pacific, and
other well-known poems.

E. E. Cummings in se-
lections from his poetry,
including when god de-
cided to invent, Santa
ciaus, i say no world.

Dylan Thomas in a ly-
rical reading of A Child's
Christmas in Wales. In
the While Giant's Thigh,
and other poems.

T.S. Eliot interpreting a
choice selection of his
poetry, including Pru-
frock. Portrait of a Lady,
Ash Wednesday, Marina.

William Faulkner reads
his famed Nobel Prize
Acceptance Speech, se-
lections from As J Lay
Dying, and other works.

At better record and book stores, or mail coupon below

I

CAEDMON RECORDS have enriched the American lit-

erary scene by bringing into homes and schools
the voices of the distinguished poets and writers of
our time. Notable Caedmon albums include the
famed original cast recording of Dylan Thomas'
Under Milk Wood; Albert Camus, reading from La
Peste and L'Elranger; Sean O'Casey, interpreting

scenes from Juno and the Paycock and other works;
and Ezra Pound, reading from his Cantos.

Caedmon records are available at fine record and
book stores. Or, you may order any of the albums
shown, simply by using the coupon provided. Please
enclose check or money order. We pay postage.

CAEDMON RECORDS
Pioneer in spolcen-word recording

Caedmon Records, Dept. 117
461 Eighth Avenue, New Yorl<, N. Y. 10001

Please send the albums I have indicated at the right. I

enclose my check or money order for $5.95 in full payment
for each album. (Add sales tax where necessary.) All are
12-inch long playing records which may be used on any
33'/i rpm phonograph.

Name.

Address

City

State Zip Code.

CHECK THE ALBUMS
YOU WISH:

n Robert Frost

n Ernest Hemingway

n Carl Sandburg

n E. E. Cummings

n Dylan Thomas

D T. S. Eliot

O William Faulkner

n Please send your
complete 72-page
catalogue.
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COVER: Of all known Maya archeological sites, Jaina is unusual for its large

number of clay figurines. It is interesting principally because of these remarkable

pieces, one of which appears on the cover; they date from the Mesoamerican;

Classic Period and are found in the innumerable graves located throughout tbs'

island. Jaina is a small, mangrove-bordered island off the coast of Mexico, thirty

miles north of Campeche. and separated from the mainland by a narrow channel.!

On pages 40 to 47, Dr. Luis Aveleyra A. de Anda of Mexico and Dr. Gordoni|

Ekholm of New York discuss discoveries and theories surrounding the figures.

The American Museum is open to the public without charge every day

during the year. Your support, through membership and contributions,

helps make this possible. The Museum is equally in need of support

for all of its work in the fields of research, education, and exhibition.
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New York, N. Y., and at additional offices. Copyright, 1966, by The American Museum of Natural History.

No part of this periodical may be reproduced without the written consent of Natural History. The title

Nature Magazine, registered U.S. Patent Office. Unsolicited manuscripts and illustrations submtted to the

editorial office will be handled with care, but we cannot assume responsibility for their safety. The opinions

expressed by authors are their own and do not necessarily reflect The American Museum's policy. Natural
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Meet Madame Modiste
celebrated seamstress of Livonia,Mich.

She's never worked for Pauline Trigere or Bergdorf Goodman. Yet her professional skills help
keep you in the height of fashion ... if you own a General Motors car. She's a seamstress at a
GM Fisher Body plant, one of three thousand whose deft needlecraft turns rolls of upholstery
materials into smart, superbly fitted seat coverings— more than seven million times a year.

These talented "couturieres" work with cloth, vinyl fabrics, and soft, genuine leathers in the
process of creating the designs you see in General Motors cars. The inviting interiors they pro-
duce unite with some 170 car models from which today's highly selective car buyer may choose.

General Motors car interiors are fashioned and selected by trained specialists of taste and dis-
cernment. But their abilities would be wasted without the practiced hand of the expert seam-
stress. She is one of the people who keep GM in the automotive styling forefront.

GM General Motors Is People... making better things for you



ABOUT MEN WHO
EXPLORED

NATURE'S SECRETS

MR. ARCTIC
An Account of

Vilhjalmur

Stefansson

by Erick Berry

Illustrated with
photographs. The
adventures of the
famous Arctic ex-

plorer who spent
twelve years among the Eskimos, mak-
ing many discoveries about the frozen
land and its people. Ages 12 up. $4.50

THE FORGOTTEN VOYAGE
OF CHARLES WILKES

by William Bixby

Illustrated by John Flynn. In an
around-the-world government explora-
tory expedition from 1838 to 1842,

Charles Wilkes took soundings which
benefited shipping everywhere, defined
the antarctic continent, surveyed 280
islands, and brought back specimens
which enriched all branches of botany
and zoology, yet his feats are only now
being given their rightful place.

YA. $4.00

BOOKSIIN REVIEW

'Salvaging Egypt's past
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If you
own a
Nikon F

you have more than 30 interchangeable Nikkor lenses to choose from;

14 interchangeable viewing screens; 4 interchangeable finders; 2 electric motor drives;

copy and closeup equipment; macro and photomicrographic attachments; filters;

flash units; cases; film cassettes, and an almost endless variety of other accessories.

You have all of this at your command, to draw upon and use, whether you
obtained your Nikon F today, yesterday or seven years ago.

If you are earnestly considering the creative possibilities of photography,
ask your dealer to show you the Nikon F. For details, write:

Nikon Inc., Garden City, N.Y. 11533 Subsidiary of Ehrenreich Photo-Optical Industries, Inc. Distributed in Canada by Anglophoto, Ltd.



Face to face in the dark

with the great horned owl

You see every detail of this

nocturnal bird's life in the

newlLiviNG WORLD book

1. THE WORLD OF THE
GREAT HORNED OWL

by G. Ronald Austing

and John B. Holt, Jr.

HIS flight is swift and powerful. His

grip is viselike. He has been called

the tiger of the woods. But, contrary to

his reputation, the great horned owl is

not especially wise. In this new Living

World Book, two of our country's most

practiced owl-watchers describe and

show the courtship, nesting, hunting —
all the many facets of the life of this

fascinating predator.

Living World Books under the edi-

torship of John K. Terres are photo-

graph-and-text studies which follow the

activities of wild creatures through the

four seasons of the year. Habits and

habitat are fully described and illus-

trated in each book with 100 spectacu-

lar photos. Order on the money-back

coupon below.

2. The World of the RACCOON
LEONARD LEE RUE, III

3. The World of the COYOTE
JOE VAN WORMER

4. The World of the
WHITE-TAILED DEER
LEONARD LEE RUE, III

5. The World of the BOBCAT
JOE VAN WORMER

6. The World of the
RED-TAILED HAWK

G. RONALD AUSTING

7. The World of the BEAVER
LEONARD LEE RUE, III

r - - - Money-back coupon - - -
I ' N4-00

I
J. B. IIPPINCOTT COMPANY

I
East Washington Square, Phila., Pa. 19105

, Please send me postpaid the books whose
numbers I have circled below. If I am not

I
entirely satisfied, I may return any book

I
in 10 days and you will refund my money.

j 12 3 4 5 6 7

I
n I enclose $ (Price $4.95 each)

I
Name

I Address

I City State Zip

Abu Simbel is indeed "home and dry"

as far as its piecemeal removal is con-

cerned, but there is still a risk that the

shortage of funds may delay or suspend

its reconstruction, and an even greater

risk that economies will be imposed on

the final phase of the operations—the

restoration of the cliffs surrounding the

temples. Since the esthetic impact of

these monuments derives from an inter-

relation of architecture and setting, they

will not have been preserved until that

setting is restored with the utmost skill.

An American Committee to Preserve

Abu Simbel has been organized to seek

further contributions for what is un-

doubtedly the most outstanding effort

ever made to safeguard a part of man's

artistic heritage.

Henry G. Fischer is Secretary-Treasurer

of the American Committee to Preserve

Abu Simbel and also Curator of Egyptian

Art at the Metropolitan Museum of Art.

The Native Americans, by Robert F.

Spencer, Jesse D. Jennings, et al. Harper
& Roiv, S10.90; 539 pp., illus.

ALTHOUGH designed primarily as a

textbook for colleges, The Native

Americans is excellent for the general

reader who is looking for an authorita-

tive summary of North American Indian

archeology and ethnology in a single vol-

ume. The book was written by nine

authors, each writing a chapter (or

chapters) on his specialties. This plan

was adopted because the literature on

American Indians has become so vast

that few anthropologists are familiar

with all of it. The result is a big book

(some 400.000 words) that is filled with

data. It is useful both as a general in-

troduction and as a reference book.

The Native Americans begins with a

chapter on archeology. Like the other

chapters, it is full of information; yet it

manages to highlight the principal de-

velopments of American Indian prehis-

tory so that the reader never becomes

bogged down in details. Next follows a

chapter on linguistics. Language is a

subject about which it is difficult to say

much without becoming highly techni-

cal. The authors have kept this chapter

brief, but they still manage to give some
idea of the complexity and diversity of

Indian languages. Most of the book is

devoted to a survey of the historical

tribes, organized by culture area. A final

chapter gives a historical summary and

a discussion of Indian prospects.

The book has a number of noteworthy

features. Archeology is not slighted, as

it often is in books that are primarily

ethnological. The ethnology of northern

Mexico and Mesoamerica is included,

thereby wisely ignoring the distinction

frequently made between Anglo-Amer-

ica and Latin America. Each chapter

on a culture area contains a few short

ethnographic descriptions of particular

tribes. Areal surveys tend to focus on thei

distribution of culture traits, and it is

well to be reminded that the individual

Indian lived in a tribe with an integrated

culture. The final chapter discusses the

Indian policy of the United States gov-

ernment and the current legal status of

Indians. Although these are topics of

importance, they are usually omitted in

books on Indian ethnology.

The weaknesses of the book are minor,

and yet their total effect is to reduce its

usefulness considerably. The index is in-

adequate, making it difficult to locate

information. The "Guide to North Amer-

ican Indian Tribes" is of little value, as

it is nothing but a list. At the very least,

the culture area and linguistic family oi

each tribe might have been added. The

authors should have standardized tribal

names throughout their book; for ex-

ample, the Saulteaux are given both as a

separate tribe and as a part of the

Ojibwa. A major fault is the poor quality

of many of the illustrations. All are line

drawings, but photographs would have

been much better in many cases. Al-

though the book has a large number of

drawings, there is no list of figures. The
'

book contains enough technical terms to i|

make a glossary a useful addition.

The Native Americans is one of the

two best general books on the American

Indians (Indians of North America 1)\

H. Driver is the other), and will be a

standard reference and text for many
|

years. Anyone who reads it carefully i

will acquire a most respectable knowl-
j

edge of American Indian ethnology and '

archeology.

Stanley A. Freed
The American Museum

Rhinos Belong to Everybody, by

Bernhard Grzimek. Hill and Wang, Inc., <

S12.50; 207 pp., illus. The End of the

Game, by Peter H. Beard. The Viking

Press, $12.95; 256 pp., illus.

THE book Rhinos Belong to Every-

body is a collection of 128 outstand-

ing photographs, of which 58 are in

color. They have been well chosen and '

are superbly reproduced. The majority

are of African game mammals, but

birds, people, and scenery are also in-

cluded. To add to the delight of this

book, the author has provided a readable

and enlightening text.

Dr. Grzimek, the director of the
'

Frankfurt Zoo, is a widely respected

conservationist. He has made numerous

trips to Africa, and this book tells the

story of his latest journey, in 1960-61.

when he revisited some of the areas he

had covered some ten years before—the

eastern Congo, the Ngorongoro Crater,

Serengeti National Park, and Tsavo Na-



Given to you . . . this magnificent collection of
Audubon s Birds and Mammals

-reproduced m. ftill^ folio size and in brilliant color

AUDUBON'S
WILDLIFE

• An extraordinarily beautiful volume containing 40
plates of birds and mammals, selected from Audubon's
monumental works — eac/i iplate reproduced in superb de-

tail and breathtaking color in the actual size rendered by
the artist

• Includes 96 pages of lovely black-and-white illustrations

• With Audubon's own acute observations on the un-
spoiled frontier wilderness

• Compiled and edited by Edwin Way Teale, celebrated
naturalist, writer, and photographer
• Publisher's Price $15.00

...yours ^Ju IvH^Hi —when you enroll as a member in

The Natural Science Book Club
...and choose any one of these superb books

as your first Selection...

I.'THE SEX LIFE OF THE ANIMALS.
Herbert Wendt. Remarkable ac-

count of the vast, often incred-
ible processes of reproduction
among animals. List Price $7.95,

Member's Price $5.95

2. THE GREAT SAHARA. James Wei-
lard. The fascinating story of the
dramatic events that have taken
place in this "Sea of Sand." List
Price $6.95, Member's Price $5.50

3. SCIENCE: U.S.A. William Gilman.
An unusually candid appraisal of
science today and its awesome in-

fluence on society. List Price
$7.95, Member's Price $5.35

4. WE ARE NOT ALONE. Walter Sul-
livan. Absorbing story of sci-

ence's search for life on other
planets. Records the ideas and in-

vestigations that have brought us
near extraterrestrial contact.
List Price $0.95, Member's Price

$5.50

5. TESTAMENTS OF TIME. Leo C.
Deuel. Comiielling story of the
work being done to retrieve and
restore ancient records of van-
ished civilizations. List Price
$8.95, Member's Price $6.75

G. ASTRONOMY. Fred Hoyle. Lav-
ishly illustrated account of as-
tronomical achievement over the
centuries. Over 400 illustrations,
some in color. List Price $1-2.95,

Member's Price $8.95

7. THE ARCHITECTURE OF MOLE-
CULES. Linas Pauling. The Nobel
Prize-winner's fascinating guide
to electronic structure — with 57
full-page drawings in color by
Roger Hayward. List Price $10.00,

Member's Price $7.50

8. THE ANIMAL KINGDOM. Robert T.

Orr. A stunning book on the rich-

ness and diversity of the animal
world by a leading naturalist-zo-
ologist. Over 200 photographs.
List Price $9.95, Member's Price

$7.95

9. THIS SCULPTURED EARTH. .Jolm

A. Shinier. Intriguing .survey of

this nation's scenic wonders-
how they were and are still being
formed. Over 75 beautiful photo-
graphs. List Price $10.00, Mem-
ber's Price $7.50

10. MASERS AND LASERS. M.
Brothcrton. Non-technical over-
view of the principles and appli-

cations of masers and lasers. List

Price $s.50, Member's Price $5.95

11. PICTORIAL GUIDE TO THE PLAN-

ETS. Joseph H. Jackson. Exciting,
oversized volume on all that is

now known about the solar sys-

tem. lUus. List Price $7.95, Mem-
ber's Price $5.95

12. SURVIVAL OF THE FREE. Dr.
Wolfyany Engclhardt. The com-
pelling story of wild animals
doomed to extinction — and the
dedicated men working to save
them. 150 photographs. List Price

$9.95, Member's Price $7.50

MAY WE SEND YOU— as o ffift — th\s magnificent volume
of AUDUBON'S WILDLIFE (a $15.00 value) ? We

are making this outstanding offer to demonstrate the
many advantages of membership in the Natural Science
Book Club.

Thousands of members are finding that The Natural
Science Book Club is an excellent source of exciting and of-

ten opulent books on animal life, nature, astronomy, explo-
ration, space flight, and many other fascinating subjects.

Ranging from anthropology to meteorology, from ocea-
nography to zoology, this unique book service presents
the latest and most important works by leading author-
ities in the natural sciences—a/i at savings up to 40%!

To join now and receive your free copy of AUDUBON'S
WILDLIFE, simply fill in the coupon below, indicating
your choice of a first Selection at the reduced Member's
Price. We will send both books to you immediately. You
will be billed only for your first Selection. Then, as a mem-
ber, you need accept as few as 3 additional books during
the next 12 months—and you receive a free Bonus Book
of your choice after every fourth Selection purchased.

Why not enroll now—and begin to share in the ever-

delightful and ever-changing wonders of the natural
world.

The Natural Science Book Club
59 Fourth Avenue/New York 10003

ENROLLMENT FORM

Natural Science Book Club/ 59 Fourth Avenue, N.Y. 10003
Please enroll me as a member and send my free copy of AUDUBON'S
WILDLIFE plus my first Selection circled below. I will be billed

only for the first Selection at the reduced Member's Price plus
postage. As a member, I agree to buy as few as 3 more Selections
during the next 12 months, and I will receive a free Bonus Book
of my choice after every fourth Selection purchased.

As my first Selection send me (circle one) :

1 2 3 4 5 6 7 8 9 10 11 12

Nan

Address

City State

Please be sure to indicate correct zip code.

Zip Code
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venture in the oldest mountains of the

United States. The reader can hardly

avoid an itch to roam the Great Smokies,

wander through the Blue Ridge, climb

Mount Mitchell and Mount Katahdin,

and see the Gaspe and the Shickshocks.

As one who has grappled with a simi-

lar writing job, I admire the artistry with

which Mr. Brooks breathes life into what

otherwise could be a mere listing of

strange plant and animal names, and

makes you feel that you must see the

creatures involved and come to know
them as he does. Apart from being an

excellent regional guide, this book is a

pleasant introduction to ecology and nat-

ural history for the beginner and a good

refresher course for the expert. The
reader will not only learn to appreciate

the eastern mountains and discover the

fascinating complexity of their biota; he

will also learn much about the "whys"'

of living things, the processes involved,

and the interrelationships in wild nature

and natural beauty.

Raymond Dasmann
The Conservation Foundation

The Rock Paintings of the Chumash,
by Campbell Grant. University of Cali-

fornia Press, $10.00; 163 pp., illus.

FIGURES that the American Indians

painted on rock surfaces (picto-

graphs) , or carved into them by incising

or pecking (petroglyphs) , compose one

of the most frustrating categories of evi-

dence with which anthropologists deal.

In the past they yielded so little reliable

cultural or chronological information

that their study was largely neglected

by students who, heaven knows, had

little enough time or resources to get on

with inquiries into the more fruitful

classes of facts.

Since World War II there has been

renewed interest in pictographs and

petroglyphs. Interpretation is still diffi-

cult—in fact, usually impossible—but re-

cording moves apace. Campbell Grant,

artist and author working under the

auspices of the Santa Barbara Museum
of Natural History, is in the forefront of

such studies on the West Coast, and The

Rock Paintings of the Chumash is a

product of his dedication to the subject.

Recording the figures, chiefly picto-

graphs that the Chumash wrought on

eighty-four sites scattered over 6,500

square miles of territory in the Santa

Barbara region, was a grueling task. Ex-

plaining them was even harder. Grant

discovered he had to go deeply into the

ecology, culture, and history of the Chu-

mash—a task that resulted in his writing

the ethnological discussion that precedes,

and by pagination exceeds, the presen-

tation of his pictograph reproductions

and their interpretation. This section of

the book is a valuable contribution to

knowledge about the tribe.

aV-A^,^S>.VO

*^^\Vo^^

If you want more reason

for investing $269.50 in

today's most sought after

camera, ask your Nikon
dealer for this free, 16 page
booklet, or write to Nikon Inc.

Garden City, N.Y. 11533.

Subsidiary of Ehrenreich
Photo-Optical Industries, Inc.

The new Uher 4000-L
is strictly for the birds.
Or any other natural sound for that matter.
It's the one portable tape recorder you can
rely on for performance, convenience and
precision. Here's why: Exclusive Akustomat
—records on sound impulse only. Leave it

out in the field all day. It will only record
when there is sound— no wasted tape; Dia-
Pilot—automatic slide projector synchro-
nizer; ultra sensitive microphone; solid state
design; operates up to 12 hours; hi frequency
motors; digit counter; 4 speeds; and more.

From the heights of Mt. Everest to the bot-
tomless pits of Africa, ornithologists, anthro-
pologists and scientists the world over have
found its full fidelity sound is incompar-
able. Visit your hi fi dealer for a startling

demo or write for literature: Dept. Bird,

t- Los Angeles: 2356 South Cotner: New
York City: 1199 Broadway; Chicago:
5445 (\orth Lincoln Avenue.
Sound begins and ends with a Uher
Tape Recorder by l<1{n»Triart:iiL|

MARTEL ELECTRONicS
C IMPOnTER
TAPE HECO



ASTRONOMY
ACCORDING TO HOYLE
Should the space program continue?

"If the case for the space program rests on astro-

nomical grounds, then most certainly not."

How do you explain the laws of physics?

"The laws of physics represent the modern extra-

polation of the concept of God."

What differentiates astronomy from physics?

"Astronomy... is more akin to human affairs."

MAN IN THE

UNIVERSE by Fred Hoyle

Great Britain's liveliest astronomer presents his unortho-

dox views on life, science, philosophy, education, research

...and the state of astronomy.

$3.50 at bookstores or order from the publisher.

m* COLUMBIA UNIVERSITY PRESS
2960 Broadway, New York, N. Y. 10027

Send for this guide to
WILD

of
From seacoastto mountain peaks—

from green valleys to sage-scented

plateaus—colorful wild flowers add

to your enjoyment when you travel

Oregon's scenic highways. You'll

find them in forested campsites,

near high snow fields, in colorful

canyon walls, along Oregon's

magnificent 400-mile coastline.

Send today for full color descriptive

booklet of Oregon flowers and shrubs.

OREGOIM
Travel Information, Room 436

Hiehway Department

Salem, Oregon 97310

Please send me free booklet, "Wild Flowers of Oregon.'

_ZIP_

IT'S FREE!

The figures are a superb group of

thirty-two color plates representing both

painted reproductions and color photo-

graphs, as well as numerous black-and-

white pictures. There was considerable

range of complexity, subject matter, and

even eerieness in the figures Grant found.

Some are abstract, some natural, some

overlay others, and nearly all are bright-

ly painted (Natural History, June-

July, 1964) . Some repeat, but nowhere

are there repeated groups of elements

in the sort of sequence patterns likely

to lead to acceptable interpretation.

In the end, neither ethnology nor ar-

cheology helped much with the explana-

tion. Grant falls back at last on the same

generalities as have the rest of us en-

gaged in such studies: the figures were

probably magico-religious, designed to

put man in harmony with the unseen

forces that control the world.

This beautifully done book is a must

for a student of pictographs and petro-

glyphs, and a useful and entertaining

volume for anyone's library.

James L. Swauger!
Carnegie Museum

The Discovery of Nature, by Albert

Bettex. Simon and Schuster, $24.95; 380

pp., illus.

ALBERT Bettex' The Discovery of Na-

L ture discovers not only nature but

also its discoverers through a magnifi-

cent series of historicoscientific illustra-

tions. The illustrations are well repro-

duced (the book has been printed in

Switzerland), but as important, they

have been chosen with imagination and

are of great diversity: a sepia drawing

of Stonehenge by Turner; a Chinese

Ming painting of man in communidii

with nature; a Fabris painting of Wil-

liam Hamilton beside erupting Vesu-

vius; Roesel von Rosenhof's illustrations

of the activity of the ant lion; a fourth

century B.C. clay tablet depicting fishes

and shellfishes—these are only a few

of the types of figures that accompany

the expected woodcuts and engravings.

Their variety defies exemplification in a

short notice. The subjects covered in-

clude chemistry, physics, botany, zoolo-

gy, anatomy, and astronomy; a brief

concluding chapter, "The Natural Sci-

ences," is somewhat philosophical.

What really distinguishes the book,

however, is a text as imaginative and as

excellent as the pictures. It presents an

accurate and fascinating account of how

man has discovered nature and what lie

has discovered about it, and it also de-

scribes how he has welded his discover-

ies into science. This book is enthusias-

tically recommended to scientists and

teachers of science at all levels, and to

students of science, lay or professional.

Jane Oppenheimer
Bryn Mawr College

lO



icon Panoranimal.
Aardvarks to zebras. In person. At home. Clip our coupon for details. It won't bite.

If you weren't interested in

natural history, you wouldn't be

reading this magazine. But we're

proposing something less vicarious.

Two things, actually.

The first is called a Wings
Safari. Wing your way from New
York to London to Africa on the

most advanced jet in the skies, the

BOAC Super VC 10. Spend three

weeks winging your way over

Africa in a twin-engined Piper

Aztec. Over the broad plains of

Serengeti, above the snow-capped
peak of Mt. Kilimanjaro.

Following a route land vehicles

could never follow.The cost for

this adventure is $2,034 from New
York.That includes everything:

round-trip flight, meals, pilots

and special guides. Departures
from Boston, Miami, Chicago,

Detroit, San Francisco and
Honolulu, too.

The second is called a Value
Safari. It's more down to earth,

but the earth will be trod by rhino,

zebra, elephants, et al.You'll

spend three weeks on and off the

beaten path, seeing the best parts

of Uganda, Kenya,Tanzania.
Cost ? $1,529"', everything included,

same as above.You might even

want to start your own zoo when
you're through.

At least shoot the coupon to us so

we can send you all the details.

•Based on M/2J-dav midweek jet economy
excursion fore from New York. Subject to

government approval.

AMD BOAC CUNARD
SERVICES OPERATED FOR SOAO CUNARD BY BOAC

British Overseas Airways Corporation
Dept. BE-253
Box No. VC 10

New York, N.Y. 10011

Wings Safari D

Name

Street

Value Safari D

My Travel Agent is.

01.32



REACTION OF SUN'S HEAT CAN GENERATE TORNADOES

A Storm's Incalcnlable
byEDWrXTvESSLER

The sun is the source of energy that

causes weather and maintains

conditions on earth suitable for life as

we know it. Of the total solar output,

the earth intercepts only about a two-

billionth part, but this is enormous by

comparison with man's uses. Just a

fraction of this tiny fraction is

changed to the energy of weather mo-

tions, yet the energy is still far greater

than the total produced by all the

works of man.

The solar energy that falls on a flat

plate perpendicular to the sun's rays

at our distance from the sun is about

2 calories per square centimeter per

12

minute, or 1.800 calories per square

foot per minute outside the earth's

atmosphere; the latter amount is

enough to turn 3 grams of water to

steam each minute. One calorie is the

heat required to raise the temperature

of 1 gram—1/30 ounce—of water 1.8°

F. On a dry day, about 20 per cent of

the incoming solar energy may be re-

flected and absorbed in the atmos-

phere. Thus, one square mile of the

United States' surface receives about

2.800.000 kilowatts, or 3,700,000

horsepower, during a dry, bright mid-

day in summer. The solar energy fall-

ing on an area ten miles square is

considerably more at midday than the

total power generated by all the power

plants in the United States. The hea

received at the earth's surface durinj

24 hours is, typically, enough to hea

the overlying atmosphere by abou
5° F. This is an average. Ninety-ninei

per cent of the atmosphere is belo\\ '

100,000 feet: 50 per cent of that is

below 18,000 feet.

Most of this enormous amount o

energy is radiated back to space, anc
,

most of the radiation is not changed tc ^

energy of motions. Instead, it main

tains the temperatures on the eartl

near their average values. The tern

peratures of the earth's surface anc

atmosphere are constantly fluctuatinj

about an average in response to tht »

varying rates at which solar energy ii



Lwin tornadoes are seen cutting path
irough Kansas in dramatic picture.

tinergy
eceived. Thus, the temperature rises

luring the day and declines at night,

it any moment in time, temperatures

end toward the level at which a bal-

nea can occur between inward and

utward transfers of radiation and the

"jransfer of heat by mass transport, or

Jrbulence. The amount of radiation

mitted by the earth increases with its

?mperature; when day length in-

leases as the sun rises higher, radia-

1
ion income increases and exceeds the

mount radiated to space by the earth

nd its atmosphere. Then the tempera-

ures of the earth's surface and atmos-

here rise until the heat outgo is about

qual to heat income. During a typical

•ay the temperature rise lags behind

the sun, and a balance is usually

achieved sometime after the noontime

maximum of incoming solar radiation.

Some of the energy of the sun that

is received on earth is converted

to work before it is radiated back to

space—a basic law of thermodynamics

states that if work is to be done, there

must be differences in temperature. A
steam engine has a boiler, in which

heat is added to make steam, and a

condenser, in which heat is lost. If the

condenser and the boiler were at the

same temperature, it would be impos-

sible to maintain the pressure differ-

ence that does the work. In the atmos-

phere, the temperature differences

between equatorial and polar regions

drive the global circulation.

When water is placed over a flame,

the relatively high temperatures cre-

ated at the base of the fluid cause ver-

tical overturning, or boiling, which

involves a transfer of some of the heat

energy into energy of motion. A cir-

culation in gases or liquids driven by

temperature differences is said to un-

dergo convection, and the atmosphere

circulates convectively in both vertical

and horizontal directions.

Thunderstorms and tornadoes rep-

resent vertical convection, and are

most characteristic of the spring sea-

son when the temperature of the at-

mosphere near the ground is rising in

response to increasing amounts of

solar radiation. It is obvious that the

atmosphere is nearly transparent to

solar radiation, and the warmth of the

illuminated earth's surface indicates

that much solar radiation is absorbed

by the ground. The base of the atmos-

phere is then heated by contact with

the ground, and is somewhat analo-

gous to the container of water over a

flame. As the surface temperatures

rise, vertical overturning is more
likely, although several other factors,

including the large-scale distributions

of winds and temperatures, also influ-

ence the forms of local convection.

Two important features of the at-

mosphere are its compressibility and

the existence of latent (hidden) heat

in the presence of water vapor. Com-
pressibility and latent heat are sig-

nificant in producing the forms of

convection characteristic of the at-

mosphere. The first factor is associ-

ated with a decrease of density and

pressure in relation to height. A rising

air parcel encounters lowering air

pressure and expands. Thermody-

namically, we can say that it works

on its environment as it rises. The
first law of thermodynamics expresses

the conservation of energy, which may
be manifested as work or heat. When
a parcel of air rises, some of the heat

content of the rising parcel is changed
to work, and the parcel's temperature

declines correspondingly. This must

be considered in studies of atmos-

pheric overturning.

The second factor, latent heat, im-

plies that the actual heat content of an

air parcel is not indicated by an ordi-

nary thermometer, which measures

only the sensible temperature. This,

too, must be considered in connection

with vertical motion. As rising air

cools, its capacity for holding mois-

ture decreases. After the air's vapor

content exceeds its water-holding ca-

pacity, condensation accompanies ris-

ing motion, and the heat that is latent

in the vapor is released. This partially

compensates for the tendency of the

temperature of an air parcel to fall as

the air mass rises, in response to the

work done on surrounding air.

When the atmosphere overturns, the

temperature of a rising air parcel is

higher, and its density, or weight per

unit volume, is lower than its sur-

roundings. As rising air becomes rela-

tively warmer, it rises more rapidly,

just as more buoyant objects shoot

more rapidly to the surface of water.

With a sharp enough decline in air

temperature as height increases,

the temperature of a rising, moist air

parcel is appreciably warmer than its

surroundings. Large temperature dif-

ferences between the rising air and its

environment are associated with rela-

tively efficient conversion of heat en-

ergy to energy of motions and, thus,

with vigorous vertical convection, in-

cluding thunderstorms and tornadoes.

One remarkable aspect of our at-

mosphere is the way it arranges itself

so that heat and moisture added far

away contribute repeatedly to the oc-

currence of static instability at favored

locales. This is especially evident in

the case of midwestern thunderstorms.

Thunderstorms and tornadoes form

when moist spring air is drawn north-

ward from the Gulf of Mexico. In the

lower atmosphere, generally, the tem-

perature decreases toward the north.

This is associated with a veering of

the wind with height, which can be

explained in terms of the different

densities of warm and cool air and the

13



lop of thunderhead formed during severe

storm activity is about 45,000 feet high.

change of air pressure that occurs with

altitude. In other words, the winds at

intermediate and upper levels have a

westerly component. This upper-level

air from the west is often dry, perhaps

because it has been lifted over the

Rocky Mountains and has dropped

rain on their western slopes.

Although the moist, low-level air

blowing from the south is a reservoir

of great amounts of latent heat, it is

sensibly cool in spring because the

Gulf is relatively cool then, and the air

tends to stay at the earth's surface.

This can be a stable situation until a

large-scale weather disturbance causes

widespread rising motion, which is

also promoted by the movement of the

Gulf air over rising terrain to the

north. The upper air layers cool rap-

idly because they have little moisture

and a correspondingly small reservoir

of latent heat; the lower layers cool

slowly as they rise, because so much
latent heat is released as the moisture

in those layers condenses. Since the

upper layers cool faster than the lower,

and the lower layers become relatively

warmer, the whole depth of the atmos-

phere over the area of general ascent

becomes more statically unstable.

Finally, small-scale overturning can

occur violently, caused by the great

relative warmth produced in the lower

strata. This convective overturning

and accompanying precipitation is the

severe thunderstorm phenomenon so

WIND SPEED
r 5 KI^OTS

^ 25 KNOTS

ourface map, above, sliows direction and speed of wind. Solid

lines on upper-level map, right, indicate heights of about

18,000 feet. Winds blow parallel to the height lines, an

are at their greatest speed where lines are closest togethe:

I



familiar in midwestern United States.

It is not well known at the present

time why some violent thunderstorms

are accompanied by tornadoes and

others are not. It appears that torna-

does are promoted by certain configu-

rations of the upper winds ( j et stream

)

and perhaps by the flatness of our mid-

western terrain. It also seems likely

that the broad, westward upslope of the

land west of the Mississippi, the pres-

ence of the Rocky Mountains, and the

sensible warmth of the earth's land

surface compared to that of the Gulf in

early spring are all important in influ-

encing the development of large-scale

atmospheric features that favor the

formation of tornadoes and violent

thunderstorms.

The number of tornadoes in 1° lati-

tude-longitude squares in the United

States during the period 1953-62, in-

clusive, is illustrated below. A tj-pical

tornado may cover at one moment an

area of about 1/100 square mile with

winds averaging 100 mph. This is a

conservative estimate, because the

winds near a tornado core have never

been accurately measured. The maxi-

mum winds are probably more than

300 mph. In our example, the mass
(m) of air involved is about 2.5 x 10^^

grams. The kinetic energy (energy of

motion) is expressed as i x mass x

(velocity-), which is about 3 x 10^^

ergs. (An erg is the energy imparted

over a distance of one centimeter by
the force that accelerates a mass of one

gram by one centimeter per second.)

Since the energy of motion and heat

are different forms of energy, the

Jl/cho. associated with Meriden tornado,

is seen in radarscope of Topeka, Kansas.

Numbers accompanying outlines, above,

show tornado frequency from 1953-62.
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amount can be written as 7 x 10'" cal-

ories. This is about 0.5 per cent of the

solar energy that falls on a square

mile of earth on a typical summer day,

and 0.5 per cent of the heat of vapori-

zation of one-half inch of rain over a

square mile.

Of course, the tornado is a highly

localized phenomenon, and much

energy is represented in the weaker

but possibly still destructive air mo-

tions associated with a thunderstorm

over a very large area. Consider a pos-

sible situation in which 2 inches of rain

falls over 100 square miles. The latent

heat released is about 7 x 10' ' calories,

equal to about 350 atom bombs of the

type used in World War II.

The second law of thermodynamics

can be used to indicate how much of

the latent heat released might be con-

verted into energy of motion. (For this

purpose we use the absolute tempera-

ture scale, where zero is —459° F.)

The conversion process is more effi-

cient as the differences of temperature

are greater, as shown by the equation:

Av. cold temp.
Max. Efficiency = 1

Av. warm temp.

The average temperature of the

storm environment can be about 32°

F., the melting point of ice, and the

storm core about 5° warmer. Then the

maximum efficiency of conversion of

heat to mechanical energy is about 1

per cent. This is a small percentage,

but the kinetic energy represented is

enormous. If paid for at one cent per

kilowatt-hour, it would cost nearly

$1,000,000. The destructive power, of

course, depends on how this energy is

concentrated.

I have not mentioned the electrical

phenomena accompanying storms.

Most meteorologists believe that the

energy of lightning is derived from the

overturning of air, although interme-

diate processes of precipitation forma-

tion are probably of direct importance

to the formation of electric fields. The

average lightning stroke represents an

energy of only about lO'' calories, or

a little more than 1,000 kilowatt-hours

—a small fraction of the total energy

of overturning.

Weather maps are used to predict

and describe tornado movements. Tor-

nadoes occur in association with

thunderstorm radar echoes, seen as

dark areas near the center of the map
(page 14 ) that depicts air pressure

and winds at the earth's surface.

i6

Notice that the thunderstorms occur

along the outer edge of a small high-

pressure area, and that near the storm

boundary the winds shift dramati-

cally. The shift line appears to sepa-

rate rain-cooled air from warm air

that has not yet been involved in the

storms. This may be the source of the

spinning motion needed to form a tor-

nado in air that is caused to converge

rapidlv at low levels and then ascend.

The surface weather map also shows

a cluster of weather reports from

southwestern Oklahoma. These data

are derived from stations maintained

by the National Severe Storms Lab-

oratory and co-operating observers

and enable us to learn more precisely

about weather configurations and the

forces associated with tornadoes.

At heights where the air pressure

is only about 500 mb., or one-half

that at the earth's surface, the low-

pressure area appears as a dip, or

trough (dratving, page 14). Thus,

lines of constant height where the

pressure is 500 mb. are shown just

one hour after the time shown on the

surface map, which depicts earth sur-

face conditions. The lower heights are

toward the north ; the solid lines in this

figure are analogous to the lines of

constant pressure on the surface map
and are nearly parallel to the wind

direction. Notice the difference of the

wind directions at the surface and

aloft, especially east of the center of

the surface disturbance.

Radar has been most helpful in

identifying and tracking torna-

does, and a tornado echo is shown on

page 15. The echoes come from the

precipitation-bearing parts of the

storms. As you can imagine, radar

data are also valuable for basic studies

of tornado mechanisms. At the Na-

tional Severe Storms Laboratory we

are developing some new Doppler

radars, with a hoped-for capability of

measuring the speed of tornado winds.

We expect that efforts to learn more

about severe storm mechanisms and

means to identify them accurately will

lead to improved weather forecasting

and warning systems. The control of

severe storm phenomena clearly in-

dicates the control of energies far

greater than those developed by man

for his ordinary—or even his extraor-

dinary—use. Man's ultimate ability to

exercise an appreciable control of

weather may, therefore, depend on

knowledge of means for modifying

the processes by which nature's sup-|

ply is utilized. An example of modifi-ii

cation is illustrated below. The latent

heat caused by fusion of condensec

liquid water is released when snow is

formed in supercooled clouds by th«

triggering action of dry ice or silvei

iodide. Thus, the relatively smal

amount of energy involved in the re

lease of seeding agents releases laten ,

heat that can raise the air temperatun '

through a large volume by about 2° F

The associated contribution to buoy

ancy may stimulate the growth o,

some clouds and hasten the dissipatioi

of others. However, no studies hav

yet determined if there are real pros

pects for directing severe storms b

this or other triggering processes usinJ

energies on a scale accessible to mar

<\,

jfcjj^Mttfe



ibirst complete view of world's weather was photographed by

Tiros IX. Mosaic is made up of 450 individual photographs.

Over three miles wide, this hole in supercooled cloud deck,

below, was created by using eleven pounds of CO2 pellets.
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Immature spadefoot is shown sitting

on a nickel. The adult of any species

seldom exceeds three inches in length.

Skin of spadefoot is thin and smooth,

moist, but not slimy. Toad is dry-land

animal except while courting or mating.

Unusual amphibian is equipped

It Could Be aTroad ••

By Aaron 0. Wasserman

THE spadefoot, Scaphiopus. is a bio-

logical marvel, seen only infre-

quently by the layman because of its

nocturnal and burrowing habits. Few
other amphibians can boast an ability

to remain literally buried in seemingly

powder-dry soil for such extended

periods of time. In the Southwest,

where upper layers of soil often be-

come a cement-like mass, extended

sieges of drought may imprison the

spadefoot several feet below the sur-

face for weeks or months at a stretch.

Rainfall in these areas frequently re-

sults in flash floods and rain pools the

size of ponds or small lakes. It is then

that the spadefoot emerges on a tem-

1

8

porary parole. In a few short hours it

must feed to store up food reserves for

the next "burial," and usually it breeds

as well. Its young must complete de-

velopment into tadpoles and transfor-

mation to young toads before the rain

pool becomes a mudhole under the

searing sun. While many amphibians

average two or three months to com-

plete this process, and some may take

years, Couch's spadefoot of the South-

west has been observed speeding from

fertilized egg to hopping toadlet in

nine and a half days.

Scaphiopus, the sole representative

in North America of the rather primi-

tive family Pelobatidae, resembles the

European spadefoot, Pelobates, after

which the family of some eight genera

is named. Other pelobatids are dis

tributed in North Africa, southeasten

Asia, the Philippines, and the Indo'

nesian Archipelago. Four species (am

several subspecies) of Scaphiopus oc

cur in the United States.

NOT only are "scaphs" unusual ii

habits and development; the

are unique in appearance as wel

When most people think of tallies

amphibians, two categories come t;

mind: a frog, with a thin, smooth, gen

erally slimy skin; or a toad, with

thick, rough, warty skin. Frogs ten

to be relatively aquatic, while toad*!'

do not. Spadefoot skin is thin ani

smooth, moist, but not slimy; spade

foots are strictly dry-land animals ex



jWith tubercles for burrowing

Maybe a Trog"
cept while breeding. Properly, per-

ihaps, they should not be referred to

las either frogs or toads, although gen-

erally toadlike features prompt most

people to call them spadefoot toads.

"Froad" or "trog" have also been sug-

|(gested, but only facetiously.

The easiest way for the uninitiated

to recognize a spadefoot is by its pupil,

which contracts to a catlike, vertical

slit in bright light. This trait is found

only in spadefoots and the tailed frogs

of the Pacific Northwest. All other

amphibians of the United States have

pupils that are round or horizontally

slit. The spadefoot's iris is a gold color

with black or brown veins.

The eastern spadefoot may reach a

maximum length of approximately two

and a half inches from snout to rump.

Couch's spadefoot is generally larger

and may exceed three inches.

On the tarsal segment of the hind

foot is a horny, black, cutting tubercle,

which gives the spadefoot its common
name. Shaped like a crescent or finger-

nail paring in some species, and some-

what like a lopsided fingernail in

others, the spade grows from the inner

surface of the foot, near the first (in-

nermost) toe. The spade of the eastern

spadefoot is approximately three-six-

teenths of an inch long and crescent-

shaped. Hammond's spadefoot and the

central plains spadefoot have a wedge-

shaped spade.

Similar spades are found in the

common toad genus Bufo. A smooth,

milky-white belly is characteristic of

all scaphs, while greens, browns, and

grays are dorsal colors, depending on

species and sex.

When handled, spadefoots will often

emit through numerous glands a sticky

secretion with a musty or garlicky

odor. Not a few people have found

themselves violently allergic to this

secretion. Sneezing, coughing, watery

eyes, and even skin rashes have fre-

quently been reported by herpetolo-

gists. Woe betide the unsuspecting soul

who rubs his eyes after handling one

of the animals. The reaction is fre-

quently an excruciating, burning sen-

sation, and the eyelids may actually

swell shut. This powerful skin venom,

which has apparently never been ana-

lyzed, has given potential predators

most unpleasant experiences, and

many animals will have nothing to do

with Scaphiopus after the first taste.

HOWEVER, spadefoots are not free

from predators. Hognose snakes

will down them with no apparent ill

effects. They have been found in the

stomachs of the checkered and black-

necked garter snakes. But probably

the greatest toll is taken in the larval

stage by such predators as water

beetles, snakes, and birds. Crackles

have been observed feasting on spade-

foot tadpoles stranded in drying rain

pools. What is not generally appreci-

ated is that occasionally, especially in

the Southwest, spadefoot tadpoles are

their own worst enemies, for they have

been observed to turn on their neigh-

bors (perhaps a brother or sister) and

engage in cannibalism. But second

thoughts suggest that in the face of

food scarcity, natural selection has

taken the course of insuring that a

few survivors are better than none.

Early accounts of these animals

gave rise to the belief that they are

rare, especially in the northeast. Thus,

in 1886 Col. Nicholas Pike wrote that

"even the most knowing, in nine cases

out of ten, will only find a Spadefoot

by accident." And Edward D. Cope

stated in 1889 that "This species [Hol-

brook's spadefoot], though so widely

distributed is seldom seen." Probably

they have always been as abundant as

other amphibians—perhaps more so—
but in view of their secretive and noc-

turnal disposition, it is understandable

that they would earn a reputation for

rarity. Yet, I have encountered Hur-

ter's spadefoots on east Texas roads in

such large numbers that they actually

19



Pupil of Scaphiopus eye contracts to a

vertical slit; most toads in the United

States have round or horizontal pupils.

Typical rain pools, such as this one

in a valley near Portal, Arizona, are

the breeding places of the spadefoot.

seemed to be carpeting the pavement.

Although spadefoot activity usually

increases during or after rains, indi-

viduals in milder regions of the coun-

try will often emerge to forage at night,

even when there has been no appre-

ciable precipitation for days or weeks.

A voracious feeder, the spadefoot will

take almost any animal it can seize,

overpower, and swallow. Probably the

item most frequently eaten by the

adults is the beetle. Other insects taken

include moths, flies, bugs, ants, wasps,

grasshoppers, and crickets. Spiders

probably make up a good portion of

their diet. Heavy rains usually drive to

the surface such burrowers as earth-

worms and beetle grubs, and these

soft-bodied delicacies are readily con-

sumed by spadefoots. Greater gluttons

among amphibians would be hard to

find; they often gorge themselves to

the bursting point. After feasting on

June beetles. Couch's spadefoot be-

comes a "butterball," so weighted

down it can barely hop.

SOUTHWESTERN and Florida spade-

foots are encountered with far

greater frequency than are their north-

eastern cousins. The latter probably

rely on fewer, but more productive,

feeding nights, which enable them to

build up stored food reserves in fat

bodies within the body cavity. These

must sustain them through the cold

winter months until the next feeding.

In the northern region of their dis-

tribution, the eastern spadefoot will

feed on most warm, moist nights from

spring to the first cold snap of autumn,

when insects disappear for the winter.

They will then bury themselves, not to

emerge for about five or six months.

At the end of its evening of feeding

the spadefoot will settle itself in a

likely spot, and with a few wriggling

or rocking movements of its hind feet,

it uses the spade to dig itself backward

into the ground. In minutes it is com-

pletely buried. Last to disappear are

the jewel-like, bulging eyes, which re-

main open until the last possible sec-

ond. As they are touched by the first
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soil particles, they shut tightly and

sink into their bony orbits. Digging

may continue, slowly submerging the

animal in a spiral that descends ver-

tically or somewhat diagonally for sev-

eral inches or up to ten or twelve feet.

All amphibians are dependent on

water or moisture for survival, and the

spadefoot is no exception. It will be

recognized that the habit of digging

enables the spadefoot to follow its

moisture downward in geographic

areas that are forbidding to most am-

phibians. The depth of the desert

spadefoot's descent is thus directly re-

lated to the depth of the uppermost soil

moisture. In many areas of the South-

west, where dry stretches may bake

the soil crust into a layer of extreme

hardness, the spadefoot takes advan-

tage of the burrows of other animals,

such as kangaroo and pack rats, and
occasionally turns up in the soft, moist

soil of a gopher mound.

A CTUAL holes or burrows of a per-

J^\_ manent or semipermanent nature

are not formed by most spadefoot

species. This is because the soil crum-

bles and collapses about the animal as

it digs itself deeper. Only in the de-

ciduous forests of the southeast does

the eastern spadefoot form a perman-

ent or semipermanent burrow with a

mouth opening. Elsewhere, it is vir-

tually impossible to detect or recognize

the scant surface mounds of a fresh

spadefoot excavation. Night after

night these animals occupy the same
burrow, often feeding from the en-

trance-way without venturing out. A
headlight will hypnotize them, and the

observer can usually spot them by the

dull, pearly-red glow of their eyes.

As the scaph stops its digging,

breathing movements of the throat

and flanks become less numerous and

somewhat irregular until they cease

altogether. Internal activity slows to a

bare minimum and respiration occurs

entirely through the skin. Water is

stored in the urinary bladder and body

cavity; when available in the soil, it

is absorbed through a small patch of

translucent skin in the venter region.

Mating behavior and breeding are

invariably initiated by torrential rains,

provided temperatures are in the fifties

or higher. Southeastern spadefoots

often breed in late summer or early

fall during and after hurricanes. In

the Southwest, breeding aggregations

appear on warm nights during or im-

mediately following heavy rains, usu-

ally between March and September.

Brief showers of a half-inch or less will

bring desert spadefoots to the surface

to feed, but rarely to breed, although

a few males may be carried away in a

fever of excitement and begin to call.

It is only after a "gully washer" of

better than one inch, in which sizable

rain pools are formed, that breeding

activity is stimulated. Usually, the first

to arrive at the pools are males, dis-

tinguished from females by the black

excrescence on the inner surface of

thumb and forefinger, and the bright

greenish or yellowish suffusions over

the solid back coloration.

Beginning a squawking or "yeowp-
ing" call that sounds somewhat duck-

or crowlike, first-arriving males attract

more males, until the chorus builds

steadily to a droning roar. The sound
of a full-blown spadefoot chorus is

weird, and may carry for distances up

to a mile or more. As each male calls,

his throat inflates to an enormous
white balloon. Typically, calling indi-

viduals swim or float, but they may
also call while sitting in shallow water.

GRADUALLY, females are attracted

to the chorus, and as they arrive

each moves toward the nearest indi-

vidual male call. Hopping or swim-

ming for short bursts, the female stops

—to take her bearings, as it were—then
continues on a corrected course. Gen-

erally, she moves in zigzag fashion

rather than in a straight line. When
she has reached the particular male
whose call attracted her, she will nudge
him on the snout or side of the body.

Until this physical contact is made, the

female may just as well be invisible

for all the notice taken by the male.

But at the instant he is touched, he

reacts with frantic intensity. He im-

mediately stops calling and attempts

to hug her. In the final mating posi-

tion, the male's forelegs are locked

with rigor mortis tenacity around the

female's pelvic region, and his chin

presses against the female's back. In

this entire mating procedure it is in-

teresting to note that the male remains

relatively fixed in position, while the

female makes the selection.

Of course, this is usual among frogs

and toads. Male spadefoots are indis-

criminate when attempting to pick a

mate (a trait they share with most
other amphibians). They are fre-

quently observed attempting to clasp

females of other amphibian species

breeding in the same pool, or they may
attempt to clasp a clod of earth or

Tracks around hole, above, are of predaceous birds. Ponds
begin to shrink rapidly in sun, leaving tadpoles stranded.

All animals that have not metamorphosed are trapped in the
drying mud; only a sudden rain will enable them to survive.
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manure, a twig, or, as happens occa-

sionally, another male spadefoot. This

latter eventuality is rectified when the

victim emits a warning or complaining

note, while languidly stretching his

hind legs. This always has the desired

effect, and the aggressive male desists.

THE intensity of the chorus abates

gradually as the couples pair:

eventually, the silence is punctuated

only by the occasional bleat of a lone

male. For a short time the clasping

pairs float quietly on the surface, div-

ing if danger threatens. When the

female is ready to lay her eggs, she

moves to shallow water. Passing a twig

or stalk of vegetation between her hind

legs, she produces a clustered mass of

eggs, which are fertilized in the water

as they pass the cloacal region of the

male. The eggs adhere to the vegeta-

tion, thus remaining supported close

to the surface, where they are assured

an adequate oxygen supply, and where

they will not be buried in the mud.

Moments later, a membrane surround-

ing each egg swells by water absorp-

tion, forming a protective capsule of

clear jelly around it. The eastern spade-

foot is capable of producing between

one thousand and twenty-five hundred

eggs. Although more than one breed-

ing has been recorded for a spadefoot

population in a year, it is still to be de-

termined whether an individual is ca-

pable of breeding more than once a

year. Pairs leave the rain pool and

separate after egg laying is completed.

By dawn it is difficult to find a scaph.

Depending on such factors as amount

of shading, cloud cover, and air tem-

Captive specimen of Scaphiopus couchi,

Ze/t, is shown burrowing down backward
into soft soil. Horny black spades on

animal's hind feet, above, are used in

digging, and give toad its common name.



peratuie, the shallow Avater of the rain

pool may become very warm during

the day. The higher the temperature

the more the rate of development and

growth of the embryo are accelerated.

Couch's spadefoot of the Southwest

often develops in exposed rain pools

in uhich the water may be almost hot

to the touch. In these, egg cleavage and

development take place, and eventu-

ally a black larva is produced. It is

some 6 or 7 mm. in length, and hatches

from its jelly capsule about 30 hours

following fertilization. Feeding on

vegetation or whatever organic mate-

rial is available, the tadpole becomes a

bundle of activity that will only cease

with its death or transformation.

It is ironic that heat—the factor that

speeds its growth and development—

also rapidly shrinks the aquatic world

of the spadefoot tadpole. On several

occasions I have visited rain pools re-

duced to puddle proportions, and have

found seething masses of doomed tad-

poles. The more successful ones may
occasionally be seen emerging on all

fours, tripping with each hop on their

undiminished tails.

Upon successful emerging, meta-

morphic changes are completed

rapidly, and within a day or two the

young will resume feeding. Vora-

ciously, they will consume such small

insects as ants or beetles. At first they

depend on finding tiny holes in the

ground or in the shade of plants, but

in a few days digging activity in-

creases, and soon they are able to dig

as successfully as their parents. Growth

proceeds rapidly in the young spade-

foot, and an increase to half or two-

thirds of adult size in two or three

months is not unusual. By the first

heavy rains of the following year the

young scaph may be ready to breed.

Spadefoot is a voracious eater; here

one in a terrarium tackles a meal worm.
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MICA FLAKES REVEAL IIVIVER FORMS

by WIIVTON PATIVODE

icroscopists have long delighted in the

kaleidoscopic appearance of diverse spec-

imens rotated on the stage of a polarizing micro-

scope. This type of microscope illuminates an

object with polarized light—in which the vibrations

of individual rays occur in a single plane—and per-

mits observation through a polarizing film that

may be rotated to block or transmit the illumina-

tion. Wave plates may also be inserted in the opti-

cal path to produce color by retardation and wave

interference.

The pictures on the facing page are photo-

micrographs of tiny inclusions of various minerals

found in mica. Their shapes were fixed by natural

geologic processes deep in the earth, and their

colors produced by careful alterations of the white

light with which they were illuminated for photog-

raphy. To a petrographer or mineralogist accus-

tomed to using the polarizing microscope, the colors

and forms convey information about the atomic

structure of the crystals. To the layman they are

fascinating, baffling, and sometimes disturbing phe-

nomena—as if nature had taken up abstract art.

Such spectacles are no longer limited to profes-

sionals or those fortunate amateurs who can use

expensive precision instruments. Excellent simple

microscopes, polarizers, and wave plates are now
available at low cost from dealers in laboratory and

school supphes. Full instructions for producing and

using polarized light may be found in books rang-

ing from paperback handbooks to elementary and

advanced textbooks. Seeing some of the hidden

secrets of nature by polarized light is not only a

satisfying intellectual pursuit but an esthetic ex-

perience. If not a wedding, it is at least a dalliance

of science with the visual arts.

Mica is a particularly rewarding mineral on

which to begin to explore polarization and light

retardation phenomena. It is a readily available

substance that can be stored indefinitely, and it is

rich in a variety of crystalline inclusions. The
transparent layers are quickly and easily separated

to flat, rigid flakes of appropriate thickness for

examination. No further preparation is necessary,

and if so desired, hundreds of specimens can be

examined and sorted in a matter of a few hours.
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Evolution of the Web
Spider silk may first have been used only as covering for eggs

3y B. J. Kaston

W Then )fOU have seen a spider web,

W or brushed against one acciden-

ally, have you ever wondered how the

ihenomenon of silk use in spiders de-

eloped? Of course, we do not know

he entire story, but from the studies

:arried on by many observers, some

larts of the tale can be seen to fit into

. pattern. For example, some spider-

ings build snares that differ from

hose they construct as adults, and be-

:ause the webs of these youngsters are

;ss specialized, they more clearly

how resemblances to their ancestors'

lebs. Here is one clue to our recon-

truction of the story of web evolution.

Although only some spiders are web

luilders, all produce silk. Chemically,

ilk is a polymerized scleroprotein, and

hat of spiders varies somewhat in its

ihysical properties according to which

pf several glands produce it. These

;lands all lie in the abdomen, and the

ilk is emitted through ducts that dis-

harge onto small appendages known
s spinnerets, located at or near the

losterior end of the abdomen, just in

ront of the anus. Most spiders have

hree pairs of spinnerets, provided

dth many small spinning spools and

pigots of several kinds and sizes; the

ilk issues through their openings.

Spider silk is of two general types

-sticky and non-sticky. The non-viscid

s presumably the more primitive; it

s made by all spiders and forms the

tructural foundations of the webs,

/iscid silk is of two types, depending

ipon whether the maker belongs to the

ilcribellates or Cribellates—the two

najor groups of higher spiders. In the

Ccribellates, the viscid silk appears as

ticky globules along the fiber, but in

he Cribellates it is flocculent.

Cribellate spiders have special silk

;lands, with ducts opening through

mmerous fine pores onto the cribel-

um, a sievelike plate lying j ust in front

Sarden spider, Argiope aurantia. is

jsually in center of orb web's snare.

of the spinnerets. The cribellate spi-

ders also have, along the dorsal surface

of the metatarsal (the penultimate)

segment of the hind legs, a single or

double row of curved bristles, which

compose the calamistrum. This is used

to comb out the silk that issues from

the cribellum, thus forming the floccu-

lent threads. Ecribellate spiders lack

the calamistrum I as well as the cribel-

lum. of course), and their viscid silk

is deposited as microscopic globules

on dry threads (Natural History,

June-July, 1965).

Two theories have been proposed to

account for the evolution of silk. Since

spinning arachnids other than spiders

(the whip scorpions, false scorpions,

and mites ) have silk glands emptying

at the mouth region, it has been sug-

gested that spiders originally dis-

charged their silk in similar fashion.

The "spitting spider," Scytodes, still

retains this trait, flinging a gummy
material from its chelicerae. This is in

addition to the more usual spinning

apparatus that is used in producing the

egg sac silk. Besides ordinary silk, the

trap-door spiders use material from
their mouths to cement particles of

earth together to build their burrows.

According to a second point of view,

silk was originally excretory material

deposited behind as the spider ran

about, and in some way this became
the characteristic drag line that is

trailed after the spider. When one con-

siders the close proximity of the spin-

nerets to the anus and the way in which

some, like the ground spider Zelotes,

use excrement, in addition to silk, to

fashion egg sacs, this theory seems

plausible enough.

Spiders use their silk in many ways
other than for web building. One such

use—for covering eggs—suggests some-

thing about the evolution of the web.

All spiders, as far as is known, cover

their eggs with silk, and because mites,

whip scorpions, and false scorpions

also cover their eggs in this manner,

one line of thought suggests that spi-

ders first used silk to produce an egg

sac, and that the web itself later

evolved from a mass of threads dis-

tributed around the sac. While the

spider hid with its egg sac in a crevice

or hole, the silken drag line, which was
emitted as she moved about, formed a

lining for the shelter, and this even-

tually became tubular in shape.

Some spiders still build only this

little tube, in which they hide, while

others, in addition, have constructed

one or more flaps, or doors, from
which they can emerge to seize insects

that touch or pass the flaps closely.

There is a very primitive spider, Li-

phistius, that provides us with evo-

lutionary evidence of other spiders.

Its tubular, subterranean snare, from
which we can trace the cribellate and
ecribellate webs, shows us how the

next step has been reached. In addition

to a thin flap, or trap door, at the top,

and a smaller flap at the opposite end
to serve as an emergency exit, seven

long threads extend from the rim of

the upper aperture. Together these re-

semble radial threads of an orb web.

The further development of webs
may be shown with Liphistius at the

base and Cribellates and Ecribellates

radiating from it {pages 30-31 ) . Web
evolution in these two groups has pro-

gressed along similar, but independent,

lines—a phenomenon often referred to

as convergence.

In
general, the more primitive spi-

ders live in, on, or near the ground,

while the most highly developed iveb,

the cartwheel-shaped orb, is aerial.

Thus it is supposed that in the history

of web building, ground tvpes ap-

peared first and were later followed by
those constructed in space. The first

webs made by spiders were of non-

viscid silk, and the spider became
aware of the presence of an insect

when it hit the web and produced a

vibration. When viscid silk was later

added, the web also functioned in

trapping the prey.

The sequence in which an orb web
is spun has often furnished the ob-

server W'ith information that has been

used in setting up the still-hypothetical
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tree of web evolution. The account

that follows is based upon what is done

by a mature female, since adult males

often spin no webs and may even live

out their relatively short lives on the

web of a female.

The spider first ties together the

objects between which the web is to be

spun. This nearly always involves use

of air currents to carry the thread. The

spider tests the line emitted into the

wind to determine when it has stuck.

It then pulls this bridge line taut and

fastens it. The spider crawls across

the line, paying out a heavier thread

that will serve as the bridge line. It

then spins a frame consisting of foun-

dation lines, which, together with the

bridge thread, determine the plane of

the web. The next step is to put in the

radii, and in order that they may sus-

tain equally the stretching of the web,

they are connected by means of a few

complete turns, or laps, of a spiral

thread spun just outside the hub. This

area is called the attachment zone.

Once the hub and attachment zone are

completed, the spider spins a spiral

thread, starting at the end of the at-

tachment zone spiral and continuing

to the periphery, with turns as far

apart as the animal can stretch. The

scaffold spiral is temporary, and its

function is to hold the radii in place

during subsequent operations.

Now is begun the construction of

the actual snaring spiral of vis-

cid thread. This is always spun from

periphery to center, but stops some

distance short of the attachment zone,

leaving an area called the free zone.

The original scaffold spiral is cut

away, turn by turn, as the viscid spiral

approaches it. Once the catching spiral

is finished, the spider has only to make
a change in the hub. Some bite out the

threads from the center, so that the

hub becomes an open one. Others

cover the hub with a dense sheet of

silk. Some insert a band of silk above,

or both above and below, the center.

This "decoration," usually called the

stabilimentum, may be straight, zig-

zag, or, in some cases, circular.

Although we began the account of

the web's evolution with Liphistius, we
must remember that the early arachnid

from which spiders arose probably

possessed no silk apparatus at all, but

depended upon speed and agility in

hunting and capturing its prey. Pre-

sumably, there then appeared those

that used silk only to cover their eggs,

and representatives of this type can be

found today. Some mothers even carry

the newly hatched spiderlings on their

backs as they run about. But there

were those that hid with their egg sacs

in a crevice, which eventually they

lined with silk. This was followed by

the elaboration of a door with fibers

radiating from it. This entire bit of

history can be seen in one group—the

lycosids—which will be discussed in

conjunction with the Ecribellates.

Let us first consider the cribellate

line. We must conjecture that the earli-

est of these probably spun only some

sort of tube. In the European Eresus,

this tube is partly underground and

partly over the surface, with a small

sheet extending to one side. A larger

sheet is constructed by the members of

the family Psechridae. In the widely

distributed Amaurobius, the tube is

poorly defined, and there is a mass of

threads extending in all directions

from the lip. In Filistata, of warm
climates, the tube is better defined,

and the arrangement of threads ex-

tending from its mouth suggests the

regular placement of radii in an orb.

The situation is somewhat similar to

that seen in the web of Liphistius, but

the door to the tube is lacking.

In addition to the tubular portion,

the Old World Stegodyphus has lines

of silk arranged to resemble a sector of

an orb, and these lines are irregularly

banded with cribellar frets. Sybota, of

Europe, proceeds further; the tube has

disappeared, and the web, although no

longer on the ground, is not completely

in space, for the hub of the orb is

always attached to a supporting twig

or stalk. This would seem to be an

intermediate condition between Filis-

tata, whose web is entirely against a

solid surface, and Uloborus, whose

web is out in space. Another peculiar-

ity of the web in Sybota is that no

viscid spiral is spun; instead, the scaf-

fold spiral remains, and the cribella!

silk is fastened to frame threads anci

radii. Uloborus produces a full orb

with the sticky cribellar silk on th(

catching spiral, and with a stabilimen

tum. Yet only a scaffold spiral is founc,

in the web it spins as a young spider

thus indicating a link with Sybota

Here, nicely displayed, is one of thi

evolutionary clues.

The phenomenon of reduction is

again encountered in the webs o'

Hyptiotes and Miagram/nopes. We re

call that in Stegodyphus the web in

eluded a tubular portion and a portior

looking much like a sector of an orb

If we lift this sector away from thi

tube and suspend it in space betweer

twigs, we will have something resem
bling the web of Hyptiotes, the com
mon, triangle-web spider of the wood
lands. The web of the latter consisti

only of a triangular sector composec
of four radii, which converge at the

apex to form a single thread that is

fastened to a nearby twig. To capture

her prey, the spider, having fastenec

herself to the twig with a drag line

holds taut the single thread attachec

to the four radii and releases the ten

sion with a spring when an inseci

strikes the web. In the tropical stick

spider, Miagrammopes, all that re-

mains of Hyptiotes' sector is a singh

thread about a meter long. For some
what less than half its length, the

central part is covered with cribellai

silk. This single line likewise functioni

as a spring trap in exactly the same

way as that of its presumed evolution

ary predecessor, Hyptiotes. The spidei

releases the tension when some inseci

alights on the thread and thus entan

gles the prey.

The last group of Cribellates to be

discussed belongs to the family Dino
pidae. These uncommon spiders con

struct a rectangle or trapezoid of drj

silk, across which are spun a numbei

of bands of cribellar silk. The spidei

holds the resulting snare, 10—20 b]

15—25 mm. (or slightly larger), witj

its front legs. When an insect ap

proaches, the spider moves its fron'

legs apart, thus expanding the elastie

snare to between 5 and 10 times iti

original size, and may even hurl the

net over its victim. One can only con

jecture as to the origin of this device

Since the Ecribellates are more nu I

merous and variable than th(

,

Cribellates, the account of web evolu

tion in this group will be more lengthy



Here, too, we go back to Lipliistius

with its burrow. Many other spiders

live all their lives in such burrows,

with or without door flaps, and many
either live this way while carrying

their eggs, or place the eggs in such

silk-lined holes. Some go a step

further, extending the seven radiating

threads into a sheet around the mouth
of the burrow.

Present-day members of the wolf

spider family, Lycosidae, show all the

stages. For example, Pardosa is a

hunter, and even at the time of im-

pending motherhood roams the field

stalking her prey with her egg sac at-

tached to her spinnerets. Upon emer-

gence from the sac, her children make
their home on her back, where one

may see them clustered like a bunch
of grapes. Several of the Lycosa

species make use of a silk-lined bur-

row, but only at the time of egg laying.

Species of Geolycosa, on the other

hand, spend all their lives in such bur-

rows. It has been reported that some
wolf spiders, such as Lycosa aspersa,

even build doors for the burrows.

Pirata builds a tubular nest among
moss plants over water. Finally, Hip-

pasa spins a sheet of silk around the

entrance of the burrow.

The best-known of the tunnel build-

ers that fashion doors are the trap-

door spiders, members of the family

Ctenizidae. Some of these make thin

"wafer" doors at the top (again like

Liphistius) , often with another such

door at the entrance to a side chamber
below. Later, the doors were strength-

ened so they were thick and fitted like

a cork; they usually are held shut with

surprising strength.

Another line of descent led to the

typical tarantulas (Theraphosidae),

many of which have temporary or per-

manent, silk-lined, shallow burrows in

the ground. A few have become arbo-

real, while members of the closely re-

lated, tropical Dipluridae construct

sheet webs over the ground, with one

side fashioned into a funnel under a

rock or in a crevice.

Paralleling the evolution of the

theraphosids, ctenizids, and diplurids

is that of the group of so-called atyp-

ical tarantulas. These display an even

closer structural relationship to Liphis-

tius. Some, such as Hexura, of our

Pacific Coast states, run over the sur-

face of their sheet webs. Others include

the "folding door tarantulas," whose

burrows are closed with a door com-

posed of semicircular halves. And in

this group we have the purse web
spider, Atypus, whose web is a com-

bination of a subterranean and a sur-

face portion. First, the spider con-

structs a small horizontal cell—much
like that of a jumping spider—on top

of the ground, and from this it extends

the tube downward. It has been sug-

gested that the whole merely represents

an elaboration of the ancestral cocoon.

Returning to Liphistius, we recall

that a number of threads radiate from
the lip of the burrow. Some of the

more primitive spiders construct, in a

crevice of rock aboveground, a silken

tube with a similar arrangement of

threads radiating from the mouth, al-

though there is no door. Gradually,

by the addition of many more radial

threads, a kind of funnel was perfected

around the entrance of the tube. Thus
we have the kind of snare found in

Coelotes today. The extension of the

lower side of this funnel into a sheet

gives us the typical agelenid web.

An added refinement to the funnel

webs of many agelenids is the network

of irregular threads above the sheet.

This "stopping maze" catches flying

insects, causing them to fall on the

sheet, where the spider seizes them.

Let us now consider the ancestral

spider that hunted on shrubs and
herbage, and hung its cocoon among

vegetation while remaining on guard.

It seems reasonable to suppose that

haphazard strands crossed one another

at all angles, but radiated outward
from the vicinity of the egg sac. Little

by little, as the spider ran about trail-

ing its drag line, additional threads

were added around the egg sac so that

a simple meshwork web was formed,
much like that of long-legged Pholcus,

and some theridiids of today. A con-

tinuation of this running about could

give rise to the formation of a rough
platform or sheet. In time, some of the

spiders came to depend on the added
protection of cracks in bark, fissures

in rocks, and similar spots, so the eggs
were deposited in those places where
a retreat could be constructed.

Theridiid webs commonly appear to

be just a tangled, three-dimen-

sional mass of non-viscid threads, al-

though viscid silk is used in the swath-

ing film wrapped around the prey. But
it is now known that some members of

this family include a number of verti-

cal threads that extend from the sheet

to the substratum, and that these have
at the lower end a number of viscid

globules that can function in snaring
ants and other ground insects. A re-

duction in the theridiid web is shown
by Episinus of Europe. Here the sheet

and irregular mesh are absent, and in

effect the snare consists of only two
of these "gum-footed" threads con-

nected transversely above to present
an H-shaped appearance. The spider
hangs from the crosspiece by her hind
legs and holds her front legs down
along the vertical threads.

A still further reduction is that ex-

hibited by a New Zealand theridiid,

Vlesanis pukeiwa. Its web is made of

a single thread, part of which is cov-

ered with viscid globules. The spider

holds the thread taut, but jerks the

line to entangle insects.

Finally, at what appears to be the

end of the theridiid line of evolution,

a few have divorced themselves com-
pletely from silk as a means of captur-

ing prey. One example is Euryopis,

which has no snare at all but lives

under leaves and stones, having appar-

ently reverted to the free-running hunt-

ing habits of its distant ancestors.

Attention has already been called to

the spitting spider, Scytodes, which has

undoubtedly descended from ancestors

similar to those of Euryopis.

We have seen how a sheet web may
arise, and how in some cases the spider
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constructs a stopping maze above the

sheet. If no tube or retreat is present,

the spider lives on the sheet, hanging

upside down from its lower surface.

The typical web of this pattern is the

product of various members of the

family Linyphiidae. In Pityohyphantes

the web is a flat sheet spun between the

twigs of a shrub or tree. MicroUnyphia

makes a horizontal platform between

stems of grass, and spins a stopping

maze above it. Prolinyphia makes a

filmy dome, and Frontinella spins a

bowl-shaped web, with an additional

flat sheet below and a stopping maze

above. There is a tendency, especially

with the smaller members of the fam-

ily, for the web to show a reduction of

the tangles above and below the sheet.

This is especially the case in the ma-

jority of the Micryphantidae that have

taken themselves and their webs down

from the bushes to the ground, where

they spin delicate, small sheets across

depressions and irregular places.

The evolution of orb webs presents

the greatest difficulty, and the

question of how the elaborate method

of constructing one was acquired by

the ancestors of today's orb weavers

is not easy to answer. The ecribellate

orb weavers are very close morpholog-

ically to the Linyphiidae, and there is

some similarity in the appearance of

the webs too. Observations on the ac-

tual construction of orb webs indicate

that the spiral is spun from the center

out. This, then, is in effect the scaffold

spiral, although the turns are much
more closely set than is usual for such

a structure. It has already been pointed

out that in the webs of young Ulobo-

Tus, as well as adult Sybota, the scaf-

fold spiral is the only one in the snare.

It has been suggested that dome webs

of Cytophora and Allepeira might be

regarded as a stage in the evolution of

the orb. The snares of these spiders

have a stopping maze, the radii are

numerous, closely spaced and so

branched that the interval between ad-

jacent radii is only slightly nearer the

edge than the center. These character-

istics are considered primitive.

In the webs of the present-day silk

spiders, those giants belonging to the

genus Nephila, we still find branching

radii; also, the scaffold spiral is left

in the finished snare, the spider plac-

ing several turns of the viscid spiral

between any two turns of the scaffold.

A further characteristic that is consid-

ered primitive is the presence of the

stopping maze in the Nephila snare.

When this scaffold is lost as a per-

manent part of the snare, but the

stopping maze is retained, we advance

to the type of web made by many of

today's orb weavers, especially Mete-

peira and Argiope. Metepeira con-

structs its retreat within the maze, but

Argiope, the common garden spider of

America, is found in the center of her

snare, which is generally furnished

with a stabilimentum. Finally, the loss

of the stopping maze, or at least its

great reduction (the spider depending

on the sheet alone) leads us to the

typical snare made by the majority of

higher orb weavers.

But even here we have modifica-

tions, leading to several lines of further

evolution. One of the best known is

that in which the spider almost always

(Zygiella) , or very commonly (A'eo5-

cona) , spins an incomplete orb, omit-

ting the viscid spiral threads from one

sector. The spider makes loops and

swings back and forth many times in-

stead of going completely around the

web when laying down the viscid line.

Then the animal takes up its station in

a retreat off the web itself, but remains

connected to it by a signal thread ex-

tending from the hub and sometimes

virtually bisecting the open sector.

A second modification occurs in the

spider that bites out the ends of the

radii where they meet at the center, so

that an open hub results. Such snares

are built by Meta and Cercidia, by the

members of the Gasteracanthinae, and

by the Tetragnathidae. The gaster-

acanthines make close-meshed webs

w ith many radii and spirals, while the

webs of the tetragnathids have few

radii and spirals and are thus open-

meshed. Moreover, the latter are hor-

izontal, a condition considered more
primitive than the vertical. A reduc-

tion has occurred with the genus

Pachygnalha, where no web is spun,

although the spiderlings build snares.

A third modification is seen in the

Theridiosomatidae. The snare of the

ray spider, Theridiosoma, was first de-

scribed by H. C. McCook, one of the

most outstanding American students

of spiders during the nineteenth cen-

tury. This spider spins a reasonably

typical orb with a meshed hub and
several turns of thread in the attach-

ment zone. It then bites these out so

that the finished web has no hub or

attachment zone, and the radii are re-

arranged to radiate from, and con-

verge upon, a point near the center.

These rays, coming from four or five

main divisions, join to form a trap line

attached to some nearby twig. The spi-

der stations itself on the rays at the

center and pulls the orb into the shape

of a cone or funnel with its greatly

thickened legs. The web is held taut,

but the spider releases the tension

when an insect touches the snare; the

resulting spring action ensnares the

prey more firmly. Here, then, is still

another example of the spring web, al-

ready discussed for Hyptiotes, Mia-

grammopes, and Ulesanis.

The fourth and final modification

is the loss of the orb-making habit in

certain genera of the subfamily Aran-

einae, and the substitution of other

techniques for obtaining prey. Perhaps

the most remarkable of these is the

bolas-throwing behavior of Maslo-

phora in America, Dicrostichus in

Australia, and Cladomelea in South

Africa (Natural History, April,

1947) . These spiders sit on. or suspend

themselves from, a twig. They hold a

thread, on the lower end of which is

attached a sticky globule of silk, and

fling it at passing insects. In Clado-

melea the bolas is held by a hind leg

and whirled rapidly in a horizontal

plane. In the other two groups, the

bolas is held by a front leg and is not

whirled. Just how this behavior evolved

from ancestors that undoubtedly were

orb weavers, I cannot guess.

Another Australian spider, belong-

ing to the genus Celaenia, is known to

feed solely on night-flying moths,

which it catches without the aid of

either orb or bolas. From the pub-

lished accounts it would appear that

while the adult spiders wait in ambush
and seize the moths by a lightning-

quick movement of their legs, the

spiderlings seem to construct snares.

And so again we see, as with Pachy-

gnalha and others, that the young re-

vert to the habit abandoned by their

adults. We find a parallelism for the

structures built by the more primitive

spiders [Liphistius, trap-door spiders,

diplurids, tarantulas, etc.) and the

more advanced (so-called true spi-

ders), and again between certain Cri-

bellates and certain Ecribellates. We
also find parallels among much more
closely related members of a large

family group, such as the members
of the highly advanced orb weavers.

Another orb weaver, Metepeira, makes t'

its retreat within the stopping maze.
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SKY
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This year earth passes through

Saturn's ring plane three times

By Thomas D. Nicholson

SATURN has not been a conspicuous object in our sky of

late. Last year, at opposition in September, it was an

obscure object even among the faint autumn stars. Con-
tinuing as an evening star until late February, Saturn was
in conjunction with the sun on March 10 and is now, in

early April, beginning to appear as a morning star. This

year, however, as it goes through its cycle as a morning
star in spring and summer, opposition in mid-September,

and an evening star in autumn and winter, it will be even

fainter than it was last year, for the edges of Saturn's rings
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will be turned to the earth three times, the first on April 2.

The rings of Saturn contribute significantly to the total

brightness of the planet as it appears in earth's sky. When
the edges of the rings are toward earth, the magnitude

of the planet at opposition is about -(-0.8, almost as bright

as the star Aldebaran in Taurus. At those times when the

rings appear open to their fullest extent, however, the

planet at opposition will have a magnitude of — 0.3,

brighter than any star but Sirius and Canopus. The rings,

in effect, nearly double the apparent brightness of Saturn.

Apart from their effect on the prominence of Saturn as

a naked-eye object, the rings add materially to its interest

as an object for telescopic viewing by amateur and pro-

fessional astronomers. When the rings are open, they can

be seen clearly with small telescopes or even binoculars.

When the rings are "edge-on" to the earth, they are far

more difficult—often even impossible—to see. Then they

appear as thin, almost threadlike, bright lines, sometimes

uneven in brightness and length, extending across, and

on either side of, the planet. When the rings disappear,

their shadow may look like a thin thread of black through

the otherwise bright planet. It is also at or near the time

of ring disappearance that Saturn's bright inner satellites

may be observed going through phenomena of transits and

occultations similar to those regularly observed in the satel-



lites of Jupiter. Many amateurs may feel the planet is a

disappointing object and ignore it, but the professional

planetary astronomer and the serious amateur will regard

1966 as a year of opportunity for watching Saturn.

The periodic appearance and disappearance of Saturn's

rings takes place in a cycle of about 29y2 years, the period

of Saturn's revolution around the sun. Saturn, like the

earth, rotates on an axis that causes its equator to be in-

clined to its orbit by an angle of 26.7 degrees. Because the

rings of the planet are located directly above its equator,

I
they are inclined to Saturn's orbit by the same amount.

AS Saturn revolves around the sun, it goes through sea-

sons very similar to the earth's because of the similar

inclination of their axes. The seasons are not accompanied
by the same changes we experience on earth, of course,

because Saturn is predominantly a gaseous world, nine

times larger in diameter than the earth, with only a small,

solid core of rock or metal— if it has any at all—buried be-

neath frozen gases tens of thousands of miles thick, sur-

rounded by a few hundred miles of vaporous atmosphere.

The sun will be located directly over Saturn's rings

when the planet arrives at what we might call its autumnal
equinox—when it is located about 354 degrees eastward

around the sky from the First Point of Aries (the earth's

Edge of Saturn's rings will face earth on April 2, October 29,

and December 17. Until June 15 (Saturn's autumnal equi-

nox) the sun shines on the north face of rings; after June 15,

the opposite surface of the rings is in the sunlight. The dia-

gram shows the orbits of the earth and Saturn during 1966.

vernal equinox) as measured at the sun. As seen from

earth, Saturn is then somewhere among the stars of

Aquarius or Pisces. When Saturn arrives at its vernal

equinox, halfway around its orbit, it is seen from earth

among the stars of Leo or Virgo. It takes Saturn about 15.8

years (somewhat more than half its 29.5-year period of

revolution) to go from vernal equinox to autumnal equi-

nox; from autumnal equinox to vernal equinox takes

about 13.7 years.

Consider how Saturn's revolution would appear if we

could observe it from the sun. When the planet arrived at

its vernal equinox, we would look directly down on its

equator and see neither face of the rings. Thereafter, as

Saturn moved eastward, the sun would shine north of Sat-

urn's equator (since the northern spring and summer fol-

low the vernal equinox), and we would look down on the

sunlit, northern face of the rings until the sun was 26.7

degrees north of Saturn's equator. That would be the be-

ginning of the northern summer on Saturn. We would con-

tinue to see the north face of the rinas until the autumnal
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DEC. 17 NOV. 23 OCT. 29 JULY? JUNE 15 MAY 24

SATURN'S EQUATOR

(PLANE OF RINGS)

Positions of the earth (curved solid line) and sun (straight

dotted line) are shown in degrees north and south of the

plane of Saturn's equator and rings. Dark areas show period

when earth and sun are on opposite sides of Saturn's rings.

equinox, which occurs this year on June 15. Then we would

see neither face of the rings because we would again be

over the planet's equator. After the autumnal equinox, when

the sun shone over the southern hemisphere of Saturn, we

would see the sunlit southern face of the rings until the

beginning of winter, when the sun was 26.7 degrees south

of Saturn's equator. Later we would still see the south face of

the rings; they would be narrowing continually until they

were edge-on and directly over the equator again in 1980.

The view of Saturn from the sun would be nearly the

one we have from earth, except that we are separated from

the sun so that we actually see Saturn from a varying posi-

tion. In other words, as Saturn approaches its autumnal

equinox on June 15, 1966, the earth will arrive in the plane

of Saturn's equator at a time different from the sun. Be-

cause the earth's motion around the sun is so much more

rapid than Saturn's, we can cross the plane of Saturn's

equator three times while the sun does so once. Each time

we cross over the planet's equatorial plane we will be look-

ing directly at the edges of the rings.

THE three passages of earth through the plane of Saturn's

rings this year are explained by the illustration on the

preceding pages. As Saturn slowly approaches its autumnal

equinox" (at the rate of about one degree of arc along its

orbit per month), its equatorial plane (and the plane of

the rings) begins to sweep across the earth's orbit in early

January. The earth, at that time, has just passed its winter

solstice, at nearly the opposite part of its orbit, but is mov-

ing rapidly toward the advancing ring plane, from Saturn's

north to south, even though the sun shines on the north

side until June 15. After crossing through the plane of the

rings, however, the earth swings round its orbit and, after

June, begins to catch up to the ring plane again. The earth

overtakes the plane, and on October 29 crosses from south

of the rings to north again, although the sun has been

south of the rings since June 15.

The earth rapidly moves away from the ring plane after

October 29, but the direction of the earth's motion now

takes it away from Saturn itself. The earth swings round

to approach Saturn's ring plane once more just before the

plane moves off the earth's orbit. On December 17, the

earth again crosses from the north to the south side of the

rings. Thereafter, both sun and earth remain south of

Saturn's equator until the planet's vernal equinox, more

than 13 years from now, in 1980. The last triple passage
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of earth through the ring plane occurred in 1920-21; at

the next two equinoxes (in 1980 and in 1996) earth will

pass through the plane thrice each time. This year, Saturn

will still be near conjunction on April 2, the first time we
pass through the plane. On the later passages the planet will

be past opposition, but in a good position for observing.

The changes that should occur in Saturn's appearance

this year are illustrated on pages 36-37. As the earth ap-

proaches the plane in April, the rings, still illuminated on
the north side by the sun, should appear as a thin bright

line on either side of the planet. On April 2, when they are

exactly edge-on, they should disappear entirely, and the

only sign of their presence should be their thin, slightly

curved shadow on Saturn itself. After April 2, the sun will

still be shining on the north face, so that in theory the

rings should not be visible from earth. But a triple pas-

sage through the rings in 1907-8 demonstrated that the

dark side of the rings can be seen, although they are some-

what pale and dusky in hue. There may also be local con-

densations of brightness in the unilluminated rings, spe-

cifically two bright areas on each side of the planet.

The phenomenon of the dark rings will last until June

15, when the sun begins to shine on the south side of the

rings. From then until late October they should have their

usual appearance, although they grow very thin toward

the end of the period. The rings will again be edge-on, and

will disappear entirely on October 29, when the earth

crosses over to the dark northern side once more. Finally,

the earth will recross the rings on December 17, over to

the sunlit south side, and the rings will continually widen

and, thus, brighten for the next seven years.

The source of light on the dark face of Saturn's rings

has been explained as sunlight reflecting from Saturn to

the shadowed rings, as sunlight filtering through the rings

themselves, or as fluorescence from the material of the

rings. None is a completely adequate explanation, how-

ever. Similarly, the bright areas seen amid the dark rings

when earth is on the shadowed side have never been well

accounted for. But, after all, these phenomena of the dark

rings have only been observed twice in the past century.

It has been forty-five years since we had the opportunity

of seeina; Saturn's rings under these unusual circumstances.

Dr. Nicholson, the regular author of this column, is also

Chairman of the A-Merican Museum-H.wden Pl.\netarium.
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Covered courtyard, above, is located at Mexico
City's National Museum of Anthropology.

Figures on high stools, as one at right, are rare.

Left hand is holding a bag for copal incense.

Clay Sculpt F Jure x^rom lama
ISLAND BURIAL SITE YIELDS MAYA TREASURES

By Luis Aveleyra Arroyo ae Anda and Gordon F. Eknolm

J aina (pronounced HV-nah) is a small, low,

mangrove-bordered island lying just off the gulf

coast of Mexico, thirty miles north of the city of

Campeche. Roughly a square mile in size, it is

separated from the mainland of the Yucatan
Peninsula by a channel about 150 feet wide.

Unimpressive in size and appearance as it is,

Jaina is a world-renowned archeological site of

the ancient Maya, and is specially famous as

the source of great numbers of those minor
Maya masterpieces known as Jaina figurines.

These beautifully executed little figures of the

Mesoamerican Classic Period have been recov-

ered from innumerable burials that are found

there, for the island is a great cemetery of sim-

ple, shallow graves in which pottery vessels and
ornaments, in addition to the figurines, were
placed with the bodies. The island is unique

among Maya sites, for even in those that boast

magnificent buildings and great stone sculp-

tures, graves are not often discovered, and com-
plete clay figures are rarely found. More well-

preserved Maya figurines have come from Jaina

than from all other Maya sites combined.

Despite its archeological riches, Jaina has

been little known to the archeologist. Although

hundreds of the figurines can be found in muse-

ums and in private collections, they have, for the

most part, been excavated by illegal diggers and

disposed of through commercial channels. This

grave looting has been going on for a long time;

the French explorer Desire Charnay, who in the

1890's provided the first published account of

Jaina archeology, reported that the island was

then being dug into by treasure hunters. Un-

doubtedly this has continued intermittently, but
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the phenomenal growth of interest in pre-

Columbian art during the last thirty years has

caused an acceleration in the ransacking of the

island by commercial diggers.

It may seem strange that Jaina has received

so little archeological attention in the past, but

it must be remembered that it is only one of a

tremendous number of Maya sites, and that

many major problems of Maya archeology can

be attacked in other places to greater advantage.

Jaina has also been a difficult place to reach and

to work. There are no roads by which one can

approach the island by land, the most feasible

route being by canoe from Campeche. All

drinking water and other supplies must be

brought in the same way, although one could

depend for food on the plentiful fish that are

easily caught in the vicinity. Despite its inacces-

sibility, several groups of Mexican archeologists

investigated the site for short periods in 1941-

42, and later in 1947 and 1957. but all were

working with limited facilities and personnel.

The most recent expedition to the island,

and the one that has accomplished the most ex-

tensive work there, was a by-product of the plan-

ning and building of the magnificent new Na-

tional Museum of Anthropology in Chapultepec

Park in Mexico City. The museum was an all-

out effort by the Mexican government to estab-

lish a new and adequate center for its extraor-

dinary archeological treasures and for studies

relating to the country's many native Indian

groups. Architect Pedro Ramirez Vasquez, de-

signer of the new building and head of the coun-

cil created for planning the museum, realized

the need to enrich the collections. He helped to

send out several archeological and ethnographic

expeditions to make possible full coverage of

all aspects of Mexican anthropology.

J aina was an obvious choice as a source for

enriching the museum's exhibition materials,

and the expedition sent there remained in the

field from mid-April to mid-June of 1964.

Equipment and supplies, a powerful motorboat,

and a barge were provided. A modern camp was

established by setting up several prefabricated

steel structures and by constructing large water-

storage tanks. The installation, which has ac-

commodations for fourteen persons, includes a

kitchen, dining room, laboratory, and store-

rooms, and was designed both to accommodate

this expedition and to be a permanent structure

for future use by archeologists. It also furnishes

quarters for the guards who remain in residence

to protect the site from further depredation by

clandestine diggers.

The expedition was conducted by the arche-

ologists Roman Piiia Chan, who was in direct

charge of the field activities, and Luis Aveleyra

Arroyo de Anda. at that time Secretary General

of the museum planning council. Two physical

anthropologists, Roberto Jimenez Ovando and

Sergio Lopez, collaborated in the excavations

and undertook the preservation of skeletal mate-

rials. Fifty laborers were hired for excavation

work; twenty others were employed as cooks,

fishermen, and administrative and maintenance

personnel. With this staff it was possible to ex-

cavate extensively at several places on the island.

N,early four hundred burials were methodi-

cally explored during the season. They provided

an invaluable corpus of information on burial

customs, and the largest and most spectacular

collection of figurines and other objects, as well

as osteological materials, ever gathered at Jaina.

This great amount of excavated material awaits

detailed classification and study, and should re-

sult in a new understanding of the sequence of

grave and artifact types and of the history of the

site's occupation. It is most important that pre-

cise information on the associations of various

types of objects in graves will now be available.

The people of ancient Jaina deposited their

dead directly in the ground, the body either ex-

tended full length or, more frequently, in a

flexed or natal position, with knees drawn up

to the chin. In nearly every instance a heavy tri-

pod ceramic bowl was inverted, as if protec-

tively, over the head. In some cases the body was

painted red with iron oxide, indicated by rem-

nants of this durable paint adhering to the

bones. Occasionally a jadeite bead was placed

in the mouth. Many kinds of funerary offerings

are found with the skeletons, including pottery

vessels of various kinds, ornaments and neck-

laces of stone and shell, and generally one or

more of the terra-cotta figurines that have made
Jaina so justly famous—the latter usually on the

body's chest or arms. The infant dead were

placed inside large pottery jars with inverted

tripod bowls serving as lids. Many of the finest

figurines were found with this type of infant

burial. The skeletons at Jaina indicate that these

people followed the usual ancient Maya custom

of deforming the skull—a method of modifying

the shape of the head by the application of pres-

sure during infancy—and that tooth mutilation

was in vogue. The incisors were filed in various

ways; sometimes their outer surfaces were in-

laid with small disks of iron pyrites or of semi-

precious stones.

The quantity of graves on the island is nearly
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Unusual standing figurine, above, has a detachable

headdress. Clothing of the woman, below left, probably

denotes high rank; figure at right has movable arms.
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unbelievable, for while working in only rela-

tively small areas the expedition excavated four

hundred of them—a number limited only by the

time available. Considering the large areas still

untouched, it is conservatively estimated that

there must be more than 20,000 burials still re-

maining. This is most remarkable in view of the

large numbers that must have been rifled over

the years by the treasure hunters. To everyone's

surprise, however, these grave robbers have

been able to accomplish only minimal damage,

simply because of the incredible volume of ma-

terial available.

The figurines that appear in the burials are

of great variety and of extraordinary interest.

Most of them represent human beings in cere-

monial regalia, much like the figures on Maya
stone monuments. There are warriors, ball play-

ers, priests, and perhaps deities dressed in robes

and high, elaborate headdresses, decked in all

the symbolic accouterments of their religion.

There is far more freedom of representation,

however, than was apparently allowed in the

supposedly stricter conventions of stone carv-

ing, and we find realistically modeled animals

and men and women in a variety of poses, often

simply dressed and occupied with what can only

be described as everyday activities. A great

many of the figurines accent the more human
qualities that are usually absent in Maya art.

The figures are made of a fine clay, fired to a

light tan or pink color. A majority of them are

moldmade by the use of a single-piece mold that

served to fashion the entire front surface. The
back was probably applied when the front was

still in its mold by fitting onto it a thin sheet of

clay and welding it around the edges, leaving

a hollow interior. Often there were pellets of

clay left inside this hollow to make the figurine

into a rattle, or in some cases, cuts or perfora-

tions transformed it into a whistle. Other figures

were made entirely by hand modeling, or the

faces were moldmade while the bodies and head-

dresses were individually modeled and attached.

The figurines were often covered with a white

slip—an over-all coat of liquid clay—before fir-

ing, and then were painted with brilliant colors.

These colors are often preserved and add greatly

to the beauty of the objects.

I t is the hand-modeled pieces that are the high

point in Jaina figurine art. Here the artist could

develop his forms with great freedom—as is ap-

parent in some of the examples illustrated here.

It is easily understood why these figurines are

the most coveted by collectors and museums.

Certainly they compare favorably in interest

Area that once was Jaina's ceremonial plaza

is delimited at eacJi end bv high structures.

and esthetic quality with the elaborate Tanagra

figurines of Classic Greece or the best of the

clay sculpture of early Egypt or China.

Jaina has become so famous for its burials

and its figurines that little attention has been

paid to the fact that the island also supports a

good-sized Maya ceremonial center. There is a

large plaza surrounded by a number of mounds,

and preliminary tests have shown that these con-

tain temples and other buildings in which there

are indications of several phases of construction.

There are two higher mounds, known as the

Zacpool and the Zayosal, that must have been

the principal temples, the larger Zacpool being

about sixty feet high. There are few standing

walls, however, and nearly all of the buildings

have been divested of their stone facings. Some

time earlier in this century the island was occu-

pied by an industry engaged in the burning of

lime, with the ruins serving as convenient quar-

ries. Limestone was available in small-sized

pieces that had been used in the ancient build-

ings. The burning of limestone to produce lime

was facilitated by the fuel at hand in the man-

grove wood that could be cut on the island or

along the shore of the mainland.

It is difficult to know just how to interpret

the archeological remains of Jaina. While this

location on an island could mean that it was a

fishing and perhaps a trading station for coastal

canoe traffic, it is unlikely that these were its

primary functions, because of the presence of

the ceremonial buildings and the extensive bur-

ial grounds. It appears more probable that Jaina

was, at least in part, a kind of mecca for the

deceased, and that the dead and perhaps the

dying were brought from the surrounding coun-

try of the mainland for burial in a place that was
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Usually one or more figurines are found in grave;

jade bead was often placed in mouth of the deceased.

Two figurines and broken pottery vessels are shown in

excavation as they were found with a skeleton.

This arrangement of a bowl over the skull, with a figure

next to an arm bone, is typical of Jaina graves.

thought to be specially sacred or favorable. This

would be consonant with practice in other areas

in Mesoamerica where special reverence was
seemingly accorded to particular bodies of water

or islands. Such a hallowed site is the sacred

cenote, or natural well, at Chichen Itza, famous
as a place of sacrifice. Evidences of similar rites

are found in the numerous ceremonial vessels

that have been recovered from Lake Atitlan in

Guatemala. We know too, from historical ac-

counts, that at the time of the Spanish Conquest,;

the Isla de los Sacrificios—in what is now thej

harbor of the city of Veracruz—was a place ofi

reverence, and that pilgrimages were made to

it from distant points. In a similar fashion, Jainaj

may have figured in a form of water cult that was!

of greater importance at an earlier date than it

appears to have been at the time of the Spanish

invasion. Whatever its function in Maya society,

Jaina was occupied only during the latter half

of the Classic Period and perhaps to some extent

into the Post-Classic. This would span the

period between the sixth and the tenth oi

eleventh centuries a.d.

D.'espite the recent studies, many questions

remain concerning the Maya occupation of the

site. It is uncertain, for instance, if the island[

is a natural formation or if it was built by man
There are some geologists who have suggested

the latter because the island is underlain by q

thick layer of white, sticky marl, perhaps comi

posed of what is known locally as sascab. Thi.''

is a soft, crumbly form of unconsolidated, lime)

material found in cavities in the Yucatan lime

stone and used by the Maya in their construc-

tion work. Certainly, huge quantities of lime

stone were brought from the mainland for the

construction of the buildings, and, if a gooc

portion of the island itself is artificial, Jaina saw

the expending of tremendous amounts of humar

labor. There are also traces of what might havt

been a stone bridge crossing the channel tha

separates the island from the mainland, but thej

have not yet been investigated.

Obviously much remains to be done at Jainf,

before all aspects of its culture are known anc

its role in the florescence of Maya civilizatior

is fully revealed. Through its miniature claj

sculptures, however, it has already provided

greater visual understanding of the appearanc(

and activities of the ancient Maya people thai

have the materials from any other Maya site

Great emphasis was placed on elaborate

headdresses, necklaces, and other ornaments.
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Against Killers
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Gulls protect themselves against ground and aerial enemies

By Hans Kruuk

OXE of the important components

of the theory of evolution is nat-

ural selection, which results in the

differential survival or breeding ad-

vantage of individual animals. And,

obviously, one of the most direct

means by which natural selection op-

erates is predation, which in a con-

sistent way leads to the destruction of

certain animals.

If predation is indeed important as

a selector, one would expect that

48 .

among the characteristics a species

acquires in its phylogenetic history,

the means of defense against potential

predators would be highly developed.

Thus, we have the basic elements for

an interesting interaction—the preda-

tor with its specific killing methods
and the prey with its defenses.

Some years ago, when I was work-

ing under the supervision of Dr. N.

Tinbergen in a large colonv of Black-

headed Gulls in the north of England,

we became aware of the possibili-

ties for a predation studv in such a

colony. Dr. Tinbergen reported i

Natural History, August-Septen

ber, 1963, how these gulls carry aua

the emptv eggshells after the chick

hatch, and that the main function c

this response was very likely proteC|

tion of the brood against predation b

crows and Herring Gulls. We als

found that they possessed many othe

protective mechanisms. On the othe

hand, we consistently found gulli

killed by foxes or other enemies, egg

taken, and chicks carried off. and

was clear that although the gulls ha
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some sort of defense, their predators
' managed to break through it. Through

fmy observations I became extremely

"interested in the gulls' antipredator

system as a whole, and decided to

make a study of it.

j

For a start, I split up the problem

I into a number of questions. First, what

are the enemies of the Black-headed

Gull; what are their methods of preda-

tion ; and how much damage do they

do ? Second, what are the gulls' reac-

itions to these different enemies? Espe-

cially, what is the effect of these reac-

' tions on the predators? Do they, in

other words, have survival value?

Sand dune peninsula on north England
coast is the nesting site for some 8,000

The colony of Black-headed Gulls

with which we worked is beautifully

situated on a sand dune peninsula in

the Irish Sea off the Cumberland coast

near Ravenglass. Although this spe-

cies habitually nests in marshes or on

floating vegetation and other inacces-

sible places, in this colony about 8,000

pairs nest on the dunes along the edge

of the peninsula. Fortunately, this

choice of habitat in Ravenglass makes

observations relatively easy. More-

over, the gulls' breeding sites are sur-

rounded by sand on all sides, pro-

pairs of gulls. A young chick, inset, is

easy prey for fox, crow, and hedgehog.

viding a marvelous opportunity for

studying the tracks of nocturnal visi-

tors to the colony. Apart from Black-

headed Gulls, the small peninsula also

accommodates many other species of

birds—there is a colony of Sandwich

Terns, dozens of oystercatchers rear

their young, and a number of other

species are abundant.

Several kinds of animals prey on

the gull colony, and I found it con-

venient to divide these predators into

four groups. The first two are aerial

predators, such as the Carrion Crow
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Preparing to flee from an aggressive Gull assumes a posture resembling one
member of the colony, Black-headed it shows when threatened by predator.

Dots represent order in which eggs

were taken from row extending inside

and outside the colony. Outside eggs

were usually taken first: bottom right

cluster shows that in thirteen cases

the egg in position I disappeared first.

and the Herring Gull, which may prey

'

on the brood, and the harriers and the

Peregrine, which may be a danger to

the adults. Then there are two groups

of ground predators: one includes

hedgehogs, which prey on the brood
only, and the other includes foxes,

stoats, and humans, which eat both

brood and adult Black-headed Gulls.

OF the aerial predators, the most

common in the Ravenglass col-

ony are the Carrion Crow and the Her-

ring Gull. Oddly enough, however,

although there are many crows on the

peninsula, we seldom saw them actu

ally disturbing the gulls. In fact, in

their flights about the peninsula they

sometimes make large detours around
the breeding sites. We found this con

trary to our expectations, as crows are

generally known to like birds' eggs

and chicks. But a simple experiment

soon showed what was happening. Just

outside the breeding area we made a

small "colony" of sixty gulls' eggs,

whose main difference from an actual

gull colony was the absence of adult

birds. Within a few hours, the crows

had cleared every egg from the artiii

cial colony. From a blind we saw that

predation was mainly by a few indi-

viduals that either ate the eggs on the

spot or carried them off to bury them
in the dunes. Thus it appeared that

crows can be a serious danger to the

gulls' broods by taking large numbers
of eggs in a short time (far in excess

of their immediate needs), but that

the presence of adult gulls on the

breeding sites deters the birds from

asserting this pressure.

Herring Gulls act quite differently

In Ravenglass, a few solitary pairs of

resident Herring Gulls breed among the

much smaller Black-headed Gulls, and

for a great deal of the breeding season

subsist mainly on Black-headed Gull

eggs and chicks. Especially around

hatching time, pairs of Herring Gulls,

can be seen circling over the breeding

areas, looking down, hovering, then

swooping into the colony in an attempt

to snatch away a young chick or egg.

They never cache their prey, however,

and in this way predation capacities of

Herrins; Gulls are much more limited

than those of crows. It was interesting'

that big flocks of migrant Herring

Gulls, usually immatures, stayed

around the Black-headed Gull colonies

without showing any special interest in

them, and fed entirely on mussels and-

crabs. Only the few resident pairs

1

1

)
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Carrion Crow, as name implies, feeds eggs. Because of gulls' defenses, the

mainly on gull corpses, but also eats crows seldom venture inside the colony.

Crow tracks are faintly visible near

shell of egg stolen from gull colony.

showed a feeding specialization to-

ward the Black-headed Gulls.

The manner in which the Black-

headed Gulls react to Carrion Crows
and Herring Gulls depends greatly on

the behavior of the predators—for in-

stance, whether they are flying, alight-

ing, or sitting on the ground. When
one of the predators flies over the

breeding sites, the gulls on the ground

beneath the flight path may fly up and
away, making a small circle in the air

before realighting on their territory.

They may also pursue the predator,

trying to seize it with their bills or

strike it w-ith their feet while uttering

their raucous "tremulous" call. Their

reactions to both predators are basi-

cally the same, although there are

clear differences. Some gulls usually

attacked the crows, but in more than

two-thirds of our observations the

crows managed to drive the gulls off.

Herring Gulls in the air, however, are

often ignored entirely ; only seldom do
the Black-heads attack them or flee

from them. As soon as either of these

enemies stalls in the air over the col-

ony, often the prelude to a descent, a

wave of tremulous calls goes through

the birds below and many of them fly

up toward the predator. H the preda-

tor then alights in the colony, the gulls

nearby react by repeatedly swooping

at it, often striking it with their feet.

We found that on the ground the Her-

ring Gull is attacked more frequently

than the crow, a pattern that was con-

firmed by experiments with mounted
models of both predators.

HAVING seen the few actual preda-

tion attempts of crows, the at-

tempts of Herring Gulls that so often

failed, and the complicated reactions

of the Black-headed Gulls, we wanted

to know if the differences in predation

success of crows and Herring Gulls

are caused by differences in their reac-

tions to the Black-headed Gulls, or by

variations in the reactions of the gulls

to their tormentors. I sought answers

to these questions by a series of ex-

periments that aimed at standardizing

the observations without interfering

too much with the natural situation.

Rows of ten eggs were laid out from a

point outside the colony to a point in-

side, with the eggs ten yards apart. By
watching from a nearby blind, I found

that these egg lines were heavily

preyed upon by crows and Herring

Gulls, especially in the time before the

gulls had themselves laid eggs. The
predators would discover the eggs,

and both species could be seen circling

over them for a short time, alighting

near one, eating it on the spot, or fly-

ing away with it.

But the outcome of such a predation

attempt was not always successful;

more often than not some Black-

headed Gulls attacked the predators

while they were alighting or after they

had reached the ground. In these

cases, the enemy might fly off without

taking the egg. I noted the sequence in

which eggs were taken by recording

the theft with a 1 if the egg was the

first one taken in an experiment, giv-

ing the next egg a 2, and so on. In
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plotting this, it was obvious that both

crows and Herring Gulls preferred to

take those eggs that were farthest away

from the breeding sites of the Black-

headed Gulls. I repeated the experi-

ment in the same place before the gulls

had arrived on their breeding

grounds, and at that time the eggs

were taken in random fashion. Here,

again, appeared the protective influ-

ence of gulls on predation.

Did the attacks of the gulls deter the

aerial predators? Every time a preda-

tion attempt took place, I recorded

the number of attacks made on the

predator and whether the attempt was

successful. A negative correlation

emerged between attack frequency

and predation success, so this was at

least part of an explanation: Black-

headed Gulls' attacks actually deterred

the marauders and appeared to deter

crows more than Herring Gulls.

Another category of aerial preda-

tor—raptors like the Peregrine and the

harriers—was relatively rare in the

Ravenglass colony. The gulls invari-

ably reacted to them by flying up and

away in dense flocks, zigzagging low

over the beach at great speed. I never

saw a gull attack a Peregrine, but

some gulls did pursue harriers. The

Peregrine is an especially large con-

sumer of adult Black-headed Gulls, but

will never take any broods. Birds such

as harriers do take young gulls, and

also present a great danger to the

adults. Crows and Herring Gulls only

endanger eggs and young. Comparing

the reactions of the gulls to Peregrines

and harriers with the relation between

Black-headed Gulls and crows or Her-

ring Gulls, we see the way in which the

gulls' behavior has been adapted to

cope with predation : they flee if a po-

tential danger threatens the adults,

and they attack if the enemies are after

the brood. This adaptation becomes

even more evident when we observe

the gulls in relation to the threat of

ground predators.

GROUND enemies were far more nu-

merous in Ravenglass than we
expected. Every morning the tracks of

six to eight hedgehogs were found in

the sands around the colonies, and

when I analyzed the feces found in the

tracks, it appeared that a good 30 per

cent of the hedgehogs' diet in this lo-

cation at this time of year consists of

eggs and chicks of Black-headed Gulls.

Gulls' nests often were marauded,

and hedgehog tracks told a clear story.
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Gi'LL, above, defends its brood against Hedgehog, below, is slow and small

hedgehog put in enclosure for study. but can eat many eggs and fledglings
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From our figures on the hedgehogs'

diet and their population size we esti-

mated that each season 2 to 3 per cent

of the gulls' broods in Ravenglass were

destroyed by hedgehogs. The ability

of the hedgehogs to deal with big gull

chicks was surprising. They sometimes

attack even fledged ones, which are

larger than the predator itself. The

hedgehogs seize these chicks while

they sit near their nests at night, and

post-mortems show that the hedgehog

grabs its victim anywhere it can with a

powerful bite, and then starts eating it

from the rear end. It sometimes eats

only the large preening gland of the

young gull, but usually it gnaws a hole

through the pelvis and eats the intes-

tines as well, sometimes leaving only

the head of the chick.

The hedgehog is nocturnal, and al-

though it cannot be called a quick

mover, it covers large distances during

foraging trips. This makes systematic

observations of their interactions with

ithe gulls rather difficult, and I found

that it was necessary to create a more

controlled situation. A large enclosure

was built inside the gull colony, in

which about twenty-five pairs of gulls

nested. A blind was placed at the edge

so that I could watch the nightly ac-

tivities of the hedgehog that also lived

inside the enclosure. As soon as it be-

came really dark, the predator would

emerge, and scuffle rather slowly

through the vegetation. It would ap-

proach the nest of a gull and, depend-

ing on the bird's reactions, either turn

back or climb on the nest (the owner

of which had by then jumped off) , and

I

start to eat the contents.

When one of the hedgehogs ap-

proached a nest, the sitting bird usu-

I ally started uttering tremulous calls

;

while the predator was still three to six

I feet away ; if the predator approached

;
nearer, the gull assumed a typical at-

l|! tack posture, in which head feathers

are raised, wings are lifted, and the

open bill points slightly downward.

The gull would then leave the nest,

' perhaps attacking the intruder with

pecks or short swoops, striking the

hedgehog with its feet and sometimes

its bill. Between the tremulous calls,

,
some birds utter the "kek" call, which

I is usually associated with fleeing be-

havior and these particular birds do

not attack the predator. It appeared

that these less aggressive individuals

are those that lose their broods to

hedgehogs—an example of selection

(
pressures at work

!

Display posture is part of a typical

courtship ritual. Other gull species

FROM an analysis of feces, we sur-

mised that as soon as the gulls

begin occupying the breeding colony

in early spring, they become an im-

portant item in the diet of foxes in the

area—up to 67 per cent of it in some
months—although the proportion of

rabbit still remains high. The abun-

dance of gull bodies is striking at this

time, and it is usually not difficult to

show that they have been killed by

foxes that then discard their victims

without eating them. From 1961 until

1963 a total of 1,449 adult gulls was

found killed, and portions of only

about 40 of these had been eaten (al-

though a number of gulls must have

been consumed completely without

any traces being found).

What is the function of this "surplus

killing?" Many authors have com-

mented on the foxes' habit of burying

food that is not eaten immediately and

their tendency to return to their

caches. In Ravenglass, however, only

a small percentage of the surplus kill

is cached, and there are few indica-

tions that foxes utilize these caches

(or any of their surplus kills) to any

extent. On the other hand, the gulls'

eggs are treated differently, and are

sometimes buried in considerable

numbers. Dr. Tinbergen found that

many weeks after the gulls had left the

breeding area foxes were still eating

their egg caches. We can only assume

that the surplus killing of gulls indi-

may employ a distraction display that

diverts predators from nesting sites.

Gates a mechanism that may be highly

adaptive when food is not abundant,

but that "misfires" in this context.

Foxes emerge, then, as the greatest

predators on Black-headed Gulls,

mainly because the number of birds

they kill is not limited by the quantity

they can eat. The manner in which the

gulls react to them is highly dependent

upon the time of day, the darkness of

the night, the behavior of the predator,

and so on. If a fox arrives in the col-

ony during the day, the gulls within a

hundred-yard area around the animal

desert their nests. Once the predator

stops, many of the gulls return, and

the deserted section shrinks to about

eight yards from the fox. Some birds

fly up and gather in a dense crowd

above the fox, uttering both the

aggressive tremulous call and the timid

kek call, and many of them swoop

down on the enemy. Rarely, however,

do they come near enough to hit it.

On moonlit nights the gulls' re-

sponse contains a much stronger ele-

ment of fleeing. They fly up at dis-

tances of several hundred yards from

the fox, flying high and not swooping

down at all: this behavior may be set

off by the reactions of other gulls to

the fox. On dark nights, however, the

gulls do not respond to the predator.

At these times the fox walks quietly

from nest to nest, killing its victims

and dropping them in the same place.

One night 230 gulls died this ^vay.
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GULLS KILLED PER NIGHT BY FOXES

Graph shows that foxes kill, on the

average, more gulls during a moonless

The effectiveness of the reactions of

gulls to foxes is indicated by the rela-

tion between visibility at night and the

number of gulls killed. The night on

which the 230 gulls were killed was

a moonless one, with heavy clouds and

rain. Fewer gulls were killed on clear

nights with a full moon—and often

there were no mortalities at all.

Stoats are known to prey on both

adults and broods of the Black-headed

Gull, and we often saw them near the

night than during one with full moon.
Amount of overcast is also important.

Ravenglass colonies. The gulls react

to them as they do to the fox, but they

fly up from shorter distances and flock

much lower over the stoat. When
swooping at a stoat they often hit it

with their feet, and this behavior is

so effective that stoat predation on
Black-headed Gulls is negligible.

The gulls' reaction to man is much
the same as their reaction to the fox,

except that they fly up in a slightly

larger radius around the human in-

vader. If a human carries a stick, the

'

attacks are less frequent and at a

greater distance.

To get more standardized informa-

tion on the gulls' reactions I used)

stuffed models of the most importanii

ground predators in several experi-j

ments. In this way it was possible tol

obtain accurate quantitative data that^

confirmed entirely the data I had col-

lected in the natural situation. Thei '

whole complex can be summarized as i

follows: individual gulls attack the

hedgehog most frequently and the fox

least frequently, leaving the stoat ir

an intermediate position. But they will

fly up for a fox and attack it over a

much larger range, so that at anj

point in the colony a fox receives more

attacks than a stoat, and a stoat re-

ceives more than a hedgehog. In the

same sequence, however, the vigor oi

attacks increases, and whereas £

hedgehog is hit or pecked often, the
,

attacks seldom come close enough tc

score a hit on a fox. Thus it is apparent

that the behavior against hedgehogs ii

mainly characterized by aggression,

but that fleeing elements become im,

portant in reactions to the stoat, anc.

even more to the fox and man—al ^

though they are also attacked.

This behavior can be correlatee



ith the importance of these ground

ledators just as it can for aerial

redators: hedgehogs are a menace to

lie broods; stoats could be a danger

D the broods and also to adults; and

oxes prey heavily on both adults and

roods. The gull defends its brood by

ggression, and defends itself and the

rood by a combination of aggression

nd fleeing behavior. It defends itself

lone (as against the Peregrine) by

ieeing. So the reactions to all preda-

ors seem to contain the same ele-

aents: fleeing and some aggression

re always present. The varying scale

if reactions to different predators is

irought about by the relative strength

if these elements in each behavior pat-

ern, and considered in this light, we
an see that the gull's behavior is opti-

nally adapted to deal with its enemies.

WE are at a point now at which we
must take into account many

)ther aspects of the birds' ecology. Its

behavioral antipredator system is only

complementary to its social nesting

labits, breeding synchronization, hab-

tat selection, and so on, and although

:;he direct reactions to the presence of

in enemy serve to influence the out-

:ome of a meeting with that enemy,

l:hese other aspects of the birds' natu-

ViCTiiM of a fox, this Black-headed
Gull was killed while it sat on its

ral history (and such mechanisms as

the broods' camouflage) serve to in-

fluence the chance of a meeting with

a predator in the first place. These

"direct" and "indirect" defenses in-

teract with each other, and we cannot

consider one without the other.

In the competition between prey

and predator, each species possesses

its adaptations and maladaptations.

Sandy nesting sites in Ravenglass,

in contrast to the gulls' customary

nest and then was left uneaten. On
a dark night, hundreds may be killed.

We realize that what we study of the

relations between these animals is the

outcome of a long process of selection,

but it is also a study of a process that

is still taking place. The animals' de-

fenses against killers are probably still

being perfected—and so. undoubtedly,

are the hunting methods of the pre-

dators. It is just one part of the cease-

less struggle for species survival.

habitat in marshes, allow predators
relatively easy access to the nests.
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The loneliness
of a little girl

Her name is Patricia Bright Eagle, a forgotten

child with a proud tradition. Patricia's home is
I

made of mud and sticks; her food consists mainly

of fried bread and corn.

Like other six-year-old children, Patricia
I

started school this year. It was a frightening

experience for her. Able to speak but a few words

of English, Patricia suddenly found herself in a

world where she became self-conscious and

ashamed of her clothes, of her name, of her

appearance... of herself. She stays aparf, bewil-

dered and lonely.

Patricia will soon learn to speak English, but

there are some things school cannot give her,

things that the other children have. She needs

new shoes, decent clothes, money for school

activities and school supplies—and for an oc-

casional luxury such as a bracelet or a small

toy. She needs the help of someone who cares...

someone to give her the confidence and assur-

ance she needs so desperately to participate In

voluntary school and community services.

If not you...who?
You—or your club or office group-can give

these things to Patricia or another needy Indian

child through SAVE THE CHILDREN FEDERATION.

Your contribution of just $12.50 a month will

provide a child with funds to buy suitable clothing,

books and a cash allowance for school activities.

You will receive a photograph, a case history,

and progress reports on the child you sponsor.

You may also correspond with the child, so that

your generous material aid becomes part of a

larger gift of understanding and friendship.

Won't you please help?

1
I

Founded 1932r

SAVE THE CHILDREN FEDERATION
j

Norwalk, Connecticut 06852
j

I
I wish to contribute $150.00 annually to help an

' American Indian girl n boy Q
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I $12.50 a month D $ 75.00 semi-annually D I

I
$37.50 a quarter Q $150.00 annually O

|

I I cannot sponsor a child, enclosed is a con- i

[
tribution of $

I Name
j

I Address I

City_ _State- -Zip No.-I
,.

I Contributions are income tax deductible. NH 4-6 I

I I
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fascinating experience you'll be talking

about for years. Or call (212) CO 5-1783.

Or ask your Travel Agent.

Yes, I want to make my next vacation
an unforgettable adventure. Send me
more information about fascinating Sur-
inam. And how I can get there for a
special budget price. nn

Name:

Address:.

City: _State_ _Zip Code_

Phone No.:. _My travel agent:.

New York Address: Executive House Hotels
630 Fifth Ave., New York, N. Y. (Room 1959)

Surinam-Torarica Hotel Casino
Another fine Executive House Hotel
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TRAVEL IFAR AND NEAR

LEITZ TRINOVID®

BINOCULARS
Some binoculars never let you forget they're

weighing you down. Not Trinovids. They fit com-

fortably in your jacket pocket (taking little more

room than your sunglasses). The popular 7 x 35

weighs only ISVi ounces. That's lighter than con-

ventional models of much lower power.

What makes Trinovid such a standout? Leitz, using

experience gained perfecting the renowned Leica®

cameras, designed Trinovid with a special prism

and an unusual arrangement of optical elements.

The result is not only leaner, lighter glasses, but

an image that is unusually clear and bright. At

1000 yards the viewing field of the Trinovid 6 x 24

is 212 yards wide—,

with 40% more area

than conventional

models.

Dustproaf and remark-

ably water resistant,

this lightweight is

good for a lifetime of

heavy duty. Choose

from 4 models, 6x24,

7 X 35, 8 X 32, 10 x 40;

Binocular Dealer.

TRINOVID USUAL GLASS

at your franchised Leitz

IRio Grande canoe trip

E. lEITZ, INC., 46t PMK tVENUE SOUTH. HEW VDRV, H.T. 10011

IBy Robert W. Schery

ABOUT 300 miles southeast of El Paso,

, Texas, a tortuous half-circle bend of

the Rio Grande marks the southern per-

imeter of Big Bend National Park. The
park is outstanding for its rugged beauty,

and is particularly remarkable for the

three major canyons that the Rio Grande
cuts along its 150-mile course from the

village of Lajitas, west of the park, to an

old suspension footbridge a fewmiles east

of it. A tremendous fault block, on which

is superimposed the results of volcanic

activity and mountain uplift, has sub-

sided more than 1,000 feet relative to sur-

rounding land where the river courses

across the park. At the edges, the Rio

Grande cuts through the sedimentary

layers of the escarpment making some of

the sheerest-walled canyons to be found

anywhere today. Particularly in Santa

Elena, the westernmost canyon, the river

runs between cliflfs that rise as high as

1,600 feet.

It was while canoeing this 150-mile

stretch that my son, Steve, and I and our

two dogs spent one of our more memor-

able Christmases. But it's not a vaca-

tion for the faint of heart, nor for one

unwilling to work hard physically. Self-

reliance is one of the principal ingredi-

ents, but in the remoteness of the Big

Bend country, the courtesy of ranger

radio communications makes it possible

to fit a wilderness outing to a schedule.

How does one get started on this sort

of adventure? It may be (as it was with

us) that a lad in his late teens reads

somewhere that someone surmises it pos-

sible to "run" a certain stretch of river

in a canoe. It's good winter talk before

the fireplace. You mumble something

about "Maybe next Christmas."

About Halloween, however, the lady

of the house reminds you that this "may-

be" has been taken as a promise. "Are

you making plans?" she asks. No one

you ask has even heard of the canyons,

much less canoed this stretch. So off goes

an inquiry to the park superintendent, as

well as other inquiries in search of a

canoe (a good one. but one sufficiently

beaten-up so that the loss will not be too

stunning if it doesn't get back).

Presently a letter arrived from the

park superintendent. "The use of canoes

is not recommended," he said, "however

their use is not prohibited. We do not

know of any place a canoe or other river

craft can be rented. ... To relay your

vehicle, it would simplify matters to have

your wife do this," and so on.

An enclosed information sheet wa;

scarcely more encouraging. "The Rii

Grande . . . borders the park for 10'

miles. ... It has carved three major can

yons which vary in depth from 1,200 l<

1,600 feet. The canyons are sheer-walle(!

and, once entered it would be impossibl

[Park Service capitalization] to get ou

of in the event of an accident. In certaii

locations there is considerable shallow

white water or rapids which can be ver,

dangerous to the novice." The canyon
were described separately: regardin:

Santa Elena—"Seven miles of the canyoi

are boxed in between sheer walls aver

aging 1.500 feet above the river level, i

difficult 2-4 hour . . . portage is require(

around a boulder slide located approxi

mately one mile within the canyon."

The information sheet then reconi

mended a rubber raft for shooting th

canyon waters. "Any type of rigid craf

is subject to damage from submergei

rocks, and there is a danger of breakin:i

up when the boats are slammed into th

rock walls of the canyons, due to cross

channel rapids. Canoes and similar craf

should be used only by the most expei

boatmen, as there is danger of capsizin

in the shallow, whirling, backlashin,

currents in some parts of the canyon;

We do not recommend the use of canoe

for canyon trips." (Again, the italics ar

those of the Park Service.)

Arriving at the Park

NEVERTHELESS, after much deliberal

tion my son and I decided to use a;

aluminum canoe. We picked one up iij

Missouri on our drive to Texas, and ou

party finally arrived at the park's nort

entrance. This was the beginning of

most gratifying experience with par

rangers and their willingness to accon

modate us. We told the ranger-in-charg

our intentions, and he wrote out a camj

ing permit and hauled out a desk-to
^

map. He had only been over parts c

this river route himself, and to th

best of his knowledge none of the rang

ers presently at the park had made th

entire swing in a single trip. He didn

even know for sure if a canoe had eve

made it. He thought it would take si
j

days from the upriver Lajitas embark;

tion (to which a passable road runs), t

the first possible fetch-out point belo'

the third canyon (recognized because c

an old suspension footbridge). We ai

gued that four days would be enough fr

the 150-mile trip, with any appreciahl
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Improve your appearance, strengthen arms and legs,

stimulate your circulation, and enjoy yourself.

j)19GS

By exercise. On the Exercycle.

This is real exercise. No coddling. No tickling.

No kidding. It's like swimming, golf, and tennis.

Like running, jumping, and walking. Collegiate

and professional athletes use the Exercycle to

help stay in condition and improve their game.

No matter what your age, you need exercise.

Especially on a regulated daily routine. Your

doctor will tell you this.

And we can tell you how you can get it: With

the Exercycle. The family exercise machine.

With an individually prescribed program of exer-

cises, every member of the family can get the

daily all-body exercise he needs. And in only

15 minutes a day. As hundreds of thousands of

people have discovered.

The only way you can find out about this

remarkable exercise machine is to fill out the

coupon and send it to us today. There's no obli-

gation. Just valuable free information.

Now, don't you feci better already?

EXERCYCLE CORPORATION



The Yashica J-5

Single Lens Reflex

. . . capable of the

most sensitive

photography—

with f/l.4

lens, Micro

-

screen view-

finder,

coupled CdS

meter, speeds,

to l/lOOOth.

1-5 with

DX/l.4,

under $225. 1-5 with

f/l.8 lens,under $175.

Lenses from 35 mm
to 800 mm.
Send for complete lens directory

YASHICA'
a YASHICA INC. 50-17 QUEENS BLVD..

WOODSIDE, NEW YORK. 11377

DEPT. Q

current in tlie river. He chivalrously con-

ceded, "You know canoes better than I

do." but did attach some conditions:

"After the first canyon. Santa Elena,

there is a village on the Mexican side

with a rowboat 'ferry' that takes Mexi-

cans over to the village of Castolon. about

a mile from the river. Would you kindly

walk up to Castolon and let the store-

keeper know you have gotten this far?

A peregrinating ranger stops in each

day, and will radio any intelligence about

you Lack to _park headquarters. The
service will wait an extra day; if you're

not out in two days, they'll start looking

for you upriver from Castolon. Heli-

copters can be called in, if it is really

thought necessary." With matter-of-fact

logic the ranger surmised, "If you get

through Santa Elena, we'll presume you

can make it. Mariscal and Boquillas are

not so tough."

Nevertheless, he recommended that

we also check with a ranger outpost some

seventy miles downstream just before

the beginning of the last canyon, Boquil-

las. "H you are not there within one day

of the schedule you set for yourself, we'll

look between Boquillas and Castolon."

Ranger Efficiency

SURPRISINGLY, with these arrangements

our trip worked out easily. In one

of the least accessible wildernesses in the

United States, we were still reasonably

in touch with the appropriate authori-

ties. From the Chisos Mountain Lodge,

where my wife and daughter spent a few

days enjoying the scenery, my son and I

were driven at daybreak to the Lajitas

embarkation, a distance of about fifty

miles. We paddled off immediately, and

except for a few minor mishaps in Santa

Elena, which slowed down the first lap

of the trip, we reported at each check

point more or less on time. Late in the

morning of the second day we reported

to the storekeeper at Castolon, and two

days later, seventy-five miles farther

downstream, we worked our way up from

the river to the Boquillas office. There

the ranger radioed our whereabouts to

headquarters and relayed the message to

my wife to meet us at the footbridge at

6:00 P.M. It was already nearly noon,

and twenty-three miles of Boquillas Can-

yon lay ahead, plus a half-dozen addi-

tional miles to the suspension bridge.

The ranger argued that we would never

make it by nightfall—but he was obvi-

ously thinking in terms of rubber rafts!

Sure enough, we first sighted the sus-

pension bridge at about 6:15, later learn-

ing that the pickup car had been on the

scene for exactly fifteen minutes. On
most occasions our family can't meet

with this precision on a street corner in

Columbus, Ohio; but thanks to the

rangers we managed it in western Texas,

separated by four days and 150 miles of

practically impassable country!

For your

pocket or purse

MAGNIFIER

Slip this cigarette-lighter

size 3-power magnifier into

your pocket and you're

ready for field trips, lab or

library. Lens slides out for

use, snaps shut for easiest

carrying by instant push-

pull action. Just $2.95.

For information on over 70 highest qualit)
magnifiers, write for Catalog 1-147. Bausch i

Lomb incorporated, Rochester 2, New Yorl<

BAUSCH S. LOMB (V

All-time favorite
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Swift's 7X,35 Triton gives you all the

power and brilliance of image you

need for. nature study- . . . plus a

good, wide field of view that makes it

easy to scan an area and follow small,

fast-moving wildlife. Close focusing

(infinity to 9 feet) lets you test your

skill at stalking, see nesting activ-

ities, etc. as if you were little more
than a foot away. Write for literature
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Portage and Swamped Canoes

cannot even attempt to describe the

canyons and the river scenery of that

anoe trip; and no suite in the world's

nest hotel can match a night's camping

n a Rio Grande sandbank between the

reat canyons of the Big Bend—even if

ne's duffel is wet. We upset four times

1 the course of the trip, although two

f the overturns stemmed merely from

ot minding our p's and g's.

As the ranger had said, the toughest

anyon was Santa Elena. Next time, I

,()uld probably park most of the duffel

t the Castolon store and pick it up after

?e have passed the canyon. It's no fun

iarrying the duffel over the vaunted rock

lide. The boulders are each as big as a

ruck, and one man must climb atop

nd the other boost from below to get

canoe up and over each one. Two hours

3 not too pessimistic an estimate for this

uarter-mile portage. Make it three trips

once for the canoe and twice for the

iuffel—heavy because of wetness), and

t can prove exhausting.

This particular stretch was our only

eally tough go. In the fast water just

bove the slide—into which the river

)Ours, sucking down most anything that

loats—we failed to make shore in time

vith a loaded canoe, and were swamped.

)f course the duffel was lashed in, in

upposedly waterproof sacks, but in the

ifteen minutes it took to work the water-

illed canoe back to shore, the duffel be-

i tame pretty well slashed in the current,

I mfortunately soaking our camera and

uining all our film.

Not everyone may want to canoe the

lio Grande, but the rewards of the wil-

ierness are certainly worth the effort.

3ig Bend is a land of many wonders. As
he Park Service brochure says, it "is a

vUd kind of scenery that is more like

hat of Mexico, across the river, than

hat of the rest of the United States. The
lesert is gouged by deep arroyos . . . that

;xpose colored layers of clay and rock ...

ugged mountain ranges, near and far,

give assurance that the desert is not end-

ess." And from the peaks of the Chisos

(which means "enchantment"), one will

ind few views more exciting than that

southward across the Big Bend into Mex-
ico—where it is said that "you can see

into the day after tomorrow." Fortu-

nately, the newness and remoteness of

Sig Bend National Park has so far

protected it from the heavy pressures

that so many national parks now sus-

tain. And I surely hope that this remark-
able park will be spared too many roads
and too many "improvements." To my
mind, it—and its rangers—are just right

as they are.

Dr. Schery, who is Director of The
Lawn Institute in Marysville, Ohio,
wrote the Kentucky bluegrass article
in Natural History, December, 1965.

QUESTAR RECORDS AN HISTORIC EVENT

This photograph of His Holiness, Pope Paul, was taken in St. Patrick's Cathedra! during his historv-
making visit to the United States. The picture is by Bill Sauro of the New York Herald Tribune, (he
distance 300 feet Jrom the rear of (he cathedral. Mr. Sauro tried to synchronize his Questar shot with
the electronic flashes of the press cameras, as they lit up the dark cathedral, and after a few fries ^ot
this perfect result. Our reproduction here does not begin to show the fine detail captured on the 35'mm. film.

To be able to carry a fuiiy-mounted astronomical tele-

scope to such an event and use its full powers not only to
bring the distant face seemingly within a few feet but to
capture it on film is one of the bonuses in owning a
Questar. This unique versatility provides constant delight
in general observing, over and above the thrill of turning
Questar's superb resolution on the skies at night. You
and your family can enjoy nature study, for example, by
bringing close the distant bird, flower or insect, or by
using the instrument at short range, as near as 8 feet, to
observe tiny detail in familiar objects. No other telescope
has the ability to focus at this distance. We once calculated
that a conventional refracting "scope of equal focal length
would have to be 13 feet long to work at 8 feet,

Questar is not only a great instrument for the hobbyist

but it fills many needs in the industrial and scientific

fields. We have mentioned in our advertising that it was
used on the Gemini 5 flight, but did you know that many
of the pre-launch shots you saw on television were made
with Questar? And if you have watched the televised
major league ball games or the Olympic skiing events, you
have seen many Questar closeup shots.

Questar has been called the instrument of many miracles.
The major miracle, of course, is the exquisite perfection
of the optics which permit such astonishing resolution in

an instrument that is a miniaturized \ersion of the con-
ventional long-tubed cumbersome telescope. The remark-
able system which adapts to this miniaturization and
permits the versatility of Questar is described in our 40-
page booklet, mentioned below.

Below is the Standard Questar which is fully mounted and requires no tripod. If is shown in its general
observing position with Nikon camera attached. Questar prices begin at $795. Inquire about our
extended />aynicn( plan.

SEND ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE IN NORTH
AMERICA. BY AIR TO REST OF WESTERN HEMISPHERE. $2.40. EUROPE
AND NORTH AFRICA, $2.50. AUSTRALIA AND ALL OTHER PLACES, $3.50.

TAR
50 NEW HOPE, PENNSYLVANIA
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ANTIQUITY GIFTS...

oladdln taoase, ltd»

520 Fifth Avenue, New York, N. Y. 10036

Vi BriLION YEAR OLD . .

.

Trilobites (extinct sea fossils). Deli-

cately sculptured with gemlike rich-

ness, the trilobites blend with silver

forming prehistoric Jewelry
Creations

!

EARRINGS
$9.95

PENDANT
57.95

COIN OF INDIA
The heavy silver coins of the

Shah Jahan Empire (1632-1653)
have been transformed into mag-
nificent handcrafted jewelry. This
famed Indian ruler built the Taj
Mahal, the worlds most sump-
tuous memorial to a beloved
wife. Coins of Shah Jahan,
historically symbolizing his

immortal love for the Em-
press Mahal, are now avail-

able as regal charms, pend-
ants Si. cufflinks. A gift truly
expressing eternal love!
Silver coin pendant ..,.$23.50

Silver coin charm $19.50
Silver coin cufflinks ....$28.50

Minlaiure OPIUM WEIGHTS
The sale of opium in 17th-19th Cent. Siam &
Burma was stale controlled. Used to weigh
opium, these stylized bronze lions, ducks &
elephants, handsomely mounted on walnut bases

(or lucite) are approx. Vz" to 1" high, weighing
approx. 2/5 to 1 oz. Useful & uniaue as paper-

sveights, they make an exotic addition to all

collections . . . a most inlriguing gift from the

Orient!
Opium Weight, '/»" high, walnut base $5.89
Opium Weight, 1" high, lucite base $9-50

ANCIENT EGYPTIAN OIL LAMPS
over 1700 Years Old

Ancient Egyptian oil lamps dating from the 3rd-
4th Century A.D. These select specimens fash-
ioned with various designs make unique archaeo-
logical display pieces for home and office. Lamp
on walnut base with parchment certificate of
authenticity $12.50

FREE Gift Catalog
. Illustrating: Crosses, Buddhas, Amulets,

Bronze Weapons, Lamps, Scarabs, Jewelry,
Figurines, Masks, Roman (^loss. Pottery, Coins,

Showabtis, Coptic Textile & more! Co//ectors,

Students, Gi^f Givers & the inteUectually curious,

will en/oy this stimulating reference book.
Write for your free copy today!

ALADDIN HOUSE, LTD.
Dept. N-4D • 520 5lh Ave. • N.Y., N.Y. 10036

SCIENCE!IN ACTION

iMold-made flavors

IBy Lucy Kavaler

OF all cheeses known to mankind,

those in which molds are used are

the ones that have been most favored by

gourmets. In recent years, however, even

steak-and-potato eaters have acquired a

taste for the tart, unusual flavors im-

parted to a bland cheese by a mold.

Cheese was one of the earliest manu-

factured foods, and may have first been

made accidently in Arabia about 4,000

years ago. Some 2,000 years were to pass,

according to legend, before molds added

flavor to some of the cheeses. This de-

velopment too, we are told, happened by

chance. Many centuries ago, a young

shepherd took his flocks out to graze on

the mountainside near the little village of

Roquefort, in France. A sudden down-

pour forced him to take shelter in a cave.

When the rain stopped, he ran out to

gather his wandering sheep and forgot

his lunch of bread and cheese in the cave.

Several weeks later he happened to re-

turn to the same place; the bread had

crumbled away, and the cheese was run

through with veins of a blue-green mold.

Still, the boy was hungry, so he took a

bite of the discolored cheese and found

that it tasted better than any he had ever

had before. Unable to explain what had

happened, he dashed down to the village,

shouting. "A miracle, a miracle." The

townspeople gathered round and sam-

pled the boy's discovery. From that day

on they began bringing their cheese to

the caves around Roquefort so that it

could be transformed by the wonderful

blue-green mold.

Whether skeptics accept this account

at face value, there is indeed something

about the caves at Roquefort that makes

molds perform "miracles" of growth. A
series of cracks and crevices in caves

lead both to the top of the mountain and

to an underground river. As a result,

there is a steady flow of cool, moist air

through the caves. The temperature re-

mains a constant 50 degrees Fahrenheit

all year round, and the humidity stays at

95 per cent. Cheese—or any foodstuff-

left in the caves for any length of time

becomes infiltrated by fungi.

By Royal Decree

THE mold-ripened Roquefort was

quickly adopted by toga-clad gour-

mets. By the first century a.d., Pliny the

Elder reported in his Natural History

that it was being sold in Rome. Seven

centuries later Charlemagne was declar-

ing that it had a flavor fit for the gods.

Although no other caves are as perfect

for fungal growth as those at Roque-;

fort, molds are ubiquitous, and the!

originators of the cheese were soon hard

pressed to maintain their monopoly.
Fearing that inferior versions would de-

stroy their reputation, they applied to the

king for help. Royal decree soon restored

their position of pre-eminence. Charles

VI ruled that the name Roquefort could

be applied only to cheese made in the

caves near that one town. A century oi

so later, Francis I repeated the order,

and in 1666, the Parliament of Toulouse

passed a law to this effect. In 1785, a

heavy fine was levied on anyone selling

cheese under false pretenses. Even to-
,

day. a French regulation limits the use

of the name. The same kind of cheese,

when made in other parts of France, is

known collectively as bleu cheese.

The mold involved in the making oi

Roquefort and all the other blue cheeses

is one of the most common, Penicillium.

found with other fungi and bacteria ir

unpasteurized milk. Whenever it becamt
the dominant mold in a lump of cheese

the now-familiar blue-green veins woulc
work their way through the interior

Cheese makers came to realize that the)

could guarantee this appearance in i

new cheese by inserting scrapings o

blue-green mold from an old one. Bu
only in comparatively recent times coulc

mold growth and quality be controlled

The species of mold that is needec
has quite naturally been named Peni
cillium roquefortii. (It is related to thf

mold that makes penicillin, but has nt

antibiotic qualities itself.) A pure cuL
ture of Penicillium roquefortii is madf
and put on a loaf of fresh bread. Th(

mycelium spreads out through the bread

the spores are formed, and graduaUi
there is less and less bread and more ant

more mold. At the end of four to si;

weeks, the bread has crumbled com
pletely and the mold is separated from it

Penicillium is then dried into a powde:

and either sprinkled on the cheese o

inserted into it with a needle. The cheesi

is salted and left for several days, an(

then at least sixty holes are punched tc

allow air to reach the mold deep in thi
,

interior. Penicillium is allowed to grov

for a period ranging from two to fivi

months, depending on the market.

Although all blue cheeses contain th'

same mold, not all are made with thi

same kind of milk. In the United State

and Canada, either cow's or goat's mill
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ORIGINAL HAND RUBBINGS 1

Ccy^^y^lc (yTy*

Clie remarl<at)Ie stone carvings adorning

Ke Wat Po Temple in Bangkok, sculp-

ured over a thousand years ago, today

till excite the admiration of connoisseurs

if oriental art. These rubbings capture

the spirit, action, and delicacy'" of the an-

cient carvings depicting Brahmanist gods

and episodes from Buddha s life. Each
has been individually executed on natural

rice paper in situ.

\W\\en ordering please specify subject

:

King Rama riding elephant

Dancing Girls

Princess Benjakai seated fcetore

Queen Sita

SIZE— 19" X 23" $3 EACH PLUS 23c postage

Members of The Museum are entitled to a 10% discount.
Please add local taxes where applicable.

Send your check or money order to

euHpkcp

The American Museum of Natural History, N.Y., N.Y, 1002+
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No slide projector ever
made such a fuss about a lens.

No wonder, it's a Nikkor. And
that's just about the finest lens you

Can get—camera or projector.

Take a batch of shdes to your

Nikon dealer, and put them through

a Nikkormat slide projector. You'll

see a difference immediately.And
you'll like what you see.

You'll also like the way the

Nikkormat handles and behaves;

the price, too: $149.50. Meantime,

let us send you a descriptive folder.

nikkormat
Automatic Slide Projector
with 4" Nikkor f3.5 lens

^!!!^^!!S^!!^S!di!^ly^r^J^^!!Md!T^^!re!!reich Photo-Opticd Industries. Inc.

PHOTOGRAPHING IN ^ •^^^'^

, If you want PERFECT COLOR EVERYTIME

then get the COLOR TEMPERATURE

METER and FILTER INDICATOR

the professionals use...

instantly

shows . • •

• Color temperature
of light source
(in degrees Kelvin

• Filter required
for correct

color balance

. . > with any type
of color film.

Calibrated in "decamired"

filter scale adopted by leading camera and

filter manufacturers. Complete with leather

eveready case and gold-metal chain.

Sold only through photographic dealers.

write for literafure

X.XXS'Ci- PHOTO CORPORATION | k
P.O. BOX 1060 WOODSIDE, N. Y. 1 1377 ^^

LIMITED RELEASE-U.S. GOVT. SURPLUS

SNIPERSCOPE

INFRARED SETms,
for scientists, gun collectors, naturalists

Built in 1950 and 1951 by American Optical Co. In

excellent working condition. Used by our troops for

observing enemy in total darkness without being

detected. Suggested uses: medical research, study of

nocturnal animal life, mineralogy, industrial and med-

ical research, crime detection. Rare item for gun col-

lectors. Telescope is 16%" long; clear aperture of lens

is 50.4mm. A 5"-diameter filter is attached. Knob

adjusts focus electrostatically; second knob adjusts

reticle intensity. Reticle also has vertical and hori-

zontal adjustments. Canvas carrying case and shoulder

strap included. Complete unit includes 11" x 14" x 16"

chest, telescope with RCA 6032 image tube, 20,000V

power pack with canvas carrying case and shoulder

straps, IR light source, steel carbine bracket, pistol-

grip handle with switch control. Formerly highly classi-

fied Limited supply. Orig. Govt, cost, $800. Shipping

wt., approx. 30 lbs. Price $249.50

SNIPERSCOPE BATTERY
Rechargeable 6V power source

for sniperscope. Excellent for

many other 6V applications.

Approx. shipping wt., 15 lbs.

$9.95. Two for $18.00

Prices F.O.B. Tucson, Ariz. No C.O.D.'s, please.

C 8c H SALES CO.
A BERKEY PHOTO COMPArJY P.O. Box 1572, Tucson, Ariz.

is used, while the true Roquefort and

some of the other French blue cheese;

come from sheep's milk. A ewe produce;

only one quart of milk a day, and this foi

only six months of the year—one reasoi

for the high price of Roquefort.

Herds of 700.000 ewes provide the mill

used in Roquefort, where the cheese i;

still made in twenty-five caves in thf

nearby mountainside; some of the cave;

penetrate the mountain as deep as thf

height of a twelve-story building. Durint

the six months of the year when thi

sheep give milk, the entire populatioi

of the town, about 1,300 people, is in

volved in cheese manufacturing.

Trial and Error

American efforts to duplicate the flavo

f\ of Roquefort were not successfu

until about 1918, as the French wen
understandably intractable in their re

fusal to divulge their secrets. Mycolo

gists had first to identify the fungus ant

then to calculate how much of it wa;

needed. After that, by trial and error, thr

temperature and humidity of the Frencl '

caves were simulated in this country

Cheese fanciers who are confused b)

the many varieties offered in specialty

food shops and foreign restaurants migh

bear in mind that many besides Roqiie

fort or blue are brothers-in-mold, will

blue-green veins running through them

And many of them did not originate ii

France. The Italians developed Gorgon

zola in a.d. 879. and it helped to mak
Italy the cheese-making center of Europf

in the two centuries that followed. As foJ]

the English, their reputation rests se'

curely on Stilton, a cheese that no om
else in the world has been able to dupli

cate successfully. Stilton is a cream-col

ored cheese, veined with the same Peni

cillium Toquefortii that gives flavor tr

both Roquefort and Gorgonzola. It;

taste, however, is milder than either

Handling this cheese is not a task foi

weaklings, as it is traditionally made inti

huge cylinders nine inches high, eigli

inches wide, and fourteen pounds ii

weight. Versions of blue-veined cheese;

are produced in other countries; thf

Greeks have Kopansiti; the Norwegian:

inoculate sour skim milk with Penicill

Hum roquefortii to make Gammelost

and the Swiss version is Paglia, whicl

is most similar in flavor to Gorgonzola

Europeans are pained by Americai

insistence on keeping these blue-veiner

cheeses in the refrigerator. The righ

thing to do, they maintain, is to wrap tin

cheese in a damp cloth and put it in thi

cellar. Exporters, yielding to our na

tional enthusiasm for refrigeration, urgi

that at least cheese not be frozen.

Whatever the method of storing, noni

of the blue cheeses is long-lived. Thi

mold goes right on growing even afte

the cheese has been packaged, and thi

flavor keeps getting stronger. Cheesi
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lakers do their best to plan ahead, and

Roquefort, for example, is shipped to the

(nited States on the understanding that

will be eaten within sixty days of its

rrival. This is sometimes overlooked by

eople who have heard how cheeses are

ept for decades by peasant families in

emote areas. Those are all hard cheeses,

owever, like the Swiss Saanen. which

; made at the birth of a child and eaten

(n his birthday each year.

Napoleon Named It

^uiTE another mold-ripened type

^ stands high on the roster of the

'orld's great cheeses. This category con-

ists of cheeses like Camembert, in which

le molds grow only on the surface and

o not work their way through to the

iterior in veins. Camembert lacks the

ride acceptance accorded Roquefort,

ut true cheese lovers consider it to be

fiyond compare. Its flavor, more subtle

lan that of Roquefort, is produced by

nother member of the Penicillium fam-

,y, Penicillium camemberti, together

ith bacteria and lesser quantities of

ther fungi. The rind of the cheese is

overed with a thin, feltlike layer of

rayish-white mold with patches of red-

ish yellow. The inside is yellow and

unny. The older it is, the more fluid.

This ,<;heese was created in 1791 by

larie Fontaine, a native of the tiny

illage of Camembert. It might have re-

tained just one of France's many little-

nown local cheeses were it not for the

Id that Napoleon Bonaparte chanced

) visit this region and was served it. He
sked its name and was told that none

ad yet been selected. Napoleon then,

ith surprising lack of imagination,

romptly named it "Camembert," con-

jrring permanent fame on both the

heese and the town where it originated.

A similar cheese. Brie, is made in an-

ther part of France, and is about as old

s Camembert; but it lacks Napoleonic

jgend to enhance its reputation.

Many other cheeses also owe much of

leir flavor and odor to organisms grow-

ig on their surfaces. Limburger attracts

lose whom it does not horrify; its odor

caused mainly by a surface growth of

easts and bacteria. People blame and/

r praise the Germans for Limburger,

ut it was originally made in Belgium.

A Well-kept Secret

"^ TILL milder cheeses are produced

J when surface molds are allowed to

lultiply for only a short period of time.

he most popular of these is Bel Paese,

hich means beautiful country and re-

;rs to Italy, its country of origin. The
rappist monks of the Abbey at Port du

ahit, France, have kept secret for nearly

hundred years the process by which

ley make their famous cheese. Experts,

owever, are certain that microorgan-

ms growing on the surface are an es-

Gentlemen: If you purchase this shaver,

we promise never to repair it.

But we will promise you this, and in writing: If

anything goes wrong within one year we will

send you an all-new ACCUMEN Shaver. After

that one-year guarantee period, and If you are

unhappy with the shaver for any reason, return

it to us—even if it's thirteen years from now

—

and for just $12.95 we'll send you the newest

"top-of-the-line" model available at the time.

(We fully realize that $12.95 may be worth only

$2.95 thirteen years from now. But that's our

hard luck). And then you can start this all over

again with that new shaver—for another thir-

teen years if you wish. That's why we call it the

"ACCUMEN LifeTime Shaver Plan."

If this sounds like an unprecedented offer, you

are correct. It is. And if you think there must

be some "gimmick" involved, you are also cor-

rect. There is. We would not stick our necks out

so far and for so long if we weren't quite sure

that the ACCUMEN will give you trouble-free

satisfaction from now until the cows come home.

What makes us so Sure? Just this: We have ob-

served the ACCUMEN's performance for years in

Europe and since we introduced it to this coun-

try. We have talked to hundreds of really satis-

fied owners. We have "fan letters" by the score.

Finally, we know what it's made of and how it's

made. It will be a rare ACCUMEN that falters or

disappoints.

This is the Ultimate Shaver — we think this is

the finest shaver made in the world today. Cord-

less or otherwise. In our opinion it makes all

others obsolete. Very few of our competitors des-

cribe their shavers as "second best," so we quite

understand if you take all of these claims with a

heaping spoonful of salt. But, here, for your con-

sideration, are the principal reasons why we be-

lieve the ACCUMEN to be "The Ultimate."

1. The Powerplant: A high-potential nickel-cad-

mium battery, which will give you at least ten

to fifteen good shaves before recharging. As

an aside: The president of Witte & Sutor (manu-

facturers of the ACCUMEN) is none other than

Herr Waldemar Witte, the inventor of the re-

chargeable flashlight. He ought to know!

2. The Motor: The "synchromesh" motor is a

6000 rpm. marvel of German engineering. Bari-

um ferrite permanent magnets, self-lubricating

bearings and copper-carbon brushes assure a

long, hardworking life.

3. The Shaving Head: Shaving area 2V'2 times

larger than that of any other rotary shaver. Ul-

trathin foil (.00315"). Four stainless steel cut-

ters are individually sprung and balanced and

can operate independently to adapt to the min-

utest contour of your face (this is a truly radical

innovation — have you ever noticed how your

present shaver is built on the same principle as

a lawn mower?)

And then the marvelous extras: The patented

"LumiRing" that spotlights the working area for

perfect shaves in any light. Vacuum action that

keeps your whiskers from your clothing. And, as

far as we know, this is the only shaver in the

civilized world that is rechargeable directly from

any wall socket—no transformers, no "power

cords." The ACCUMEN is lockable, to keep it ex-

clusively yours (sorry, teenagers). Then, there is

a built-in shave counter. Last, and probably

least, women are wild about the ACCUMEN, be-

cause the shaving head is round and smooth

and has no sharp edges. (But, please, buy her

one of her own.)

Still more. The ACCUMEN is not just the finest

shaver in the world. The optional attachments

make it a complete grooming system — among
other things. Look at the choice in the coupon
and help yourself.

IHl WORLD
FAMOUS ACCUMEN.

fOR A LIFETIME OF CLOSE SHAVES

Should you Buy a Shaver by Mail— Sight Un-

seen? It may be unorthodox, but the only way

to buy this shaver at this price (on this side of

the Atlantic) is from us, the exclusive importer/

retailers. Be that as it may—why not? What's

the risk? You order the ACCUMEN not only with

the one-year new-shaver guarantee; not only

with the $12.95 ACCUMEN LifeTime Shaver Plan,

but with this added assurance:

Unconditional Promise: Try the ACCUMEN for

two weeks. Then, if you don't agree it is in-

deed "The Ultimate," send it back to us and
we'll return your money by air mail and write

you a nice thank-you letter.

That's it. For the price of an ordinary, run-of-

the-mill shaver you can now shave with the

pride of Europe. The ACCUMEN. The Ultimate

Shaver. The only electric shaver that shaves

close enough (in the woods or at home) to sat-

isfy "blade men." And the only shaver in the

world that will never be repaired, but that offers

the exclusive ACCUMEN LifeTime Shaver Plan.

STEP INTO A NIW WORLD Of ® 19^S6

SHAVING LUXURY TODAY
Mail to: HAVERHILL'S
526 Washington St., San Francisco, Calif. 94111

Please enroll me in the ACCUMEN LifeTime Sha.

ver Plan, subject to the stated guarantee. I will

also receive free the $4.95 rechargeable flashlight

if I purchase at least one attachment in addition

to the ACCUMEN. Please send me the following:

n*ACCUMEN rechargeable shaver with zippered

case, mirror and brush . $24.95.

D ^Hairclipper Attachment . $4.95.

D *Massage/Hairbrush Attachments, both-$4.95.

n *White Flashlight Attachment - $3.95.

n *Yellow Blinker Attachment - $3.95.
Praktikus-5. all items marked with an *. in

a beautiful zippered gift case, only $39.95.
{Instead of $42.75 if purchased separately.)

D Automobile Charging Unit (12v or 6v)-$4.95.

n Check incl. $1 for Post. & Insur. Enclosed

D Diner's Q Am. Exp. Acct. #
California Residents Add 4% Sales Tax.

Name

NH-4

FREE! L(Haverhills-j
/\,,S^^2!^ >—^ Seo/^cA.ng the World

3 bring you the Finttt

To get this ACCUMEN LifeTime Shaver
Plan going in a big way, we will be
pleased to send you a gift. Order the

ACCUMEN and at least one attachment
now and we'll send you in addition a

beautiful rechargeable flashlight—also

by Witte & Sutor, the manufacturers

of the ACCUMEN and inventors of the

rechargeable flashlight. Regular retail

price of this flashlight is $4.95,

65



Overseas
Nature Tours
-1966-

For six years we have been organizing group

trips to investigate the natural history of Europe,

Africa and the rest of the world. Chief purpose

so far has been to see birds, including as many
rare and difficult species as possible. However,
a full ecological picture is sought, with attention

to botany, geology and archaeology where appro-

priate. Here is the program for 1966;

- EUROPE -
NORTH WITH SPRING ON THE CONTINENT:

Start in southern France and move north with

bird nesting and spring flowers in Switzerland,

Austria, Germany and Holland. April 23; four

weeks

.

BRITAIN: Nature highlights of England, Wales
and Scotland at peak of bird nesting season. May
22; three weeks.

, ^
SCANDINAVIA: Thrilling circuit of the Far

North; Norway's mountains, fjords and islands;

North Cape and the midnight sun; Lapland and
Sweden. Two 1966 departures-June 11 and June
25. Four weeks.

ICELAND: Arctic wildflowers, northern nesting

birds and seabird cliffs, against a weird back-
ground of volcanoes, geysers and waterfalls. Two
departures-June 11 and July 2. Optional excur-

sion to Greenland after each tour.

- AFRICA -
BIRDS OF AFRICA: Circuit of west, south and

east Africa. Emphasis on birds ( 670 species on
last tour) and spectacular mammals. Ex-Belgian

Congo, Cape of Good Hope, Kruger Park, Vic-

toria Falls; choice nature spots of the less

crowded, less promoted parts of the continent,

plus all the important animal reserves of Kenya,
Uganda and Tanzania. July 30; four weeks plus

optional extra time in East Africa.

-SOUTH AMERICA

-

COLOMBIA, ECUADOR & PERU: Tropical coast,

high Andes, upper Amazon Valley, Machu Pic-

chu, and an ocean trip into the Humboldt Cur-
rent, Sept. 24; three weeks.

CHILE & ARGENTINA: The southern Andes,
Straits of Magellan, Tierra del Fuego as far as

Ushuaia, Patagonia, Bariloche and the Argentine

lake district. October 15; 3 weeks.
BRAZIL: Broad coverage of one of the great

bird countries of the world. Iguazu Falls, Mt.
Italiaia, Organ Mtns., Rio, Mato Grosso and the

Amazon from Manaus to the sea. Nov. 5; 3 weeks.
GUIANAS & VENEZUELA: Jungle trips in Suri-

nam & British Guiana, Angel Falls in Venezuela,
coastal mtns. of Colombia. Nov. 26; 3 weeks.

-COMING LATER

-

EUROPE: "Birds of the Mediterranean": high-

lights of Southern European birdlife from Gibral-

tar to Istanbul. "Birds Behind the Curtain";
little-visited regions of Poland, Czechoslovakia,
Hungary, Bulgaria, Rumania and Russia.

SOUTH PACIFIC: Four consecutive 3-week tours

in fall of 1967: Birds of Melanesia; Western Aus-
tralia; East & South Australia; New Zealand.

ASIA: Four consecutive 3-week tours in spring

of 1968: India & Nepal; Southeast Asia; Philip-

pines, Hongkong & Formosa; Japan.

- NORTH AMERICA TOURS -
TEXAS-MEXICO: Bird highlights of Texas coast

and N.E. Mexico; 2 weeks. Mar. 26, 1966; also

1967.
ARIZONA: Richest part of U.S. for rare bird

species; 2 weeks. Two 1966 departures from
Tucson: May 7 and May 21.

FLORIDA: Two-week circuit of chief bird local-

ities of the state, from Tallahassee to Key West
and the Dry Tortugas. Jan. 21, 1967.

SIERRAS & COAST RANGES: North with spring
from Calif. Condor country to Vancouver; 3
weeks. June, 1967. Similar Rockies tour in 1968.

ALASKA: Grand tour of nature spectaculars
of the state, including Arctic coast, the Aleutians
and the Pribilofs. July 1967; 2-wk. and 4-wk.
versions.

NEWFOUNDLAND-LABRADOR: Bird islands of
the northeast; Newfoundland and Labrador coast.
March 1967 and 1968.
YUCATAN: Chiapas, Mexican Yucatan, British

Honduras, Peten Jungle of Guatemala. 3 wks.;
1967.
MEXICO: Five regional two-week tours cover-

ing five different ecological areas.

Come along! . . . Intimate, private groups, expert
leadership. We seek out back-country routes, try

for an experience-in-depth of the natural scene and
the people. (Not recommended if you're strong for

night life.)

Crowder Nature Tours
Hox 1760-a Washington, D.C. 20013

Mrs. Kavaler, from whose Mush-
rooms, Molds, and Miracles (©The
John Day Company) we obtained this

excerpt, has written several books
on natural history for young people.

sential part of it. As for Neufcliatel,

sometimes described as the cream cheese

with character, a thin coating of white

mold grows on the surface to be fol-

lowed by a yellow or reddish growth.

Mycologists have identified Penicillium

camemberti among these vitally needed

microorganisms. American Neufchatel is

different in flavor from the imported, as

the molds are not given time to become

fully established before marketing.

Versions of "hand" cheese are found

in many countries of the world. The Ven-

ezuelans call it "Queso de mano," the

Russians "Livlander," the Austrians

"Olmiitzer Quargeln" or "Bierkase," the

Germans "Handkase" or '"Kuhkase." In

America, it is most often made by Penn-

sylvania farmers of German extraction.

As its name suggests, this cheese was

originally molded by hand, and in some

parts of Europe, it still is. Yeasts, molds,

and bacteria all grow on its surface, con-

tributing to the flavor.

To this day "cooked" cheese, some-

times called "cup" cheese or "Pennsyl-

vania pot cheese," remains one of the

few kinds still prepared at home, as well

as in dairies here and abroad. The meth-

od has not changed since its inception.

The skim milk curd (leftovers are fine)

is ground in a meat grinder and put in a

pot where it is kept warm for several

days until it ripens. At that point, the top

of the curd is covered with a thick, tan-

gled mass of mold mycelium. The curd

is then cooked for about half an hour,

and stirred constantly. When it reaches

the consistency of honey, it is poured

into cups and cooled. The finished cheese

is similar in texture to Camembert.
The pleasure given by a good mold-

ripened cheese is an indication of the

dualism of the fungi. The same molds are

the nuisance organisms responsible for

spoiling the flavors of many foods. In

fact, some purists insist that the term

"mold-ripened" is a euphemism, and that

the correct expression is "rotted."

This list details the photographer, artist,

or other source of illustrations, by page.

COVER-Lee Boltin

12-13-T. Mike Fletcher,

Black Star
14-17-U.S. Dept. of Com-
merce, Weather Bureau
except 14-15-top and 17
—bottom, U.S. Air Force
18-19-Aaron 0.

Wasserman
20-21-Richard G. Zweifel

except 20-top, Aaron 0.

Wasserman
22-Richard G. Zweifel,

except bottom right,

Aaron 0. Wasserman

23-Robert H. Wright
25-Winton Patnode
26-33-B. j. Kaston ex-

cept diagrams, AMNH
after Kaston
34-35-Marc Riboud
36-38-Helmut Wimmer
39-AMNH
40-47-Lee Boltin except
45-46-Luis Aveleyra A.

de Anda
48-55—Hans Kruuk ex-

cept diagrams, AMNH
after Kruuk

HANDCARVED IVORY PAINTED BIRDS

$e.95 P.P.D. ea.; 2" long.

Wood Duck, Mallard, Canada Goose, Pheasant, Qua

Owl, Golden Pheasant, Blue Jay, Cardinal (M & I

Bluebird, Eagle Pelican, Oriole, Kingfisher Pengui

Titmouse, Tanager, Goldfinch

Unpainted Ivory Animals-2V4" long i

$7.95 P.P.D. ea.: I

Camel, Walrus, Kangaroo, Polar Bear, Fo:

Rhinoceros, Hippopotamus, Elephant, Lion, Tigi'

Deer, Bison, Seal, Dragon

FAYE HAUER
2414 Larchwood Rd. Wilmington 3, Dj

BEECH CLIFF
Canoe Trips

High Adventure in heart of MAINE'S
CANOE COUNTRY. Small groups-
Boys ages 14-17. Base camp MT. DES-
ERT, MAINE nr. Bar Harbor. Stimulat-

ing & Action-filled trips— lakes, rivers,

Allagash, St. John (white water) inc.

instruction in Swim., Survival, Nat.

Sciences, Archaeology, photog. 8 wk.

camp— 6V2 wk. tripping. Exp. Leader-

ship— 13th Season.

Write: C. A. PuliS
6 OLD MARLBORO ROAD

CONCORD, MASSACHUSETTS

Pitch

Camp
and hit the

Trail
. . . with camping and mountain-
eering equipment that meets

|

every test. 34 years of design,

manufacturing and importing ex-

perience. Outstanding selection

to travel light and right.

Write for new 56-page illustrated catalog.

(Enclose 25c for handling mailing)

CAMP AND TRAIL OUTFITTERS
112 KB Chambers St., New York,N.Y.10007

(Please Print)

City State Zip
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.INDBLAD TRAVEL, INC.

ffers another unique tour

'WINGS OVER BRAZIL"
irazil's fabled Amazon and legendary Mato Grosso

;ave intrigued explorers for centuries. Tliese are

he Amazonian lands of green jungle, strange

inimals, lost tribes and virgin beauty-and the vast

/lato Grosso, still, "unexplored" on the maps

Irawn of this country. We will travel by special safari

loats, cover hundreds of miles by small aeroplanes,

isit aboriginal tribes.

^ maximum of 12 persons will be taken on each

expedition. They will be accompanied throughout by

ixperienced expedition leaders who are veterans

if the Brazilian wilds.

n the evenings our expedition members will angle

or prehistoric fresh water fish under the jungle

•tarlight, shoot giant 12 pound ducks against

he moon. In the busy daylight hours, you cruise

irystal rivers teeming with tropical fish, stop to

vatch buffalo, tapir and other strange and exciting

inimals, trade with primitive Indians, and relax

in a sandbar beside a waterfall. Always there is sun

ind blue sky and the deep greens of the Amazon
iiround you.

\ll the expeditions are limited to the sunny dry

:nonths of the year (April to November). Because of

hese restrictions, we will be able to carry no

nore than approximately 90 persons during all of

.966. Therefore, if you are an explorer and not just a

ourist, if you want to experience the excitement

)f visiting the last unexplored part of the world, make
mur reservation as early as possible.

;ash complete NY to NY = $2148.10

Jepartures: April 6-May 4-June 8-July S-Aug. 3-

iept. 7-Oct. 5

Please send me free folder- WINGS OVER BRAZIL

Lindblad Travel, Inc., 1 East 53 Street, New York

Mr., Mrs. Miss

Street

City .State .Zip

Pick a place... Pick a price... Pick-a-Tour

Lufthansa tour prices are
lowest ever!

LUFTHANSA GERMAN AIRLINES-Dept. UX123

410 Park Avenue, New York, N.Y. 10022

Gentlemen: Please send me complete information on the tour(s)

I have checked.

r~l Journey Into Antiquity [Zl Colorful Balkan

I I 1966 Pick-a-Tour Brochure Q On Safari

I I
Have your tour expert contact me

Name_

Never before could you travel so far-on a two or three-week

vacation — for so little!

Tour the Colorful Balkan for example -Yugoslavia, Bulgaria,

Rumania, Greece -including Austria, Hungary, Turkey and

Germany, too. Your choice of three tours from $559.*

Or "Journey Into Antiquity," 21 exciting days for only $1495.

History and archaeology keynote this tour of Cairo, Aswan,

Luxor, Dendera, Abydos, Jerusalem, Petra, Beirut, Baalbeck,

Damascus and Athens-featuring also a cruise on the Nile!

Or choose an "On Safari" tour of Africa, 21 days-only $1744.

You'll travel the length and breadth of the Dark Continent by

private plane — visiting Victoria Falls, Kilimanjaro, Ngoron-

goro Crater, Mount Kenya Safari Club. You'll see colorful

native tribes, vast hordes of wild animals — ,4/r/ca is every-

thing you dreamed it would be — and more!

And these are just a few examples of the many choices avail-

able through Lufthansa's Pick-a-Tour at the lowest prices ever I

See your Travel Agent or mail this coupon for further details.

*Prices based on 14—21 day Jet Economy Class Tour Basing Excursion fare fronn New York effective April 1. Subject to Govern nnent approval.

Address. _Phone_

City_ _State_ -Zip.

My Travel Agent is_

Lufthansa
German Airlines

.-I
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Share the mis
01 Exploring f
ouier space •
All DYNASCOPES, including this

superb RV-6, E-inch available

on easy terms!

Now it's easy to join the thousands of serious

amateurs. who have discovered the excitement

of exploring our mysterious universe. Your en-

joyment begins right from the start, yet the

challenges and rewards go on for years! And

it's a hobby that can be shared at modest cost.

Choose from a Full Range Of
DYNASCOPES® 4" Starting at $49.95

Picking a telescope to fit your needs and your

pocketbook is simple when you select a

DYNASCOPE — the same instruments used by

more than 150 schools, colleges and observ-

atories. Prices begin as low as $49.95, and

your satisfaction is guaranteed by a

refund warranty.

FASCINATING GUIDE
YOURS FREE!

Read these valuable facts be-

fore buying any telescope. Mail

coupon or postcard for your
complimentary copy of this

helpful guide.

Criterion Manufacturing Co.

331 Church St., Hartford 1, Conn.

® TM Registered U.S. Pat. Office

CRITERION MANUFACTURING CO.

Dept. NH-64, 331 Church St., Hartford 1, Conn.

Please send your free Telescope Guide.

full-

Name-

Address-

City _State_

On Grand Lake, Maine

CANOE
TRIPS

45 youne men, 11-18. Four trip groups. 7 wks. (6 wks.

Jr grouD). Separate survival group. Lake &. white water

trips in Maine A: Canada; Allagasii. St. Croix 11.. Grand
Lake-Matliias. Cainpcraft Hainin-. Post season work

camn Familv trip^. (niaker Icailersliip. Write: George N.

Darrow, 780 Millbrook Lane, Haverford, Pennsylvania.

19041. riione: area code 215 • Ml 2-8216.

HORSE

Chinese, Han Dy-

nasty, 206 B.C.-A.D.

220. Metropolitan
Museum of Art.
Original in bronze.

Ht.: 4". Replica in

metal. Price $3.50.
(Please add 60c ship-

ping and insurance,

and sales tax where
applicable.)

You can afford the finest

Now you can grace your home with au-

thentic masterpieces in replica-repro-

duced with astonishing fidelity to origi-

nals sculpted by great

artists. With each pur-

chase of this Chinese

Han Dynasty Horse, you

will receive a copy of

our new sculpture cata-

log, with over 125 pho-

tographs and descrip-

tions of the world's
great sculpture, and a

special section on mu-
seum jewelry in replica.

For the catalog alone,

send 25c in coin.

Dept. NH-A

_S86 Fifth Avenue. New York City 10036.

Suggested

Additional Reading
A STORM'S

INCALCULABLE ENERGY
Tornadoes of the United States. S. D.

Flora. University of Oklahoma Press,

Norman. 1953.

Introduction to Theoretical Meteor-

ology. S. L. Hess. Holt, Rinehart and

Winston, Inc., N.Y., 1959.

The Thunderstorm. L. J. Battan. Sig-

net Science Library Series. P2473,

New American Library of World Lit-

erature, Inc., N.Y., 1964.

IT COULD BE A "FROAD";
MAYBE A "TROG"

Handbook of Frogs and Toads. A. H.

Wright. Comstock Publishing Asso-

ciates, Ithaca, N.Y., 1949.

Amphibians of Western North Amer-
ica. R. C. Stebbins. University of

California Press, Berkeley and Los

Angeles, 1951.

POLARIZED BEAUTY
Polarization of Light. H. N. Todd.

Pioneer Scientific Corporation,

Rochester, 1960.

Fundamentals of Optics. F. A. Jenkins

and H. E. White. McGraw-Hill Book

Co., Inc., N.Y., 1957.

EVOLUTION OF THE WEB
The Evolution of the Webs of

Spiders. J. H. Comstock. Annals of the

Entomological Society of America,

Vol. 5, pages 1-10, 1912.

Notes on the Biology of Spiders. I.

The Evolution of Spiders' Snares. W.
S. Bristowe. Annals and Magazine of

Natural History, Series X, Vol. 6,

pages 334-342, 1930.

American Spiders. W. J. Gertsch. D.

Van Nostrand Company, Inc., Toronto,

1949.

CLAY SCULPTURE FROM JAINA

Pre-Columbian Art. Robert Woods
Bliss Collection. S. K. Lothrop. Phai-

don Publishers, Inc., N.Y., 1957.

Mayan Terracottas. I. Groth-Kimball.

Praeger. N.Y., 1961.

The Ancient Maya. S. G. Morley and

G. W. Brainerd. Stanford University

Press, Stanford, Calif., 1956.

DEFENSE AGAINST KILLERS
Predators and Anti-Predator Behav-

iour OF THE Black-Headed Gull
(Larus ridibundus L.). H. Kruuk.

Behaviour, Supplement XI, 1964.

On the Functions of Territory in

Gulls. N. Tinbergen. The Ibis, Vol.

98, pages 401-411, 1956.

The Nature of the Predator-Reac-

tions OF Breeding Birds. K. E. L.

Simmons. Behaviour, Vol. 4, pages

161-171, 1952.

4-WAY "HUMMER" FEEDER
Hummingbirds, those jewel-like rascals, love t

play and sip 4-at-a-time at the one and onl
"Hummy-Bird Bar"'5J (See actual photo). Othe
birds or bees can't reach the sugarwater. Drir-|

less, rustless, so easy to clean! The heart
warming gift for yourself, family, friends (an
Hummingbirds!) for all occasions. Money bac,

guarantee. Full instructions. $2.95 plus 24<;- posi

age. In Calif, add 12c tax. Sorry no COD;
HUMMINGBIRD HEAVEN, Dept N, 681
Apperson St., TUJUNGA. CALIF. (Makers l

the popular "Oriole-Fun-Bar" for fun-lovin
Orioles!

)

7en miles at sea, ten cool miles from the
mainland's cacophony end crowds. Sea-
scape end skyscape undimmed and un-
marred by streetlights, neon, jukeboxes,
billboards.

Dramatic cliffs and shoreline, spruce
forests explored by seventeen miles of
trails. Peaceful. And beautiful. $12 to $22
a person daily, with meals. Brochure.

THE ISLAND INN
Box H, Monhegan Island, Maine

"ORIOLE-FUN-BAR"
This exclusive "Oriole-Bar" will attract man,
fun-loving golden Orioles to your garden, pat
or balcony ( see actual photo ) . Their colorf

i

antics will delight you and your friends. A hear
warming gift for any occasion. Rustless, so eas

to clean! Money back guarantee, full instru
tions. $3.95 plus 32*:'- postage. In Calif, add 1(

tax. Sorry no COD's. HUMMING BIR
HEAVEN. Dept. N, 6818 Apperson St
TUJUNGA. CALIF. (Makers of the popuh
'*Hummy-Bird Bar.'"!'^)

DESIGN IT YOURSELF KITS

Prelilstoric shark tooth bracelet $1 HO

Fiiller shark bracelet kit 1.25

Prehistoric coral bracelet-necklace 2.no|

Jeweled Cats Eye (snail) sweater guard l.liS

. . . easy . . . educational . . . coninlcte kits . . .

Sea Maid! Box 965, Venice, Florida 33595
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KEEP PACE WITH SPACE AGE! SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

for FUN, STUDY or PROFIT
'FISH' WITH A WAR SURPLUS

GIANT MAGNET
Bring Vp Under-Water Treasures -^

(eal run! PruHtable. tool Simply irall thi*

'Owerful a Hi. Manuel out the stem of

our boat— retnere outboard luotorg, QililDg
"ackle, atichors. other metal raluablei.

Iltnlco V-T;i)e Maiinei has terrific liftlnc
<i\icr— i^llfni (Jaiiss rati iii;— lifts o^er 150 Ihs on land—
lore miller water. Manr iiiiiusirial uses, too; recover tooli

iiil [(arts from inaccessible spots, hold work in place, rid

lii'l- ri-„ir.. of tM''i;il frimniiTiis. inii^. cic.

tnck No. 70.57t-E 5-11). Magnet SI2.50 Pstpd,
tnrk No. 7n.570-E 3'2-lb. Lifts 40 lb. S 875 Pstpd.
tock No. 85, 152-E ISVa-lb. Magnet $33.60 FOB

CRYSTAL GROWING KIT

l>o a L'osulloyraplii project lUus
irated with large beautiful cryslah
you yruw yoursoif. Kit includes tin

hook "Crystals and Crystal Growing
and a seiierous stijtply of the chemi
L-als yiHl nofd to hiuvv larye displa,

crystals of potassium aUitiiinum sul

im sulfaie (purple), pma^siuni sodlnn
cl sulfate hcxiiliydrate (blue green) 01

', potassium ferricyanide (red), and

$9.50 Postnalft

Lkarj. puUiSi

iri'ialiydr

(ili;icr ac

;tnck No

If [green
[ale (hhio
70.336-

E

gret

BARGAINS GALORE! HOURS OF FUN! ONLY $5

NEW POPULAR SCIENCE FUN CHEST

TIcre are Edmund's 9 top selling

science luys and curiosities in one
fascinating, low-cost package. Per-
fect gift itfin. Auiuse ami dcliglil

young and old fur hours on end.

Eilucational, loo! Teach basic sci-

ence principles in a wonderful new
fun way. Incl. : Solar Radiometer

—

spiii.s al :i.(tOO rpm; Albert the Bobbing
Bird inns i iiiH iiiuou^lj mi tlicrni;

cncrt;.\ ; ,\ma/ing Sealed Mercury
'uzzic; Five 2-sJded Ceramic Magnets: Hig H^j" Burn-
ng Glass in Zip -Lip Fuly Bag; Magnetic Doggie and
spinning Ball—ball spins as dog approaches; Diffraction

rating Rainbow Viewer; PIK-UP Ring (witii Edmund
' I'AK I : I'opiilar booklet. "Astronomy and You." All In

lic-ciil Storage box with complete instructions,

itock No. 70.787-E $5.00 Ppd,

BLACK LIGHT MAGIC-GLOW KIT

1 With this Kit, you can collect fluores-

cent rocks, paint with living light,

write secret messages, learn invisible

detection methods, even make a fluor-

escent Cliristmas tree! Kit uses long-
wave hiacklight, which is completely
harmless to eyes, but causes fluores-

cence in o\er 3.(100 substances. In-
clude.'- Magic t;iow Lamp, universal
lal'oraiory lamp F;tand, invisible water

nalnts and Ink, fluorescent crayon, tracer powder, pen.
i brushes, specimens of fluorescent rocks : wernerlte from
['aiiaila, llN(iri[p fmni i'jiiilaiid. wiliemite from I.'.S.A.
r'lus book of 40 eiperlmenu.
itock No. 70.256-E $1 1.95 postpaid

"Balls of Fun" for Kids . . . Traffic Stoppers for

Stores . . . Terrific for Amateur Meteorologists . .

SURPLUS GIANT WEATHER BALLOONS
At last . . . available again in 5 ft

and 10 ft. diameters. Create a

neighborhood sensation. Great back-
^a^l.l fun. l!;x(iiing beach aliraclion.
lJlo\v up with vacuum cleaners or auto
air iio.sc. Sturdy enough for hard play;
all other uses. Filled with helium
(available locally) use balloons high
in tlic sky to attract cruwcls. atlver-

tisc store sales, announce fair open-
ings, etc. Amateur meteorologists use

lallnons to measure cloud heights, wind speed, temi)eratnre.
iii.sMitc. humidity at various heights, riiotogiaphcrs can
itili/,c for low-cost aerial photos. Uecent Gov't surplus of

,

na\y rubber.

IStock No. 60.5G2-E ... 5 ft. diam. size . $2.00 Ppd.
;

Stock No. 60,564-E ... 10 ft. diam. size $4.00 Ppd.

Bird Watching and Photography made easy with

WINDOW FEEDER
AND ONE-WAY MIRROR
w jou lan .-.tiuly ijirds in tiit

omfoiL of .\our home, and get bril-
liant action pliotos. Durable redwood
feeder coineiiieiilly and easily at-

taches to outside window sill. Hinged
glass toil for easy access to seed bin
and suet rack. Jlount one-way mirror-

like film tu inside of window, observe birds without being
nil Tu get excellent wildlife pictures, position camera oi.

iiiiiikI lit tlesircd height. Film covers half of average
"induw. Fi'cder measures 17" long x 8%" high x 9V""
-Ic'i. Wgt. eV2 lbs.

Slock No. 70.737-E $9.95 Ppd.

Half-Aluminized Film Sheets Only
Stock No. 70.326-E 2l"x36" „ $3.00 Ppd.
Stock No. 60,1 13-E 10'/a"xl»" $1.00 Ppd.

BE READY FOR THE MOON SHOTS
Kaiiger. Siir\ eyor. Lunar Or biter uiuii aimed space probes
« ill slied c.vcitMig new light on the ni\stery of ilie moon
and ouior space. See the results cdo.se-up. Edmimd low-cost,
top-nnallly pquinment ami accessories put you right there—provide vahiable and complete information to keep you
on target

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE

Photographers! Adapt your camera to this Scope for ei-
celleiit Telepboto shots and fascinating photos of mooni

Mt Palomar Typel An Unusual Buy:
1 >ee ilie Uliigs of Saturn, the

raseinating planet Mars, huge
iratirs on Uie .Moon. I'iia-^es of

\ Lnus. Equatorial mount w..li

lotk on both axes. .Aluintnized
and over-coated 3" diameter
high speed f/10 mirror. Tele-
scope comes equipped w iib a

t'lllX eyepiece and a mounted
Harlow Letis, Optical Finder
Telesciipe included. Hardwood.

J
[)oriable tripod. FUEE with

J Scope: Valuable STAU CHART
(iK OF HE.AVRXS" plus "HOW
OPE" BOOK

S29.95 Postoalil

4V4" Reflection Telescope—up to 255 Power
Stock No. 85-105-E $79.50 F.O.B.

Superb 6" Reflector Telescope
I'n to 57Li I'dwcr Equalorlal mount and I'edestal Base
Stock No. 85.086-E $199.50 F.O.B.

New! 2 in 7 Comb/nation.' Pockef-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

S

tZ"^'

Useful Telescope and Microscope combined
in one amazing, precision instrument. Im-
ported! No larger than a fountain pen.
Telescope is 1(1 Power. Microscope magni-
lies 50 Times. Sharp fucus at any range.
Handy for sports, looking at small objects.

Stock No. 30.05S-E $4.50 ppd

AGES-OLD FOSSIL COLLECTIONS

No. 50.344.E

tiryii/.oa stem, lamp
?eallop. sea iinlnn. oyster, clam.
snail fossil, rAUHOXlFKItOrS
SET: Bracliipod. worm burl, erinold

siilme. horn coral, bryozoan, snail and clam.
I'^OCS SET; Brachiimd. oyster. ?ea unliin peril-

e'c. .\ll three sets for one low pri

$3.75 Postpaid

SCIENCE TREASURE CHESTS
Science Treasure Chest - extra powerful mag
nets, polarizing lilters, euiupass. one-way
luirrur lilm, prisms, ililfractioii grating, and
lots of other items for hundreds of thrilling
experiments, plus a Ten I,en.'i Kit lor mak-
ing telescopes, microscopes, etc. Full in-
-1 riiciions.

Stock No. 70.342-E $5.50 Pstpd.
Science Treasure Chest Deluxe—Everything in Chest above
pins exciting additiijnal items for more advanced exiteri-
meiMs. including crystal -growing kit. electric motor, mo-
lecular set. fir-T -surface mirrors, and Inis more
Stock No. /0.343-E $10.50 postpaid

WOODEN SOLID PUZZLES
11^ DifTerent puzzles that will stimulate
>our ability to think and reason. Here
is a fascinating assorimciu of wood puz-
zles that will provide iioiirs of pleasure.
Twehe different puzzles, animals aiu'

geometric forms to take apart and reas-
semble, give a chance for all the family, j

lest skill, patience and. best of all. to stimulate ability to
think and reason while having lots of fun. Order yours now.

Stock No. 70.205-E $3.00 Postpaid

Precision Marine Time Piece

SHIP'S BELL CLOCK
Faithful Time Afloat or Ashore

llandsiime metal ea^e in either brass or
clitume. Highly corrosion resistant for use
on shipboard or home. Fitiely matle. un-
usually high quality. 8-day clot;k has

familiar 1 lu 12 dial—also marked with 24 hour system oi
timekeeping and traditional watch periods from E\eniiig
(or First) Watch ibrungb Second Dug Watch, (.liimes nau-
tical half-hour intervals frotn 1 to S bells (can be turned
,.1Y). Thermometer at bottom of diaL \Vt. 6 lbs.
Stock No. 70.781 -E Brass $60.00 Ppd.
Stock No. 70.782-E Chrome „ „ $60.00 Ppd.

EXPLORE THE WORLD OF "OP ART"
^scinating New Experimenters'

MOIRE

PATTERNS KIT

Fantastic Visual Effects! Limitless Applications
Nowl E.\periment with the amaxing new tool of tomorrow.
Basis of "OP ART"—latest rage sweeping the country in
art. fasfiion. packaging industries. l.OUO's of uses for
hobbyists, photographers, designers, lab and liome experi-
menters. Fun; Profitable! Inlimited potential. Here's
your complete introduction kit developed by Dr. Gerald
Oster, Brooklyn Poly. Inst. Contains 8 basic patterns on
both clear acetate lantern slide size 3H" .\ 4" (.020
thick) and .012" thick white Kromekote paper 3%" x V/2"
(coated one side): two piece 3!4" x 4" 150-dot screen on
lilm. Copy Dr. Osiers book, "The Science of Moire Pat-
terns", an authoritative introduction to the fascinating
Horld of iiinire.

Stock No. 70.719-E (KIT "A") , $8-50 Ppd.
Stock No. e0.464-E (without book) $6.50 Ppd.

NOW AVAILABLE IN FULL COLORS
Wait 'til you see the famasiic rainbow of color— all 8 pat-
terns above in full transparent colors, red, vellow and blue
pins black dotal 40). Compi. instructions.
Stock No. 60.530-E (Kit A) $|2.50 Ppd.

NEW DE LUXE EXPERIMENTERS' MOIRE KIT "B"
Eight new totally different black and white patterns-
Coarse sines; G5-lino sines; perspective squares; mediuiii
grating: Oaussian grating; converging circles; elliptical
zone plate; 30- line logarithmic spiral; plus instructions
by Dr. Oster.

Stock No. 70.790-E $6.00 Ppd.

NEW MOIRE KIT "B" IN COLOR
8 new patterns aliove in red, yetluw and blue; plus black
(total 40) with inst. by Dr. Oster.
Stock No. G0.53I-E $12.5 Ppd.

NEW JUMBO 20" x 25" MOIRE PATTERNS
E.\cellent for displays and signs. Write for details and

MOIRE PATTERN ACCESSORY KIT. For additional
e.\perimenls. Inel. metallic balloon, calcile. two kinds of
dillracting gratings, one-way mirror foil, polarizing mate-
rials. Ronchi rulings, assortments of lenses
Stock No. 60,487-E $8.00 Ppd.

Terrific Buy! American Made!
OPAQUE PROJECTOR

Projects illusiraliuiis up to S" 1 ^Iq"
and enlarges them to 35" i 30" if
screen is U

I/2 ft. from projector;
larger pictures if screen is further
away. No film or negatives needed.
Projects cliarts, diagrams, pictures.
phoKis. lettering in full color or
blaeU-and-white. Operates on 115

TOlt, A.C current fi ft. extension cord and plug included
Operales m. lU) Halt ttulb, imt ini hided Size T"" x g" x
4'^" W, 1 Ih.. 1 oz. Plastic case with hullt-ln handle
Stock No. 70.iy<l E $7.35 Postpaid

OPAQUE PROJECTOR WITH KALEIDOSCOPE
ATTACHMENT

Same set as abo\e. but provides endless additional projecta
with evercbaiiging kaleidoscope patterns.

Stock No. 70,7I4-E SIO.PO Ppd.

SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES'
NEW WORKING MODEL
DIGITAL COMPUTER

ACTUAL MINIATURE VERSION OF
GIANT ELECTRONIC BRAINS

Fascinaliiig nm .le- ini i>iigii mu.lei
~ /h^.

computer ;u tiially soliea problems.
teaches computer tnndaiiieiitals. Adda.
subtracts, miiltiiilies. sliifis. coiiipiemeiiLs, carries, tnem-
unzes, counts, cum pa res, seipienees. A tli actively colored,
rigid plastic pans ea.-;ily assembleil. 12" x 31,2" x 4%".
Incl. slep-hy-step assembly diagrams, 32-page instruction
book covering o(icration. computer language (binary Bys-
icm), programinin;!. nniblcms and 15 experiments.
Stock No. 70,683-E $5.98 Ppd,

Order by Stock No.-Send Check or MONEY ORDER
Money-Back Guarantee

EDMUND SCIENTIFIC CO., Barrington, N. J.

MAIL COUPON for FREE CATALOG "E"

EDMUND SCIENTIFIC CO..
Barrington. New Jersey 08007
Completely New 1966 Edition-

148 Pages-Nearly 4000
Bargains

Please rush Free Giant Catalog E
Name
Address

City Zone State

1

mmm

ORDER BY STOCK NOWBER • OPEN ACCT. TO RAUD FIRMS • SAT/SFACT/ON GUARANTEED!

• / BARRINGTON, NEW JERSEY 08007^'i.Mii:i»M--nn:niJi.



AMERICA'S HOLY LAND IS JUST OFF UTAH 47

rf.'^

There is a feeling of utter timelessness about Utah's Monu-
ment Valley with its brilliant sands, freestanding monoliths

and primitive Navajo Indian culture. So like the Holy Land
— /)/(/ ,\Y) much closer! You must see Monument Valley, one

of the many great wonders in Utah's fabulous Canyonlands.

Adventure awaits you in every part of Utah where there

are three national parks, nine national monuments, nine

national forests, 22 major lakes and reservoirs and 27 state

parks. So many fun things to do, too. Boating on Lake Powell

. . . fishing at Flaming Gorge (it's fabulous). You'll love Utah!

Dead Hi)rs,e Point Slate Park, one of Utah's Each .liinc thou.sand.s of people and their boats During the late summer and early fall Ian

most spectacular views, overlooks hundreds of embark on the Frie - -
miles of the new Canyonlands National Park, and Colorado Rive

; Mail this coupon today for your FREE Utah Travel Kit: full-
\

1
color Utah booklet; complete fact book on attractions, events, •

• accommodations, rates; and highway map. I

', UTAHTRAVELCOUNCIL. DEPT no t

; COUNCIL HALL • CAPITOL HILL •

SALT LAKE CITY. UTAH 841 14 •

', NAME •
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A 74 PAGE BOOK WITH 40 FULL COLOR REPRODUCTIONS

'GEMS'
IN THE SMITHSONIAN INSTITUTION COLLECTION

Publishers of Select Books for 120 Years

I

Fully as fascinating as a jeweler's showcase, this

book transports the reader through the carpeted

majesty of The Smithsonian Institution's Hall of

Gems for a look at the magnificent collection

belonging to the people of the United States.

Whether you're interested in the cold facts of

gemology, techniques of gem cutting, gem lore,

or would simply like to be a "museum visitor"

through the pages of this book, you will enjoy

each paragraph and picture. (Surprised that The

Smithsonian Institution is in the publishing busi-

ness? Most people are. We haven't talked about

it much until now.] Order your copy of GEMS
today. "Extras' for gifts.

GEMS IN THE SMITHSONIAN INSTITUTION
by Paul E. Desautels, Associate Curator, Divisional '^ C
of Mineralogy, (including postage and handling) j^^^

7 DELIGHTFUL CHAPTERS
• The National Gem Collection

• The Study of Gems
• The Shaping of Gemstones

• Gem Lore

• Gem Substitutes

• The Principal Gem Species

• Some Notable Gems in the Collection

Manager, Museum Shops, Dept. 40

Museum of History and Technology

THE SMITHSONIAN INSTITUTION
Washington, D.C. 20560

Please send me GEMS at $1.25 (including postage)

NAME-

ADDRESS-

CITY

THE SMITHSONIAN INSTITUTION
^Z-**^ J^-^iC^Ci^ ^'M ^rui-^^ ^ff-r'y^A..*^' A / / C.' Cc^^-y



It's Hard To Tell That

These Are Copies
BUT WE KNOW THAT THEY ARE-

WE HAVE THE ORIGINALS IN OUR COLLECTIONS

TLINGIT RAVEN

DEITY PIN
AND PENDANT

PRE-COLUMBIAN
FIGURINE PIN

PERUVIAN LLAMA

I TLINGIT RAVEN This is a reproduction of a 19th cen-

tury stone pipe carved by the Tlingit Indians of coastal

Alaska. The figure is a young raven with open mouth
and is 3" high. The Tlingit regarded the Raven as a clan

ancestor, and he was considered a culture hero of the

Northwest Coast tribes. $5.75.

DEITY PIN AND PENDANT An adaptation from the

center of a wood carving—"The Magic Circle of the

Five Protectoresses." Approximately 21/2" high. Gold
electroplated. Pin . . . $3.50, Pendant . . . $3.75.

Please add 250 per item for postage and handling—and Local Taxes—
where applicable. Members of the Museum are entitled to a 10% dis-
count.

Please send your check or money order to

PERUVIAN LLAMA Figures such as these have been
found throughout the territory of the Inca Empire. The
originals were made during the 15th and 16th cen-

turies. The replica is silver plated and stands about"
2" high. Available as a figurine (illustrated), a pin, or a
tie clasp. Please specify. Figurine on stand . . . $2.75.

Pin... $2.75, Tie Clasp ... $2.75.

PRE-COLUMBIAN FIGURINE PIN The original dates

from the 14th or 15th century A.D. and is in a style

native to Varaguas, Panama. Approximately 2%" high.

Gold electroplated. $5.00.

The American Museum of Natural History, New York, New York 10024
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COVER: This male frigate-bird, whicli is somewhat impeded by its wobbling

gular sac, is flying from one display site to another. There it will alight, fully
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be flying overhead. The frigate-bird, a member of the same order as tropic-birds,

pelicans, gannets, boobies, cormorants, and anhingas, has many strange behavior

patterns. These are discussed on pages 32 to 39 by Dr. Bryan Nelson who, with

his wife, studied the birds on Tower Island in the Galapagos. The cover photo

was taken by Karl Kenyon, and all those that illustrate the text by Dr. Nelson.
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Four superb new additions to

highly praised books in arc

PRAEGER'S
ihaeology

—

The ANCIENT PEOPLES AND PLACES

n less than a decade this has become THE
series in archaeology. With the addition of

the four new titles, a total of forty-six vol-

umes, under the general editorship of Dr.

Glyn Daniel of Cambridge University, will

be available.

"One of the most interesting series of

books in the trade . . . will encompass all of

the world's major archaeological sites."

—Book Week. "Excellent . . . magnificently

illustrated."—The New Yorker. "Most orig-

inal and valuable."—L/brary Journal

The four new titles

1. ARCHAEOLOGY UNDER WATER
GEORGE F. BASS. The new science of underwater archaeology

is as thrilling as it is important. An experienced American
underwater archaeologist presents a fascinating general intro-

duction to all its phases, ca. 250 pp. 63 black-and-white illus.,

44 line drawings, 3 maps.

2. ECUADOR
BETTY J. MEGGERS. Crossed by numerous rivers and
bordered by the Pacific, Ecuador was a meeting place of many
cultures throughout South America's prehistory. In this dis-

tinguished survey, a Research Associate at the Smithsonian
examines the significance of cultural and environmental fac-

tors during four prehistoric periods, ca. 220 pp. 76 photogs.,

42 line drawings, maps, tables, bibliog., index. June

3. CENTRAL AND SOUTHERN ITALY Before Rome
DAVID H. TRUMP. This first general work on Italian prehistory

to appear in English during the last 55 years brilliantly spans
the period from the first human settlement on the peninsula

to the time when the archaeological record becomes linked

with that of classical Greece. The author is a former Curator

of Archaeology at the National Museurn of Malta, ca. 220 pp.

81 black-and-white illus., 50 line drawings, 10 maps, tables,

bibliog., index. June

4. SOUTHERN AFRICA During the Iron Age
BRIAN M. PAGAN. A noted specialist surveys the Iron Age
cultures of Zambia, Rhodesia, and South Africa, combining
the knowledge of the historian with that of the archaeologist.

The result is an absorbing study not only of artifacts and
potsherds but of the 2,000-year story of the Iron Age men
themselves. 250 pp. 56 photogs., 39 line drawings, bibliog.,

index.

PREVIOUSLY PUBLISHED

5. THE EGYPTIANS
Cyril Aldred

6. THE VIKINGS
Holger Arbman
7. THE IBERIANS
Antonio Arribas

8. TROY AND THE TROJANS
Carl W. Blegen

9. THE ETRUSCANS
Raymond Bloch

10. THE ORIGINS OF ROME
Raymond Bloch

11. PERU Revised Edition
G. H. S. Bushnell

12. CELTIC BRITAIN
Nora Kershaw Chadwick

13. EAST ANGLIA
R. Rainbird Clarke

14. MEXICO
Michael D. Cos

15. THE GREEKS IN IONIA
AND THE EAST
J. M. Cook

16. THE GREEKS UNTIL
ALEXANDER
J. M. Cook

17. THE MEDES
AND PERSIANS
William Culican

18. WRITING
Its Origins and Early History
David Diringer

19. MALTA
John D. Evans

20. SOUTH WEST ENGLAND
Aileen FoK

21. THE BALTS
Marija Gimbutas

22. BRITANNY
P. R. Giot

23. THE EARLY CHRISTIANS
Michael Gough

24. THE CANAANITES
John Gray

25. SARDINIA
Margaret Guido

26. THE PHOENltlANS
Donald Harden

27. POLAND
Konrad Jazdzewski

28. DENMARK
Before the Vikings
Ole Klindt-Jensen

29. THE LOW COUNTRIES
S. J. de Laet

30. CZECHOSLOVAKIA
Jiri and Evzen Neustupny

31. NEW GRANGE
And the Bend of the Boyne
Sean P. O' Riordain

32. EARLY CHRISTIAN
IRELAND
Maire and Liam de Paor

33. THE CELTS
T. G. E. Powell

34. COLOMBIA
Gerardo Reichel-Dolmatoff

35. SWEDEN
Marten Stenberger

36. WESSEX
Before the Celts

J. F. S. Stone

37. THE BYZANTINES
David Talbot Rice

38. THE SCYTHIANS
Tamara Talbot Rice

39. THE SELJUKS
In Asia Minor
Tamara Talbot Rice

40. THE MYCENAEANS
Lord William Taylour

41. THE ART OF THE
ROMANS
J. M. C. Toynbee

42. CHINA
Before the Han Dynasty
William Watson

43. BONES, BODIES, AND
DISEASE
Evidence of Disease and
Abnormality in Early Man
Calvin Wells

44. EARLY INDIA AND
PAKISTAN
Sir Mortimer Wheeler

45. THE ANGLO-SAXONS
David Wilson

46. THE GREEKS IN THE
WEST
A. G. Woodhead

Each volume, magnificently illustrated, $7.50. At your bookstore, or use the coupon now.

FREDERICK A. PRAEGER, Publishers, 111 Fourth Avenue, New York, N.Y. 10003

Sirs: Send me, postpaid, a copy of each of the numbered
titles, listed above, I have circled here. Each volume is fjame
priced at $7.50. My n check money order for $ .

is enclosed.

L.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 17 18

19 20 21 22 23 24 25 26 27 28 29' 30 31 32 33

34 35 36 37 38 39 40 41 42 43 44 45 46

Address-

City, State, Zip .

New York residents, please add sales tax



A naturalist's

exploration

of one of the

greatest

North American
waterfowl

BLACK DUCK
SPRING
by Bruce S. Wright

Director, Northeastern Wildlife

Station, University of New
Brunswick, and Life Member,
American Ornithologists Union

This superbly told story of the life

of a single black duck — his cyclical

migrations, mating, and precarious

existence—is a fascinating evocation

of the world of Nature in northeast-

ern America. It is also the dramatic
tale of this and many other species'

fight against waste, wanton slaught-

er, and poisoning by man-made pol-

lutions. Scrupulously accurate, im-
mensely appealing, marvelously
descriptive, and beautifully illus-

trated. $4.95

E. E BUTTON & CO. ipr|

201 Park Ave. So., N. Y. 10003 *»-,

Can America stave off

water starvation?

The brilliant research chem-
ist who wrote The Breath
OF Life, a study of air pollu-
tion, now offers an outraged,
expert discussion of water
and what we have done to
destroy our streams and
rivers, beaches and lakes —
and how, perhaps, we can
win the race "to clean up
our once sweet waters."

Illustrated.

«^C^

§

DEATH B^
OF THE

-—

.At all bookstores • 85.95

W. W. NORTON & COMPANY, INC
New York, N. Y. 10003

BOOKS!IN REVIEW

The meaning of science
IBy Jane Oppenheimer

The Scientific Revolution, by W. E.

Knowles Middleton. Schenkman Pub-

lishing Co., $2.65; 88 pp., illus. The
Challenge of Science, by George Boas.

University of Washington Press, $2.95;

92 pp. The Identity of Man, by J.

Bronowski. The Natural History Press,

S3.95; 107 pp.

SCIENCE means knowledge—scire is to

know—and since man became man,
knowing has been his most important

and characteristic activity. One of the

more interesting aspects of science in the

mid-twentieth century is that it tries to

acquire knowledge not only of nature but

also of itself as an inquiry into nature.

Science today is thus a highly self-con-

scious discipline. Scientists, as well as

some of the ablest minds of philosophy,

address themselves to the problems of

what science is, of what it means to man,

and of what man means to himself in the

light of scientific and other-than-scien-

tific knowledge.

These are popular subjects for lec-

tures, and series of lectures have ways

of transforming themselves into books;

the three small books under review here

all had such beginnings. W. E. Knowles
Middleton's The Scientific Revolution is

based on a series of lectures delivered

over the Trans-Canada Network of the

Canadian Broadcasting System; George

Boas' The Challenge of Science repro-

duces three John Danz lectures delivered

at the University of Washington; and the

essays by J. Bronowski on The Identity

of Man were presented at The American
Museum of Natural History to inaugu-

rate its new series of lectures on "Man
and Nature."

Some scientists find that looking at

science historically helps them formulate

what science is and how it operates.

Middleton is a physical scientist of dis-

tinction who has specialized in optics,

and who in his retirement is devoting

himself to the history of science. His

book, rather unconventionally, unevenly,

and unattractively printed, attempts, in

its own words, "to provide a concise ac-

count of the development of man"s view

of the physical world from the earliest

times up to about the year 1700." Cover-

ing this much physical science in 81

pages permits little opportunity for

either depth or originality. The account

is straightforward and simply presented,

but while the lectures may have been suc-

cessful, their publication does not add
greatly to the sum of human knowledge.

The Challenge of Science is also un-

conventionally printed with respect to

typography, but its pages are exception-

ally beautiful. The Danz lectures are de-

livered by scholars concerned with the

impact of science and philosophy on

man's perception of a rational universe.

Boas is a historical philosopher with a

particular interest in esthetics. His lec-

tures discuss in turn the challenge of

science to the arts, to philosophy, and to

religion. He sees science as experience,

and he questions how the scientific ex-

perience differs from and resembles the

artistic, the philosophical, and the re-

ligious experience. But he goes furtiier

than this. He says in his introduction:

"It would make no sense to ask a scien-

tist, "What is your physics or chemistry

or biology?' but it does make sen,se to

ask a philosopher, 'What is your philoso-

phy?' " His own philosophy includes the

recognition that there are esthetic and

intuitive elements in science; yet these

elements are for him only two of many
factors influencing the impact of science

on art, philosophy, and religion.

The word philosophy sometimes has a

different connotation to the layman and

to the professional. When the former

asks. "What is your philosophy of life.''"'

the latter tends to frown at the form of

the question, to ignore its last two wortls.

and to couch his reply in both jargon and

concepts formulated on a plane above

the reach of the inquirer. Not so Boas;

his lectures are written in the framework

of life as it is lived, of science as it is

experienced, of art as it is created, of

religion as it is believed in, in the year

1965. His imaginative discussion of the

meaning of science in 1965 will be lucid

to readers at all levels who care to think

about science and the thoughts, crea-

tions, and beliefs of man in their broad-

est relationships.

The Challenge of Science is discursive

rather than expository, and wonderfully

written. So also is Bronowski's The Iden-

tity of Man. Bronowski. Deputy Director

of the Salk Institute for Biological Stud-

ies, like Boas, constructs a philosophy

for modern man ; like Boas he lives by

the belief that "the act of discovery in

science engages the imagination ... as

truly as does the act of creation in the

arts," but he develops his thesis differ-

ently from Boas. The latter, in discussing

the nature of experience, points to its

private quality. But where Boas looks

upon private experience somewhat from

without, as becomes a philosopher. Bro-

nowski looks more deeply into the pri-

vately experiencing self. In one essay he

4



describes science as an account of the

imachinery of nature in linguistic terms;

in another, he probes the acquisition of

nature through art, specifically through

iliterature, more specifically through

idrama and poetry. He concludes that

"the identity of man derives from the

coming together of two modes of experi-

ence, and is fixed in two modes of knowl-

edge: knowledge of the physical world,

.and knowledge of the self."

"What is man," asks the Psalmist,

"that Thou art mindful of him?" Bro-

nowski helps us to know what is man,

and with Boas, helps us to understand

him in a world for which the Psalmist, as

well as the scientist, is a spokesman.

Dr. Oppenheimer, Professor of Biology

at Bryn Maivr College, is interested in

embryology and the history of science.

Fair Isle and its Birds, by Kenneth

|( Williamson. Oliver and Boyd (Edin-

burgh), 30s.; 311 pp., illus.

This is an enjoyable, largely non-nar-

rative account of Fair Isle, the re-

motest inhabited British island—its peo-

ple, history, and birds—written in clear,

extroverted style with many fine descrip-

tions, although some of the "human
touches" made me squirm a little. Imma-

ture Arctic jaegers are described as be-

ing in the "Youth Club . . . interested

only in having a gay time," and "we were

shocked to find that Arctic skuas have . .

.

divorces just like human beings."

The book has real meat, although it

avoids detailed analysis. Most of the ma-

terial has appeared elsewhere, but it is

good to find it gathered between two

covers. The lucid exposition of weather

and its relationship to migration, cou-

pled with evocative writing about the

birds, lends immediacy to the account;

I felt as exhausted as the Wheatears

after their 1,500 mile trip from Green-

land to Fair Isle, round the rim of a de-

pression. Williamson has long worked

like a beaver at his version of migration

"drift" (which involves flying downwind,

not suffering mere lateral displacement

from a preferred course). In this book

he gives so much supporting evidence

for his thesis that he should have dis-

cussed the alternative interpretation.

His treatment of bird behavior is

weaker; it lacks clear formulation on

general topics (displacement reactions,

substitution activities, ritualization ) . and

confuses causation and function.

Strangely, he fails to acknowledge Lor-

enz, Tinbergen, or any other ethologists

who were largely responsible for these

concepts. Although it was good policy

to omit a detailed bibliography, he does

make appropriate blanket references on

other topics—why not on behavior?

The sketches are adequate, but I do

The unique and

f/wonderful world of . .

.

The Life of Fishes
iV. B. Marshall a major contribution to the under-

standing of fishes, the most diverse of the animals with back-

bones. Today some 20,000 species exist in all manner of

aquatic habitats. THE LIFE OF FISHES is largely

concerned with the amazing adaptability of these

vertebrate masters of river, lake, and ocean.

N. B. Marshall. Senior Scientific Officer in the

Department of Zoology at the British Museum
(Natural History) offers authoritative information

on all phases of fish life and behavior. How
fishes move, breathe, produce heat, light,

and sound; how they feed and grow; how
they associate in schools; how they migrate,

court, mate, and learn are among the many
topics lucidly discussed in the first part of

the book. The second part of the volume is

devoted to the early life of fishes, the most
critical period of their existence. A chapter

on ways of reproduction leads to a review of
life histories in marine and freshwater
habitats. The living space of fishes are

examined in the final part.

The third volume in the World
Natural History series, this

nontechnical but completely
comprehensive and distinctive volume
will be rewarding reading to lovers of
natural history, as well as of immense

value to ichthyologists and other

researchers.

320 Pages $12.50 24 pages of
Plates in black and white

4 Pages of Color Plates;

and 84 line drawings

ALREADY PUBLISHED
THE LIFE OF

PLANTS ILLUSTRATED
360 pages, $12.50

by E. ]. H. Corner. F.R.S.

'An extraordinary account of how plants

have become what they are . . . one
cannot fail to be impressed by the mass

of data assembled."—The American
Horticultural Magazine

THE LIFE OF INSECTS
Illustrated, eVi x9'/2, 400 pages, $12.50

by V. B. Wigglesworth, F.R.S.

'An excellent presentation of insect

^ physiology and its effects for college
students, high school students and

the amateur entomologist."

—Choice



From the birth of the
kangaroo to the bloody
lunch of a vampire bat

—here is the fascinating
"inside story" of daily

life in the zoo

A ZOO
MAN'S NOTEBOOK

by
Lee S. Crandall

with the collaboration of

William Bridges

This affectionate account ol

a half-century of zookeeping
contains a wealth of informa-
tion and anecdotes about ele-

phants (some have pink
spots!), okapis, olingos, ant-
eaters, platypusses and many
other animals — none of whom
will appear the same to you
once you've read this book.

Mr. Crandall, General Cura-
tor Emeritus of the New York
Zoological Park, is the author
of THE MANAGEMENT OP
WILD ANIMALS IN CAP-
TIVITY, published in 1964
and instantly hailed as the
zookeeper's bible. Drawing on
this comprehensive work, he
presents readers with little-

known lore about the complex-
ity of managing a zoo along
with hundreds of surprising
facts about animals. For ex-
ample : what creature swings
upside-down and eats ice
cream?'" What looks like a
bear, acts like a bear, but is

really a raccoon?'^' Mr. Cran-
dall's love for animals shines
through the pages of this en-
tertaining, enlightening book
— perfect for animal-lovers of
all ages. 70 photographs. $4.95

(1) The Kinkajou (2) The Panda

Order from your bookstore or
order on the coupon below.

The University of Chicago Press
Department NH-5
57.50 Ellis Avenue
Chicago, Illinois 60637

Gentlemen:

Please send me copies of A
ZOO MAN'S NOTEBOOK by Lee S.

Crandall @ .?4.95. I enclose

O check

NAME
n money order.

ADDRESS
CITY

STATE ZIP CODE.

not quite understand why so many gen-

eral photographs of Fair Isle were in-

cluded, while there were so few (and

those ordinary) of the birds. Still, this

is a good buy. containing a stimulating

and well-mixed collection of information.

Bryan Nelson
Aberdeen University

The Natural History of Flies, by

Harold Oldroyd. JF. W. Norton & Co.,

$8.50; 324 pp., illus.

Atremendous amount of data on Dip-

tera is to be found in the scientific

literature, and although several excel-

lent general accounts on the biology of

these insects have been published, none
has been available in the English lan-

guage. Oldroyd's survey of the natural

history of the group fills this gap, and

also has a highly original approach. His

theme is "the evolution of flies, using

their natural history to show how each

group represents a stage in the more effi-

cient exploitation of natural resources."

The two main evolutionary lines in

the Diptera are the Nematocera (midges,

true mosquitoes, and their allies) and

the Brachycera (or flies proper). Per-

haps nothing better characterizes Old-

royd's style and observational sensitivity

than his remark on the Brachycera as

opposed to the Nematocera: "Though
some of them are quite small, they lack

the fragility of the midges. Even the

slender ones have bulk, and in a curious

way. individuality. If we see one midge,

or even one mosquito, we instinctively

look for others; but one fly goes about

its business in a seemingly purposeful

way. and is self-sufficient."

General remarks on the Diptera, their

over-all classification and life history,

are followed by the main portion of the

book, which I would like to call a com-

parative biology of the families of Dip-

tera. Oldroyd demonstrates how the

various taxa. either individually or in

groups, show different levels of struc-

tural and biological organization, and

are adapted to different and progres-

sively more specialized ecological niches.

The author's data are derived from ex-

tensive sources and supported by a care-

fully done bibliography.

The last, and especially fascinating,

chapter is called "The Past. Present and
Future of the Flies." Recently successful

flies—those with a large number of taxa

and wide distribution—are contrasted

with those declining or on the way to

extinction (in the evolutionary sense),

characterized by possessing a reduced

number of genera and species, and often

a limited geographical distribution.

Oldroyd also stresses the role man
plays in determining the future of flies.

The Tabanidae, or horse flies, furnish a

good example. This is a family with

hundreds of species; the adults of some

attack man and domestic animals, but!

the vast majority feeds on the blood of

wild animals. These flies are now being

affected to a large degree by drainage

of land, which destroys the sites where

the aquatic larvae live. Large-scale game
destruction, which eliminates the food

sources of the adult tabanids. contributes

to a possibly dark future for many of the

species of this family. More direct meas-

ures, such as the often indiscriminate

application of insecticides and other con-

trol activities, will also have conse-

quences. Oldroyd speaks for all biolo-

gists when he states that "we have discov-

ered organic evolution just at the time

when our own activities are putting a

stop to it in many directions, or at least

violently altering its course."

The book is beautifully printed. The

drawings, most of them done specially

for this work by the excellent entomol-

ogical illustrator Arthur Smith, are well

chosen, technically perfect, and flaw-

lessly reproduced. The reader not well

acquainted with the Diptera will be es-

pecially grateful for the generally good

and sometimes dramatic photographic

illustrations. Considering the apparent

excellence of the original photographs,

however, one could wish for better re-

production quality.

The Natural History of Flies is full

of facts and ideas presented in a lively ^

and interesting style; I recommend it

highly. Although probably written for

the non-specialist, it will hold the atten-

tion of almost any entomologist who has

not lost the sense of wonder before the

manifold variety of life.

Pedro Wygodzinsky
The American Museiin.

The Quest for Sumer, by Leonard Cot-

trell. G. P. Putnam's Sons, $4.95; 222,

pp., illus.

THERE has long been an opportunity'

for the writing of a short, accurate

and exciting book introducing students'

and the layman to the history of arche-

ology in southern Mesopotamia, the

home of the ancient Sumerians. Since

the middle of the last century, this land

(which was called Sumer, not Sumeria!

)

has been the object of many expeditions

Their history includes both exciting ad-

ventures and the thrill of discovery as

new finds unrolled the story of these

ancient people. The record of how ar

understanding of the significance ol

their remains developed challenges the

intellect and poses unsolved problems

for further consideration.

The author unfolds his tale in a propei

chronological order, but the book lack;

the warm understanding and persona

involvement that made Cottrell's earliei

books entertaining reading. Clearly (a-

he himself says) his heart belongs ti

Egypt. The chapters dealing with th<



Accomplished
scholarship

with a
puckish
spirit

HUMAN NATURE
IN GEOGRAPHY
Fourteen Papers, 1925-1965

by JOHN
KIRTLAND WRIGHT
A man whose life-long work
has added immeasurably to

the understanding of geog-
raphy shares his mature re-

flections on the role of human
emotions, motives, and be-
havior in its history. He roves
delightfully from an account
of the methods used to meas-
ure mountain heights to a
consideration of the geogra-
phy of demonology and the
debt Coleridge's imagery in

Kubla Khan owes to an 18th
century book of Floridian
travels. We are taken, as J.

Russell Whitaker says in his

Foreword, on "a personally
conducted tour of the cathe-
dral of learning that geogra-
phers have built, by one who
has had a significant part in

its construction. . . . We see a
geographical scholar at seri-

ous work and at the same time
at play, his findings shot
through with the joyful antics
of an adventurous, imagina-
tive mind." Illustrated. $10.00

CLIMATIC CHANGE
Edited by

Harlow Shapley

Why climate changes and
what its changes do to the
earth and living things. This
fascinating book is "replete
with data and ideas of far-
reaching significance." —
American Scientist. Illus-
trated. 4th Printing. $7.00

Harvard
UNIVERSITY PRESS
79 Garden Street

Cambridge, Mass. 02138

recapitulation of the Ur expedition and
some of the features of Sumerian life are

acceptable enough; not so, alas, the

chapters dealing with early prehistory

and the flood story, which are sadly out

of date. Even more discouraging, the

volume is filled with inaccuracies caused

by bad editing, in addition to factual

error. The reader must be cautioned,

therefore, not to accept any statement

without reference to an authoritative

source. The idea of the book was a good

one; unfortunately, its execution is not

an acceptable treatment of the subject.

Robert Dyson
The University Museum

Life on the Sea-shore, by A. J. South-

ward. Harvard University Press, $3.00;

153 pp., illus.

DR. Southward is eminently qualified

to write about life at the seashore.

For many years his specialized research

activities have been in the intertidal

zone, which is defined as the "lowest

level uncovered by the tides to the point

washed or splashed by the waves at the

highest tide."

The intertidal zone is rigorous and

exacting. In this environment, which is

actually a composite of environmental

conditions, organisms must have bio-

logical properties that periodically per-

mit them to lead double lives—one in the

sea and one on land. Adaptation to one

environment is difficult, to two it is bio-

logical "featsmanship." Yet, in these few

feet of ocean a stunning variety of ani-

mals and plants (algae) have evolved

with the needed prerequisites.

The book is organized into several

sections. The first—and largest one—is

concerned with three major types of in-

tertidal zones: the rocky shore, the

sandy beach, and the mud flats, plus

estuaries and lagoons that have their

own special properties. Each zone con-

tains characteristic species, and each

species has its limitations of spread, de-

termined by biological factors, within a

zone. Species of each zone are described

generally, their upper and lower limits

between the tides are given, and they are

illustrated with zonal charts and draw-

ings, plus photographs.

In the second section. Dr. Southward

discusses the biological adaptations to

this double life, and the causes of zona-

tion are clearly explained. Biological

tolerance to temperature, desiccation,

submersion, wave action, and tidal move-

ment, for example, dictates the extent

and the range of the animals and plants

within the zones. Mode of reproduction

and development are also important in

intertidal distribution, in addition to

conditions of crowding and compatibil-

ity with neighboring species. The sec-

tion includes new findings, such as the

work on aerial respiration in barnacles.

New Second Edition

FIELOVBIOLOGY

AND ESOLOGY

By Allen H. Benton, State Univer-
sity College, New York; and Wil-
liam E. Werner, Jr., Blackburn Col-
lege

Here is a stimulating treatment of
today's field biology principles,
trends, and direction of research.
Cutting across main areas of out-
door biology, this excellent text
oilers a broad and accurate intro-
duction to taxonomy, community
ecology, population ecology, energy
transformation in ecosystems, be-
havior and conservation. It covers
historical aspects, and provides spe-
cial chapters on how to use biologi-
cal literature, and how to conduct
a field problem. An annotated ref-

erence list, and scores of illustra-

tions add to the value of this book.
496 pp., $9.50

Also of interest . . .

THREE CENTURIES OF

MICROBIOLOGY
By Hubert Lechevalier, and Morris
Solotorovsky, both of Rutgers, The
State University of New Jersey

Unfolded in this book is an absorb-
ing account of the development of
microbiology told in terms of its

founders, their contributions, and
writings Single chapters tell unified

stories so that they can be used in

a variety of courses as supplemen-
tary reading. 544 pp., $12.50

A SHORT HISTORY OF GENETICS

By L. C. Dunn, Professor of Zool-
ogy Emeritus, Columbia University

Traced here is the historical devel-
opment of some of the central ideas
in classical genetics—from Men-
del's paper of 1865 to the year 1939.
Treating principles of heredity, the
book covers the important forma-
tive period before widespread use
of microorganisms and biochemical
investigations gave rise to molecu-
lar genetics. 300 pp., $7.50

See these books at your bookstore
or mail this coupon

10-DAYS FREE EXAMINATION

McGRflW-HILL BOOK COMPANr,
330 West 42 Street, New Yorl<, N. Y. 10036
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10 days I will remit for book(s) I

keep, plus few cents for delivery
costs, and return unwanted book(s)
postpaid. (We pay delivery costs if

you remit with this coupon—same
return privilege.) Include sales tax
it applicable.

n Field Biology & Ecology $9.50

Three Centuries of Microbiology $12.50

n A Short History of Genetics $7.50
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"MASSIVE AND FRIGHTENING."
— Denver Post

This fearless, crusading

new book exposes

the wanton destruction of

our water resources!

DISASTER
BY DEFAULT

Politics and Water Pollution

by FRANK GRAHAM, Jr.

"A vivid and shocking account of the

price we have paid, and have yet to pay,

for this perversion of economic sense in

the destruction of our water resources.

... a highly readable book." — Charles
H. Callison. Assisiaiit lo ihe President,

Audubon Society

"Frank Graham, Jr. does not equivo-

cate. He tends to call a spade a damn
dirty old shovel. . . . will keep you alert

to the rise of pollution in the origins of

your own water sup- __.-—^ _
ply!"—Monroe Bush, ^^^sJEJ^'^

American Forests ;; i-jic;\srKI^

At all bookstores $4.95 '=

or send direct to:

M.
I
EVANS

I

AND COMPANY, INC.

216 East 49th Street, New York 10017

The third section is devoted to some
quantitative methods of analyzing the

sea and the ways in which life at the

seashore can be studied. Scattered

throughout the book. too. are relatively

simple experiments that the amateur

marine ecologist can carry out.

It is a small book that can easily be

carried by an intrepid explorer with

damp sneakers. It is well sprinkled with

quantitative data, and the writing is

tight. Its information is highly concen-

trated and nourishing, like dehydrated

soup. The intertidal zone is one of the

best training grounds for aspiring zoolo-

gists, although Dr. Southward points out

that the reader must have some knowl-

edge of invertebrate groups before em-

barking on a study of the seashore.

Unfortunately, the printing job leaves

something to be desired, and the charts

showing the distribution of the animals

and plants are sketchy, although the

other diagrams in the book have a much
better and more definitive quality. The

glossary is fair, the index adequate, and

the suggestions for further reading in-

corporate many original research papers.

One point that should be mentioned

is that the book is written about the

British coast, but fortunately, animals

and plants are not chauvinistic, and

Britain's floral and faunal distribution is

comparable to many areas throughout

the world.

I recommend the book as an introduc-

tion to life at the seashore.

Evelyn Shaw
The American Museum

AjANTA. by Madanjeet Singh. The Mac-

millan Co.. S19.95; 189 pp.. illus.

THIS is the first comprehensive work

on the Ajanta paintings to appear in

the American press. These Buddhist

cave paintings, the oldest in the world,

range in date from the second century

B.C. until the seventh century A.D.

Painted by Indian Buddhist monks, the

Ajanta murals represent prototypes of

all later Buddhist art in Asia. This book

will probably become the definitive treat-

ment of the exquisite paintings in terms

of skill of organization and clarity of

presentation for large audiences. Mr.

Singh's sensitive exposition is inter-

spersed with summaries of .lataka stories

—parables told by the Buddha to illus-

trate points of theology. These add im-

measurably to the Westerner's under-

standing of individual murals. The last

section of the book is devoted to a de-

tailed description of seventeen of the

caves, and ties the vast panorama of the

murals into a meaningful whole.

Since the soft, luminous quality of

many of the Ajanta paintings is almost

impossible to capture with a camera, the

illustrations are about as good as one

can expect. Some, however, appear to

have been retouched. A plate showing
the Bodhisattva Padmapani of Cave 1,

perhaps the masterpiece of all Ajanta,

has retained little of the mysterious lus-

ter it provides the viewer on the site.

While Mr. Singh extols the beauty of the

Ajanta women in the paintings, some of

the loveliest have not been included.

This book is a distinguished achieve-

ment. The author skillfully links the con-

text of the murals to the contemporary
scene of the time in which they were
painted. What seemed underplayed was
the individual Buddhist artist-monk's

religious intent in his works. Mr. Singh
instead stresses the nuances of art styl-

ing and the delineation of transitional art

forms. However, the entire work makes
a book of rare beauty that is a major
contribution to the history of Asian art.

Robert S. McCully
Cornell University Medical College

Deities and Dolphins, by Nelson
Glueck. Farrar, Straus and Co., $15.00;

650 pp., illus.

THIS handsome book is about a tal-

ented people who should be better

known, for they have bequeathed to us

some of the world's most beautiful re-

mains, including Petra. Dr. Glueck has

devoted over thirty years to the study,

exploration, and excavation of Naba-

taean sites. Although his excavations at

Khirbet Tannur and his archeological

surveys of hundreds of other sites are

central in the discussion, the book delves

into Nabataean history, art, religion, and

foreign connections.

From around 200 B.C. to A.D. 200, a

number of caravan cities and city-states

flourished in the Near East. One of them
was the Nabataean kingdom whose capi-

tal was Petra. The realm grew rich by

providing security in exchange for the

tolls paid by the caravans. It was well

located for taking advantage of the trade

routes from south Arabia to the Mediter-

ranean, and from Egypt to Jerash and

Damascus. Rome cast covetous eyes on

the caravan cities and vanquished them

one by one.

The Nabataeans were Arabs who wrote

in Aramaic, and who had absorbed much
Greco-Roman culture. They borrowed

creatively, for their buildings, carved out

of the purple mountains at sites like

Petra, are adorned with Greco-Roman

facades of indescribable beauty. The
Nabataean achievement is distinctive and

not merely imitative.

Dr. Glueck has been able to identify

a large number of Nabataean mounds
by the characteristic potsherds that lie

upon their surface. Nabataean pottery is

thin and delicate; it is usually light red-

dish brown in color and is often dec-

orated with black and dark-red geometric

patterns. Once anyone becomes familiar

with it, he will always be able to recog-



;ze it without difficulty. It was through

:e testimony of the surface sherds that

lueck discovered hundreds of aban-

iined Nabataean settlements.

This book will open new vistas for

any readers and impel some of them to

iclude Petra in their itineraries when

ey travel to the Near East. Petra is now

;cessible, and is equipped with a guest-

Duse adjacent to the "Castle of Pha-

loh's Daughter" in the midst of the

rins. The Arabs call Petra "Wadi

lusa" (The Valley of Moses), and con-

ect the landscape and buildings with

irious details of the stories about the

anderings of Moses and the children

f Israel. Accordingly the names of vari-

us spots in Petra refer to Moses, Aaron,

haraoh, and Pharaoh's Daughter.

Deities and Dolphins is the work of a

jasoned authority on an interesting

)pic. It is recommended to scholar and

lyman alike as the book par excellence

n the Nabataeans.

Cyrus H. Gordon
Brandeis University

'he Medes and Persians, by William

iulican. Frederick A. Praeger, $7.50;

60 pp., illus.

rHE "Ancient Peoples and Places"

series, of which this is volume forty-

wo, is composed of concise surveys of

arly nations and cultures. Professor

]ulican's book. The Medes and Persians,

3 in the high standard of authority and

eadability set by the series, and is to

)e strongly recommended.

The author, a professor in Semitics

It the University of Melbourne, achieves

I nice balance between sweeping sum-

nary and factual detail. His suggestions

md conclusions in thorny areas where

ew scholars agree are prudent. His story

Concerns the cultural history of the two

ranian peoples whose confederation

sroduced the fabulous Persian Empire

ihat ruled most of the then-known world

n the sixth and fifth centuries B.C. The

Bible shows the Persian kings in a rela-

ively friendly light, but every schoolboy

s thrilled by the heroic deeds of a hand-

ful of Greeks as they checked and finally

defeated the hordes of Oriental bar-

barians under Darius and Xerxes at

Marathon, Thermopylae, and Salamis.

This book shows that behind the ava-

dcious. despotic fagade described by

ihe classical writers, the Persians were a

cultured, sophisticated, politically as-

tute, and surprisingly tolerant people

!who preferred negotiating over gold-

laden dinner tables to war on the battle-

field. It is also true that they had their

full share of court intrigue, fratricidal

cupidity, treachery, and stupidity.

The beginnings of the Medes and

Persians in the dim years early in the

first millennium B.C. can only be vaguely

sketched. The literary records in which
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they are first mentioned are tantaliz-

ingly meager; archeological excavations

over the past few decades are slowly

filling out the picture. Hence, the art

and architecture uncovered by the spade

are of capital importance in our redis-

covery of these ancient peoples.

The Medes are still, in the main, an

unknown quantity, although the author

makes a convincing effort to isolate their

culture before they were absorbed into

the Empire. Unfortunately, we do not

have at present a single work that we
can identify without hesitation as Me-
dian. But there is an excellent chance

that archeologists digging in Iran today

may correct that situation. For the later

history of the Medes and Persians there

is rich and spectacular evidence in archi-

tecture, sculpture, textiles, and metal-

work. The fine illustrations in this vol-

ume picture the luxurious refinement of

the royal Persian courts before their

death knell was tolled by another empire

builder. Alexander the Great.

Bernard Goldman
Wayne State University

The Mammals, by Desmond Morris.

Harper and Row, $12.95; 448 pp., illus.

THE past few years have seen a rela-

tive wealth of works on the worlds
mammals. The approaches, as well as the

degrees of completeness and complex-

ity, have been varied. The Mammals,
as the subtitle A Guide to the Living

Species suggests, is an adequate guide

to the species, but it is by no means com-

plete. Of the four thousand odd species

of mammals, three hundred are covered

by some twenty lines of text and a

photograph of each. The text for those

included is concise, readable, and accu-

rate. There is a good introductory sec-

tion on the nature and evolution of mam-
mals and some useful tables, maps, and

charts that give the orders of mammals,
the number of genera and species of

each, and the distribution of the orders.

As an introductory guide, these portions

of the book are worth while.

For all but two of the nineteen orders

of mammals, the author has prepared

lists of the species, including the scien-

tific name, distribution, common name,

and references from which he obtained

the information. These lists are of use

mainly to the specialist in mammals, but

by omitting the bats and rodents, the

two orders that contain 62 per cent of

all mammals, Morris has greatly reduced

the utility of his work.

Priced at slightly more than half

the cost of Walker's Mammals of the

World (Natural History, April, 1965),

and containing one-third the number of

pages, this book is comparatively ex-

pensive for an introductory work.

Richard G. Van Gelder
The American Museum
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UMSlIN REVIEW

'Some shorts of interest
'By Linda S. Gordon

MONG the many scientific motion-pic-

ture films that have been produced

1 recent years, the following can be

icommended both for educational and

itertainment purposes. In general they

:e short, and they are especially useful

hen accompanied by science lectures

general interest programs.

The Colorful Cuttle is one of the best

!ms on cephalopods available for the

,
Ijblic. It begins with a brief introduc-

in to the cuttlefish, Sepia officinalis,

ivhich is related to the octopus and

luid) and continues with a study of its

et propulsion" swimming mechanism.

lots from underneath the animal illus-

ate how a specialized structure can be

irned in any direction to give the cuttle-

<h precise and rapid steering; similar

cws show how the same structure is

ied to excavate the hole in which the

iltlefish lives.

The next section of the film is devoted

I

various changes that take place when
iromatophores expand and contract,

msing waves of color to pass rapidly

, er the surface of the animal.

The final sequence shows the animal's

jility to produce the "ink" that acts as

,j
decoy or a "smoke screen." The ani-

I

al's ink sac, by the way, is the source

llie pigment sepia.

This fourteen-minute, color sound film

as produced by Plymouth Films, Ltd.,

co-operation with the Marine Biologi-

il Association of Plymouth, England. It

(J distributed by the International Film

» ! ureau, 332 South Michigan Avenue,

hicago, 111. 60604, and may be bought

,,
ir 1120.00 or rented for $6.00.

, The Octopus, produced by Germany's

:
istitut fur den Wissenschaftlichen, is

:
nother unusual film on cephalopods. It

a five-minute, black-and-white silent—

:
lie of a growing collection of interna-

onal scientific films at Pennsylvania

:
tate University, established with the aid

ir f a National Science Foundation grant.

The film is divided into five parts, the

i

rst illustrating the general motor activi-

iii,

I

es of the octopus, including respiratory

lit I lovements, probing by tentacles, walk-

I ig along the bottom, and swimming.
1. lie second portion portrays the concen-

I ration and dispersion of pigment. Some-
il'i limes the octopus may be nearly white;

t other times it can be marbled or al-

lost black.

The rest of the film shows the octo-

\ us capturing and eating a spider crab,

rranging rocks and shells in front of its

ave, and mating. The Octopus, as well

s other films in the international collec-

tion, is available on loan for educational

and research use from the Pennsylvania

State University Audio Visual Aids Li-

brary, University Park, Pa. This par-

ticular film may be borrowed for $2.20.

Others depict single types of behavior

among different species of animals or

plants; still others are ethnological, and

compare various tribal cultures.

How Pine Trees Reproduce is an

eleven-minute motion picture in color

or black and white. Produced by Dr.

William M. Harlow, Professor of Wood
Technology at the State University Col-

lege of Forestry, Syracuse University, it

shows the life history of a pine cone

from the floral stage to maturity, and

deals particularly with the effect of fire

on pine reproduction.

It is a widely accepted idea that in jack

pine, lodgepole pine, and knob-cone pine,

fire induces the closed cones to open.

This, it was thought, produces a large

number of seeds at once; these develop

into dense, pure stands of young trees on

the burned-over area. Recently, however,

it has been discovered that fire does not

open the cones directly, but only be-

gins the process. In most forest fires the

flames race through the tops of the trees,

burn off the needles, ignite the resin on

the cones, and then subside. About half

an hour later the cones open slowly,

releasing the seeds, which fall on the

cooling ground. Time-lapse photography

and photomicrography show the action

of the opening and closing cone scales.

This film, recommended for high school

students, is a winner of a Cine Golden

Eagle Award (1964) and a certificate at

the American Film Festival (1964). It is

distributed by Encyclopaedia Britannica

Films, 1150 Wilmette Avenue, Wilmette,

111. 60091. The purchase price is approx-

imately $120.00 in color and $60.00 in

black and white; rental is $5.00 in color

and $3.00 in black and white.

Fish, Moon, and Tides—The Grunion

Story has been selected by the Council

on International Nontheatrical Events to

represent the United States in foreign

film festivals. Also a Golden Eagle award-

winning film, it was produced by James

A. Larsen. Dr. Boyd W. Walker, Pro-

fessor of Zoology at the University of

California, served as science consultant.

The grunion, Leuresthes tenuis, is one

of the few fishes that spawn on land.

Thousands of these silvery, five- to six-

inch-long fish come out of the ocean be-

tween March and August to lay their

eggs on sandy beaches along the Pacific

coast from central California to Baja

^ri
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THE QUESTAR TELESCOPE IS A USEFUL TOOL OF SCIENCE

I know that your file of pictures taken with Questars is bulging with all sorts of items, but I am
sending you one more to add to your collection. The enclosed print is of a picture of a solar corona
taken by myself in Lae, New Guinea, on Feb. 5. 2962. The very bright coronal region on the west
litnb (the top in this particular print) was quite unusual and has been the object of much study since
the 1962 eclipse.

Sincerely yours, John JV. Firor, Director

High Altitude Observatory, Boulder, Colorado

The beautiful photograph above was made with
a 7-pound portable Questar. Since we make each
aspheric set of Questar optics at least three
times, their resolving powers are astonishing, and
each will support images of some 800 diameters
without breaking down. This unusual ability to
resolve, coupled with small aperture, allows these
little fellows to pierce indifferent seeing like a
slender rapier when larger apertures are more
severely damaged by heat waves, especially in

<Iayhght hours.

By using nothing but the finest parts procur-
able, no single fastening or setscrew of a Questar
could rust in the tropical rains of New Guinea.
Thus no special care was necessary on a trip

halfway around the world. We build Questars to
withstand severe climates of all kinds.

Questar is the finest and most versatile small
telescope in the world. Prices begin at $795.
Send for your copy of the new 40-page booklet
with 8 pages of color and much general infor-
mation, with essays on optics, seeing and tele-

scopic photography. One dollar postpaid in
U. S., Mexico and Canada. By air to West
Indies and Central America, $2.30. By air to
Europe, N. Africa and S. America, $2.50. By
air to Australia and elsewhere. $3.50.

TAR
BOX 60, NEW HOPE, PENNSYLVANIA

Mrs. Gordon wrote this column while
with the Smithsonian Institution's

Museum Service, where she regularly
viewed large numbers of science films.

California in Mexico. However, this

spawning occurs only on three or four

nights at each new moon and full moon
as high tides occur, and within one to

three hours after the highest tides. The
fertilized eggs develop in the sand, and

wash out to sea in the next spring tide.

Animated drawings show how spawn-

ing is related to tides and the moon, and

laboratory shots under a microscope

show the development of fertilized grun-

ion eggs. Heartbeats, circulation of the

blood, and movements of the living em-

bryo are also depicted. Agitated grunion

eggs hatch so quickly that if special at-

tention were not drawn to it the process

might be missed by the viewer—even

though it has been photographed in slow

motion. The film rents for $7.90 or sells

for $150.00 from Academy Films, 748 N.

Seward Street, Hollywood, Calif. 90038.

The Silent Spring of Rachel Carson,

filmed by C.B.S., examines some of the

controversy excited by Miss Carson's

book. The Silent Spring. Is man unknow-

ingly killing himself? Is the "balance"

of nature being permanently upset? Miss

Carson claimed that "we have put poi-

sonous and biologically potent chemicals

into the hands of persons largely or

wholly ignorant of their potentialities

for harm." She further contended that

"These chemicals are used with little or

no advance investigation of their effect on

soil, water, wildlife, and man himself."

Critics of her theory have charged that

Miss Carson grossly distorted the facts

and that her accusations were unsup-

ported by experimental evidence and ex-

perience in the field. In this forty-four

minute film, narrated by Eric Sevareid.

experts with different viewpoints were

interviewed. They included Dr. Luther

Terry, U.S. Surgeon General; Orville

Freeman, U.S. Secretary of Agriculture;

and Dr. Robert White-Stevens, AssistanI

to the Director of Research, American

Cyanamid Company. For the most part

however. Miss Carson's questions re

mained unanswered.

Although this black-and-white filn

could hardly be considered a technica

masterpiece, its thought-provoking con

tents should stimulate discussion anc

debate from most audiences. It would be

a fine choice for an audience participa

tion program. It may be rented for l|25.0(

or purchased for $250.00 from Contem
porary Films, Inc., 267 West 25th Street

New York, N.Y. 10001.

Of all the United States motion pic

tures shown at the 18th Annual Congres:

of the International Scientific Film Asso

ciation, held in Athens in 1964, three
j

from the "Plant Science Film Studies'

series stimulated the greatest discussion

12



These approximately 2%-minute, single-

topic film subjects, wliicli were awarded

Diplomas of Honor, were produced at

Iowa Stale University under a grant from

tlie National Science Foundation:

Gamete Transfer in the Bryophytes—

the Splash Platform in Marchantia gives

an example of a structural modification—

the so-called splash platform—which fa-

cilitates gamete transfer in the life cycle

of the liverwort, Marchantia.

Liberation of Zoospores in the Alga

:
Basicladia shows the method of asexual

reproduction in green algae by the for-

mation of zoospores. The fresh-water

alga Basicladia seen in this film is often

[
found on the backs of turtles or on snail

I
shells. As zoospores mature, the individ-

j

ual cells in the filament can be observed

i to darken gradually. An exit pore forms

and the spores escape through it during

the first few seconds after the pore mem-
brane bursts. After leaving the sporan-

gium, some of the zoospores find a suit-

able substrate, attach themselves to it,

and develop into new filaments.

Algal Syngamy—Oogamy in Oedogo-

niiim deals with the sexual reproduction

in another filamentous green alga, in this

i

case, the fusion of a large non-motile egg

and a smaller motile sperm. Gametic

fusion occurs when the sperm passes

through the pore in the oogonial wall and

unites with the egg. The resultant zygote

is then seen to develop a thick wall be-

fore germinating.

The above films, in color only, are espe-

cially suitable for high school or college

classroom use, and are available in 16

mm. with optical sound, 8 mm. with mag-

netic strip sound, or 8 mm. cartridged

silent. Commercial distributors include

the Ealing Corporation, 2225 Massachu-

setts Avenue. Cambridge, Mass., and

^Modern Learning Aids. 3 East 54th

Street. New York. N.Y. 10022. The cur-

rent price is $15.00 per cartridge. Rental

of the 16 mm. sound prints is handled

liy the Visual Instruction Service, Iowa

State University, 121 Pearson Hall,
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Namboodiri
Brahmans

of Kerala
A unique culture now faces drastic change

By Joan Mencher

"His person is holy; his directions

are commands; his movements are a

procession; his meal is nectar; he is

the holiest of human beings; he is the

representative of God on earth." This

description of a Namboodiri Brahman

of Kerala is in an official nineteenth-

century document of Travancore.

THE Malayalain-speaking state of

Kerala, in the extreme southwest

part of India, is covered with foliape so

rich and dense that, at least superfi-

cially, it looks like a lush South Sea

island. From north to south the state

falls into three natural divisions : a nar-

row coastal strip of sandy beaches and

beautiful coconut groves, punctuated

by many inlets and inland waterways;

a middle area of undulating country-

side, with long, winding, paddy fields

surrounded by hills covered with thick

vegetation; an inland region of high-

lands, formerly the home of tribal

groups and now largely given over to

the cultivation of tea in the south and

coffee in the north. The physical fea-

tures of the countryside have never en-

couraged the formation of compact

dwelling areas, so the unit of rural

settlement is a single dwelling, rather

than a village as in the rest of India.

Kerala has also differed from the

rest of the country in its traditional

social organization. To both specialist

and layman, one of the most interest-

ing characteristics of Indian social life

is the caste system. The term "caste"

refers to a group in which membership

is determined by birth, and which is

hierarchically graded with respect to

other such groups. This places restric-

tions on eating with members of other

castes and on intermarriage (normally

a person must marry within his own

caste, although in some cases women
are allowed to marry into a higher

caste), and under certain conditions

caste members consider themselves to

be "polluted" by direct or indirect con-

tact with members of lower castes.

The system has been more highly

structured and more rigidly enforced

in Kerala than in any other part of

India. The dispersed houses, sur-

rounded by their large compounds,

have made it relatively easy for high-

caste Malayalees ( Malayalam-speaking

inhabitants of Kerala) to maintain

their rules of pollution. Today the en-

tire society is in a state of transition.

Among the Kerala castes, the Nam-
boodiri Brahmans ranked highest in

religious and in economic and politi-

cal life. The houses of the Namboodiris,

known as illams, were surrounded by

spacious gardens. Most were palatial

structures built of laterite and ce-

mented with mud or mortar. Tradition-

ally, the Namboodiri aristocrats were

self-sufficient in their illams; they were

cared for by servants who paid homage
to them in every possible way, and

their fields were farmed by tenants

who provided rice and other neces-

sities of life.

One of the most striking features of

the Namboodiris was their relation-

ship w ith several of the high castes of

Kerala, particularly the Nayars. In a

Namboodiri family, only the eldest son

was allowed to marry in his own caste

(although it was permissible for him to

take more than one wife). The familv

property was never divided, and thisJ

custom maintained the economic posii

tion and social prestige of the family.

The younger sons, according to

tradition, had no property of their own

and were expected to remain celibate

and devote their lives to religion. HoW'

ever, even records from the Middle

Ages indicate that it w as customary for

them to form marital liaisons with

women from Nayar subcastes or other,

smaller, high non-Brahman castes.

(The Nayars constituted about 18 per

cent of the population of Kerala, ac-

cording to the last caste census, made

in 1931.) The Nayars, as well as the

other small caste groups who took

Namboodiri younger sons as mates for

their women, were matrilocal: that is.

a woman remained in her natal home
after marriage and raised her children

|

there, living under the authority of an

uncle or an elder brother. Among these ,

castes, it was customary for a man to

spend most of his life in his ow n home

and visit his wife only at night. The

matrilocal groups were also matri-|

lineal, with inheritance of property

through the female line. The Nam-j

boodiris, on the other hand, were patri-

local (a married couple and their chil

dren lived in the husband's ancestral

home) and patrilineal (inheritance

passed from father to son)

.

TRADITIONALLY, there were two

kinds of marriage among the

Nayars, the tali kettu kalyanam and the '

samhandham. The tali kettu kalyanam.

or toZi-tying ceremony, could be held

at any time before a girl reached pu- i

berty. The tali (a gilded, leaf-shaped ,

pendant on a chain) was tied around a
J
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irultered settlements are typical of the Kerala landscape,

chcre the single dwelling unit, rather than the village.

is the custom. This pattern, based on physical features

of the land, has helped mold a unique social organization.

^iro Namboodiri ivomen, at left, are accompanied on their

vay to temple by a Nayar maidservant. Palm leaf umbrellas

protect against both rain and sun, and they also help in

preserving a type of purdah typical of this community.

loslem and luu-casle women harvesting rice on an estate

1 north Malabar. Although most of the Namboodiri wealth

came traditionally from the land, owners still leave most

of the agricultural arrangements to their tenant farmers.

K



COCHIN

TRIVANDRUM

The state of Kerala occupies most of

the coast of extreme southwest India.

girl's neck either by a member of a

family of similar rank or by someone

in a higher subcaste.

There have been several interpreta-

tions of this rite. Some scholars have

suggested that at an earlier period it

actually constituted a formal mar-

riage ; others, that it represented a kind

of coming-of-age ceremony. On the

other hand, a French anthropologist,

Louis Dumont, has suggested that it

was a local adaptation of a customary

South Indian rite, because the tali is

the symbol of marriage in all patri-

lineal groups in that area.

In any case, following the tali cere-

mony, and after a girl's first men-
struation, she formed what is called a

sambandham union (the customary

nuptials of a man and woman) with a

man of her own subcaste or a higher

one. Since property was inherited

through the Nayar female line, theil

was no need for her sambandham maf
to care for her or their children.

There has been considerable contr(

versy in the Indian courts as to whethf

such a union constituted a marriage

However, it is clear that the Nayars

but not the Namboodiris—so vieue

them. From the Namboodiri point (

view, such unions with Nayars wei

convenient, in that they provided seni

permanent or permanent liaisons fc

the younger sons. From the Nay;

point of view, a Namboodiri younge

son was considered a good partner bi

cause of his caste prestige. Accordin

to one Malayalee historian, there Wc

a considerably larger Namboodi)

population in Kerala in the fourteent

century, and if that is true, such lia

sons were more common at that tini

than in the early twentieth century.

Popular entertainment is the Kathakali

dance, ivhich is elaborately costumed.

i6

A religious procession files around the

central shrine within a royal temple.



The history of the Namboodiri com-

munity still presents certain puzzles,

not the least of which is the date of

their arrival in Kerala. According to

the legendary Keralolpatty (an account

of Kerala history, said to have been

set down in writing in the eighteenth

century, more than two hundred years

after the first appearance of the Portu-

guese on the coast), Brahmans were

brought to the southwest coast of India

by the godlike sage-warrior Para-

[jurama. They settled in thirty-two

irammam in the north (now the South

^Canara District of Mysore State) and

hirty-two in the south of Kerala.

IT
is hard to define a Namboodiri

grawmam in simple terms. Each
%rammam, at least each major one,

lad its own temple and its own authori-

ses for religious and secular laws and Namboodiri boy is dressed for study

of Ottan Thullel, a classic dance form.

Namboodiri men perform special rites

in a temporary shrine in royal palace.

/"
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their enforcement, although some of

the smaller or lower-ranking grammam
deferred to the authorities in neigh-

boring major ones. Most grammam
were somewhat localized geographi-

cally, and their illams were within a

radius of ten to twenty-five miles of the

grammam temple. But since the ter-

ritories of two grammam might over-

lap, these cannot be thought of as com-

munities in the usual sense.

There does not seem to be any fac-

tual basis for the legend of Para-

surama. The majority of modern his-

torians hold that the Namboodiris

came to Kerala sometime between the

first century B.C. and the fourth cen-

tury A.D. The evidence for their place

of origin is slight, but all authorities

agree that they probably did come

from outside of Kerala, bringing with

them many new customs and traditions

that eventually mingled with those of

the earlier inhabitants of the region.

EVEN the source of the name Nam-
boodiri has been disputed. Per-

haps the most reasonable suggestion is

that its root is nambu, meaning

"sacred" or "trustworthy," and liri,

which literally means a "light," but

which is often used in Kerala as a high-

caste honorific suffix. Today, the caste

name Namboodiri, or Namboodiripad,

is often used as a surname. The term

pad added to the name usually indi-

cates that the man belongs to the high-

est of the Namboodiri subgroups.

There is also considerable argument

among Malayalee historians as to when

the Namboodiris became landed aristo-

crats, if they have always practiced

primogeniture, and on many other re-

lated questions. Further, the relation-

ship of the Namboodiris with the

matrilineal castes has also been a mat-

ter of speculation. Some Malayalee his-

torians believe that the Nayars of

Kerala were not matrilineal before the

tenth century A.D., but that they be-

came so under the pressure of a hun-

dred years of intermittent warfare with

the Chola empire on the east coast.

Others maintain that Nayar matri-

lineality has had a far longer history,

perhaps deriving from a matrilineal

tribal system, perhaps from an earlier

bilateral system, in which equal em-

phasis was given to the mother's and

father's sides, and property could be

inherited from either or both parents.

Perhaps the only aspect of their his-

tory that is known definitely is that the

heyday of the Namboodiris lasted from

i8

the twelfth century until the end of the

seventeenth. During that time, the po-

litical structure of Kerala was feudal-

istic, resembling in some ways the

continental system of Europe in the

thirteenth and fourteenth centuries.

The petty chieftains sometimes exer-

cised the right of taking up arms
among themselves, and on occasion

even waged war against their own
feudal heads. Many important temples

had their own Samketams—vieW-Ae-
fined areas in which Namboodiri tem-

ple authorities acted as civilian petty

chieftains and had sovereign rights.

Namboodiri grammam dealt only

with Namboodiri affairs, and had no

say in the relationships between in-

dividual Namboodiri families and

their tenants of the Nayar or lower

castes. On the other hand, the Nam-
boodiris had the unique role of being

above and beyond territorial concerns.

They could move freely from one area

to another, even between two at war.

Namboodiris were ranked in several

ways on the basis of the privileges they

possessed—to some extent by their

wealth, and in part by their occupa-

tion. According to the Cochin census

report of 1901, "special privileges in

f^ayar women leave after worship in a

temple that is in Namboodiri household.''

Young Brahinacharyya boy must dres:

only in a loincloth and leather strap



Traditional folk dance, Kaikuttykali, is

performed by these Namboodiri women.

letvelry, much of it made of solid gold,

is u'orn only for special occasions.

regard to the performance of religious

rites and . . . matters of a purely social

nature serve as the best basis for a sub-

division of the Nambutiris in the order

of social precedence as recognized

amongst themselves."

There were ten of these privileges,

including the right to teach the Vedas

(the four earliest sacred texts written

in Sanskrit) or Shastras (books of sa-

cred law composed later than the

Vedas) ; to perform sacrifices; to offi-

ciate as family priests; to become a

sanyasi, or holy man; to study the

Vedas; to perform priestly functions

in temples; to cook for all classes of

Brahmans; to take part in certain semi-

humorous "shows"; to bathe in the

same place with other Brahmans; and

to eat in the same row (literally in a

row) with other Brahmans. These

rights were listed in a traditional

order: those possessing the first had

the right to the remaining nine, those

possessing only the third had the right

to three through ten, and so on.

The geographic distribution of the

Namboodiris seems always to have

been uneven. In certain areas there

were thick concentrations, while others

contained a few illams at most. It is

striking but, under the conditions, not

surprising, that the largest number, in-

cluding almost all of the high-ranking

ones, are to be found where the great-

est amount of land could be given over

to rice cultivation. Apart from gifts

by local rulers and the like, most of

the Namboodiri wealth came from the

land. On the other hand, the owners re-

fused to deal directly with that land,

preferring to leave agricultural man-

agement to tenants. Throughout Ke-

rala, rice, and occasionally coconuts,

have been given over to tenant culti-

vation, whereas the majority of cash

crops, such as pepper, have been culti-

vated by Nayar or Moslem landowners

with the help of hired laborers.

Traditionally, as we have said, the

property of a Namboodiri illam could

never be partitioned. One result has

been that the Namboodiris survived as

a landed aristocracy, in contrast to

Brahmans in other parts of India,

where the family property was divided

every second generation or so.

The Namboodiris were also con-

sidered to be the highest spiritual

authorities in Kerala, and the reposi-

tories of learning. They were well

versed in Sanskrit literature and were

skilled at composition and teaching in

that language. The Namboodiris were

also extremely strict about rules of

pollution. Indeed, Kerala, because of

its dispersed settlement pattern and

loose political structure, has been the

one place where the concept of "dis-

tance pollution" has been most highly

developed. Thus, a Nayar was allowed

inside a Namboodiri house, but he

could not touch anyone or enter the

kitchen or the puja room (where reli-

gious rituals are performed daily).

A Namboodiri male with a Nayar wife

would go to her only after his evening

meal and would leave in the morning

before his purificatory bath.

MEMBERS of the lower Nayar
castes, such as washermen, were

allowed only on the veranda of the

house, and members of the various

service castes, such as blacksmiths or

carpenters, were expected to remain in

the compound and not come near the

veranda, although an exception was

made for a carpenter carrying his

tools. In descending order, each caste

group had a specified distance to main-

tain from the Namboodiri house and

from individual Namboodiris.

Many traces of the accent on dis-

tance pollution still exist. Obviously,

19



Ritual purification ceremony is being

performed ivith traditional implements.

they cannot now be enforced on the

road or in a public place, but in a

Namboodiri's own compound he can

require that members of lower castes

maintain the requisite distances. On
the whole, the younger Namboodiris,

both male and female, say that they do

not believe in or practice the restric-

tions and privileges.

Traditional life was simple and

austere. At the age of about seven,

Namboodiri boys entered upon a pe-

riod called Brahmacharyya, which

lasted until they were almost fifteen.

During this time they were supposed to

study the Vedas and to undergo cer-

tain deprivations: for example, they

were not allowed to sleep during the

daytime, and were expected to abstain

from all luxuries, including clothing

of all kinds except for a small strip of

cotton cloth and an inch-wide leather

strap across one shoulder. The teach-

er (guru), was empowered to punish

them severely for the slightest error.

GIRLS remained at home. Usually

they were taught to read and
write either by an older member of the

family, a teacher who might be of a

slightly lower caste or, occasionally,

by their mothers. The sole purpose of

this education was to enable them to

read the sacred epics—that is, the

Mahabharata, the Ramayana, and the

Bharatham, the last a book devoted to

the experiences of Lord Krishna. In

the sixth year, there was a ceremony
for "removing the hair"; until this

time girls were not allowed to let their

hair grow long. After the ceremony,

in which only a small piece of hair was

cut off, the observance of "touch pol-

lution" began. A girl was expected to

fast every Monday and to pray to God
for the longevity of her husband-to-be,

for the death of the husband was

usually blamed on the wife.

Traditionally, there was a tendency

for a girl to be married to someone

who lived within two or, at most, three

days' walk from her parents' illain,

often within the same grammam. To-

day, although many marriages are with

nearby illams, some girls marry men
who live as much as 200 miles away,

although this is rare. Among today's

educated Namboodiris, considerations

of wealth and education play some

part in selection of a husband.

Because of the problems involved in

getting a girl married, any offer was

normally accepted. There was a saying

among the elderly Namboodiri
women: "Even if it is a monkey of our

own caste who asks for a girl, we must

give her." Postpubertal marriage was

most frequent, but younger girls were

also married. Dowries were, and con-

tinue to be, extremely high, despite

legislation prohibiting them. In 1962,

they ranged from S1,000 to almost

S5,000, not including the cost of the

wedding and the attendant ceremonies.

(In rural India. Sl.OOO buys as much
as $4,000-85,000 in the United States.)

At one time, men often took second

and third wives in exchange for getting

their daughters married, thus escaping

some of the heavy burden of dowries,

but this has stopped completely since

the enactment in 1956 of a bill pro-

hibiting Hindu polygamous marriages.

Today, when a man has difficulty get-

ting his daughter married, he some-

times tries to get one of his unmarried

younger brothers to take a wife in

exchange. Brother-sister exchange is

becoming more common because most

of the men now marry Namboodiri
women. In marked contrast to the rest

of south India, they do not allow mar-

riage between first cousins. Marriage

to a more distantly related member of

one's mother's natal illam or to a rela-

tive of one's father's sister's husband is

permitted.

The traditional position of the

woman was extremely difficult. After

marriage a girl had no right in her

parents' house. Until her death she

lived in her husband's house and could

only visit her parents if her mother-

in-law and husband gave her permis-

sion. As one young girl put it to me:

"Whether she was happy or miserable

in the husband's house, she had no

other choice. Sometimes the man had

one or two other wives, and those elder

sisters [a term sometimes used for

elder co-wives] might have hurt her

because they were jealous. Still she was

expected to live with all this and think

only pious thoughts about God and

attend to her household duties."

IT was not uncommon for a twelve-

year-old girl to be married to a'

man in his sixties who had several

wives. He might have married the

younger girl in order to get one of his

own daughters married. The young

bride was expected to observe gosha

(a kind of purdah) and not to allow

any man other than her own husband,

sons, and stepsons to see her. When
her husband died, she was not allowed

to remarry, but was forced to devote

the rest of her life to piety.

At the end of the eighteenth century,

the British took over direct political

control in Malabar, and came to play

a major role as advisors in Cochin and

Travancore. At that time, the Nam-

boodiris, deprived of their political

role but still maintaining their status

as religious authorities, withdrew to

their estates. Their attitude at that

time is illustrated by the words of an

elderly Namboodiri man: "When the

British came, we were sitting with

hatred in our minds towards these

people and towards their education

Our real eminence came in things like

the Murajapam [56-day Vedic recita

tion] in Trivandrum."

While the Nayars took rapidly tc

modern education, the Namboodiri;

remained aloof, preferring to re

emphasize their spiritual sanctity anc

purity. About the turn of the century

Namboodiri youth, especially some o:

the younger sons who were brough

into contact with educated Nayai

males through their sambandham re

lationships with Nayar women, be

came aware of the growing gap

between the Nayar position in society

and that of the Namboodiris. Thev

saw Nayars agitating for partition oJ

their ancestral land, and even Nayajj

girls being educated and having a free

dom denied the Namboodiri women
Above all, during the first quarter o

Woman has vowed to donate her iveighn

in this case in coconuts, to her templa
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the twentieth century they slowly be-

came aware that if they agitated for

change, even if it displeased the more

orthodox, they might stand to benefit.

In this climate the Namboodiri re-

form movements began. In effect, what

the reformers asked for meant the end

of the traditional Namboodiri family

system and the group's position as a

landed aristocracy, and it is not sur-

prising that many of the leaders of the

reform movement were the "under-

privileged" younger sons. It was clear

that there would be a total reworking

of Namboodiri life if men began to

receive a modern education, if each

son was allowed to marry within the

Namboodiri castes, if permission was

granted to partition the family prop-

erty, and finally, if education for

Namboodiri girls became a reality.

While some illams resisted reform,

others took to it eagerly. The area of

most rapid change was near Trichur,

where a rebellion against the head of

the Vedic school occurred in 1917.

In the majority of illams today,

younger sons marry within their own
community, and most boys are given a

modern education. However, there is

still a considerable range in ortho-

doxy. Some of the isolated illams

might still belong to the early nine-

teenth century: at the other end of the

spectrum are illams whose property

has been completely divided, where

both men and women are educated and

hold regular jobs, where all castes in-

teract with complete freedom, and

which, as a result, are scarcely recog-

nizable as Namboodiri establishments.

Most of the orthodox or wealthy

Namboodiris, plus the majority of

elder sons (even in modernized illams)

and others concerned about the main-

tenance of their caste purity and their

economic and social privileges, have

tended since 1947 to align themselves

with the Congress Party (the political

party of Nehru and Shastri). On the

other hand, many of the women and

younger sons accept Marxist or Com-
munist ideologies. Some members of

the reform movement have, of course,

stayed loyal to Congress, at the same
time siding consistently with the more
socialist-minded members.

IT is clear that as more and more
Namboodiri young people are edu-

cated and enter various occupations,

they will become less differentiated

from other Kerala castes. (It is im-

possible to know how many Nam-
boodiris there are today. There has

not been any census conducted on a

caste basis for thirty-five years.)

Fewer and fewer are studying the

Vedas and learning how to maintain

traditional rituals. However, they

probably will remain relatively highly

placed. Even with land limits currently

being introduced all over India, they

are well off compared to the lowest

castes. In another sense, the Nam-
boodiris are a part of the newly emer-

ging middle classes, for as individuals

they are clearly in transition from one

social system to another. One might

safely predict that the unique Nam-
boodiri culture will slowly disappear.

\
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Rhesus Monkey Bands
SOCIAL PATTERNS ARE STUDIED IN PUERTO RICO

by JOHN G.VANDENBERGH

. he behavior of many non-human primates has been ex-

tensively studied in laboratory environments. However, a

different setting becomes necessary for certain types of

studies or for those involving large groups of social ani-

mals. For instance, when questions are asked concerning

population dynamics, certain aspects of reproduction, or

social behavior within or between large groups, the labora-

tory no longer can provide the answers. Wild, or natural,

populations of a species become the most appropriate to

study, and within the past ten years the resuUs of a number

of such studies have appeared (Natural History, August-

September, 1963, and January, 1964).

An alternative to an examination of an animal in its

natural habitat is the study of artificially established colo-

nies on islands. For certain purposes, such island colonies

are more appropriate settings than are the indigenous

homes of the animal, because the population, now re-

strained by a water barrier, can be studied over long periods

of time. For instance, members of an island colony can be

identified by tattoo or other distinctive marking and their

development recorded, or bands can be altered artificially

by introducing or removing individuals. Any changes in

behavior that might result from human manipulations can

be recorded even if they occur years later. Also, observa-

tional restrictions imposed by conditions in the natural

range of the animal are largely removed. These restrictions

include local taboos, dilEcult terrain, and the practical

problems encountered in attempting to maintain scientists

in remote areas of the world. This report, then, will describe

some of the studies being conducted on colonies of rhesus

monkeys, Macaca mulatto, on Caribbean islands.

The first attempt to study the rhesus monkey in a semi-

natural environment was made in 1938, when C. Ray Car-

penter transferred 409 monkeys from India to Cayo San-

tiago, a 37-acre islet off the eastern coast of Puerto Rico.

There he was able to study the sexual behavior of the free-

ranging monkeys soon after their release. During World

War II, the colony received minimal attention, and no

studies were undertaken. Responsibility for the island was

assumed by the National Institute of Neurological Diseases

and Blindness in 1956, and behavioral studies were re-

sumed, first by Stuart A. Altmann and later by Carl B.

Koford. By the time Altmann and Koford studied the col-

ony, the social bands were well organized; in fact, most of

the individuals in the colony had been born there. Thus,

little information was available on early social dynamics.

To fill this gap and also to permit comparisons between

colonies, rhesus monkeys were introduced to two other

islands, La Cueva and Guayacan. These islands lie approxi-

mately three miles west of La Parguera, a fishing village on

the arid southern coast of Puerto Rico. Late in 1961 a small

group of monkeys was transferred from Cayo Santiago to

the two islands, and in 1962, when I began to study the
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Temale retrieves her infant from a juvenile tliat liandled il

roughly and growls at offender, above. Dominant male

at riglit, displays its large canine teeth during a yawn

colony, 253 rhesus monkeys were imported from Indi;

and released. Three years of studies on the forming band

on both islands at La Parguera, coupled with informatioi

gathered on stable bands in the older colony, permit us l<

draw a reasonably clear picture of the monkeys' social life

Elach monkey in the colony, upon importation or withii

the first year of its life, is tattooed with an identificatioi

number. The birth dates of all animals born on the island

are known to within one to two days, and because they rt

main closely associated with their mothers for many year;

we know their genealogical lines on the maternal side. ,\

present, 574 monkeys range freely on Cayo Santiago i

seven social bands and 163 on the two La Parguera island

in five bands. Cayo Santiago is so small that its vegetatio

cannot support such a high population, and supplement:

feeding is necessary. The La Parguera islands are large
)

and have fewer monkeys, but the usable vegetation is 11 n

ited because of an arid climate. Only after tropical storn

have provided a heavy rainfall does an appreciable amoui
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of natural food become available. An abundance of insects

and other invertebrates are always on the islands, but they

are rarely eaten by the monkeys ; on only two occasions has

a monkey been seen to eat an insect. They feed on a variety

of buds, flowers, and fruits, but the bulk of their diet is

Purina Monkey Chow, which we distribute about the islands

in numerous locations.

A food hopper for the chow is placed at each station, and

the monkeys must learn to open the lid of the hopper to get

at the chow pellets. Surprisingly, a few monkeys have never

learned to open the lids; they must wait until another ani-

mal opens it for them. Especially on Cayo Santiago, where

the density of monkeys is high, the feeding stations are focal

points of activity, often influencing a band's movements

and creating artificial tensions. Bananas and other fruits

are preferred by the monkeys, and investigators use these

to attraat the animals into traps.

All the social bands on the islands, except one that will

be discussed later, are composed of males and females of

all ages. For descriptive purposes, the seven bands in the

older colony of Cayo Santiago are perhaps more typical

than those in the recently formed colony. The number of

monkeys in these bands varies from 20 to 177; 81 is aver-

age. The same number of males and females are born, but

because of differential mortality, females outnumber males

by almost three to one by the time the monkeys are adult.

.he mortality of infants averages about 10 per cent per

year, with no difference between the sexes. About 5 per cent

of two- and three-year-old animals die each year, and there

is a somewhat higher death rate among young females.

Beginning at age four, however, male mortality rates are

approximately double that of females. Many factors may
produce this difference, but the effects of the different so-

cial conditions faced by males and females during puberty

and adulthood seem to be most important. Puberal and

adult females stay in the central part of the band, where

they associate closely with their mothers and remain under

their protective influence. Most adolescent males, on the

other hand, leave the central part of the band to become
peripheral members of their natal band or to shift to an-

other group. They are often lean and furtive animals, have

low priority at the feeders, and are frequently attacked and

wounded. As a result, these males are weakened and become
more susceptible to disease. We have little data on the spe-

cific causes of death, because dead monkeys are seldom

found in time for meaningful autopsies to be done.

On the average, adult males make up only 6 per cent of

the total band. Their influence on a band, however, is dis-

proportionate to their numbers. Typically, one to five adult

males dominate the rest and are most active in the defense

of the band and in controlling antagonistic behavior among
its members. A linear hierarchy exists among these "control

males," one of which stands out as the undisputed master.

Other adult males, if present, and females rank below the

control males. Among females, too, a definite "pecking

order" exists, and Donald Sade, an investigator from the

University of California, recently was able to rank the

When rhesus monkeys—here attracted by a scientist who is

carrying bananas—are watched, they are likely to turn the

tables by observing the observers with apparent interest.
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female members of a small band in a linear order. This wa
a more difficult task than ranking the males, because antaf

onistic encounters between females are much less frequen

We determine dominance relations among members of

band by observing their interactions. Fighting between ii

dividual rhesus monkeys occurs frequently—perhaps moi
than in any other primate species—but most of the interaJ

tions are more subtle. A monkey has a number of ways (

expressing submission when approached or threatened h

another monkey. It can turn its head to avoid direct visu;

contact; move out of the path of the approaching animai

bare its teeth in a grimacing fashion ("grin") ; or turn an

stand stiffly with its posterior toward the approaching moi

key ("present") . Thus, the rank of a given animal is base

on the outcome of encounters it has had with other men
hers of the band. Among individuals in each band,

monkey—at least theoretically—never loses, others lose on!

to specific individuals, and the monkey ranking lowest ]

every encounter in which it participates. Such straight-li



Aerial photographs show, jar left, the islands that compose
the La Parguera colony and, left, Cayo Santiago. Guayacan
and La Cueva contain about 180 acres of land and mangrove
swamps, whereas Cayo Santiago has an area of some 37 acres.

erarchies occur in some of the smaller bands, but typi-

lly the rank order is more complex. It is difficult to deter-

ine dominance hierarchies among immatures because

ay often cannot be distinguished from aggression.

A dominance hierarchy leads to social stability and

nds to limit fighting within a band. When a hierarchy is

tablished, individuals recognize their "social superiors"

iid immediately submit when a conflict occurs. Severe

ihts are rare, but when they do take place, the action is

idft and violent. The canine teeth of adult males often

tend 15 mm. below the grinding surface of the molars

id can inflict deep, slashing wounds. One morning we
und the body of an adult male draped over a mangrove
anch. The right side of his face was torn from lip to

e, and innumerable deep wounds had torn his arms and

oulders. Formerly he had been the dominant member of

band of twenty-two monkeys on Guayacan Island: when
; found the band later in the day, another monkey had

sumed command. This newcomer was also wounded, and

the circumstantial evidence pointed to a fight between these

two adult males.

Before killing the previous leader and assuming the dom-

inant position in the band (if such was indeed the case),

the new dominant male had been solitary for six months.

He lived removed from a social band, had but infrequent

contacts with other monkeys, and those usually with juve-

nile males that lived at the periphery of the band. This

solitary life in the La Parguera colony was a continuation

of similar behavior the monkey had exhibited at Cayo San-

tiago before being transferred. As is often true of solitary

monkeys, he had ranked second in a band before adopting

his solitary existence. At this writing, three males follow

solitary lives on Cayo Santiago, but none remain at the

La Parguera colony.

The solitary life is apparently a male phenomenon. Fe-

males have never been known to become solitary. In gen-

eral, females are far less socially adventurous than males.

On Cayo Santiago, 97 per cent of the females stay within

the band of their birth, whereas only about 70 per cent of

the males remain in their natal band.

With the exception of the few solitary monkeys, an indi-

vidual exists as a member of a social system. At birth, a

rhesus monkey is relatively helpless: dependent upon its

mother for nourishment and protection. During its first few

days its social contacts are limited almost exclusively to its

mother as she carries it about, nurses it, and grooms its fur.

The infant begins to leave its mother for short excursions

during the first week and comes into contact with other

monkeys, usually its siblings or adult females.

During this period of early exploration, most mothers
attend to their infant closely and are always alert to re-

trieve it should a disturbance occur. As the infant grows
and becomes more co-ordinated, it ranges farther from its

mother, and she must resort to threatening postures or

growls to protect it from overexuberant playmates or antag-

onistic adults. The mother's effectiveness in protecting her

infant depends on her social rank relative to the other mem-
bers in the band, both male and female.

I ndividual females vary greatly in the amount of inde-

pendence and protection they give their young, and indi-

vidual infants vary greatly in die amount of exploratory

behavior they show. Close relationships between a mother
and her offspring are not limited to infancy, but often con-
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tinue into adulthood. Thus, the development of an infant

within the social matrix of a band is influenced by its own

propensities for exploration and play, its relationships with

siblings and peers, and by the amount of independence and

protection given by its mother. Its mother's rank may
strongly affect the development of an infant.

Japanese scientists have found that female Japanese

macaques (Macaca fuscata) , a species closely related to the

rhesus, remain within the band of their birth, and their so-

cial rank at maturity correlates with their mother's social

rank. On Cayo Santiago, Koford has extended this observa-

tion to males by finding that the sons of high-ranking fe-

males become high-ranking members of the band more

frequently and at a younger age than do the offspring of

low-ranking mothers. Thus, we know that a relationship

exists between a mother's rank and the rank her offspring

will attain, but experimental data are not yet available to

explain the mechanisms involved.

A female rhesus monkey usually consorts with a number

of males during her two to five oestrous periods per year, so

presently there is no way to determine an infant's paternity.

Until young monkeys are one to two years old, most adult

males permit them to clamber playfully over them, and

some may take a brief, but active, part in wrestling with a

juvenile. Such play periods are usually short-lived, and the

adult male rapidly regains his composure and adopts his

normal "dignified" attitude. In some troops of Japanese

macaques adult males carry, hug, groom, and protect one-

and two-year-old juveniles during the birth season. The

frequency of paternal-like behavior is considerably less

among rhesus monkeys. At La Parguera only three young

adult males have shown similar behavior.

with the exception of C. R.Carpenter's pioneering stud-

ies, wild populations of primates have not been carefully

examined until the present decade, and information has

been available only from studies made in zoos and labo-

ratories. This information indicated that primates breed

throughout the year, thus suggesting that sexual attraction

—that is, the complex of activities associated with mating—

is an important cohesive force in maintaining band sta-

bility. More complete data are now available from numer-

ous field studies to show that mating occurs only during

a limited portion of the year in many species, and that if

sexual attraction affects band cohesion at all, it acts as a

disruptive influence. For example, mating in both island

colonies is limited to five months of the year, and during

the non-mating season the bands remain intact. In fact, far

fewer shifts from one band to another occur during the non-

mating period than during the mating season. The cessation

of mating activities is complete for seven months; no sexual

behavior is seen and histological examination of the testes

shows that no sperm is being produced.

Some observations of developing bands in the La Par-

guera colony may indicate factors contributing to social

cohesion. When monkeys were first released, small groups

of two to ten individuals formed within days. Typically,

membership was fluid, and individuals frequently stayed

with a group for a day or two and then left to join another

group. Within the first few months, small groups of adult

females stabilized, and if these basic groups were joined

and dominated by an adult male, a band was formed. Such

bands persisted. Groups not "adopted" by an adult male

disintegrated, usually within six months, and the individ-

uals joined other existing bands.

As yet I have accounted only for the adults in the colony.

Females reach adulthood at approximately three and one-

half years and usually give birth to their first offspring at

four years. Maturation is somewhat longer for males ; they

may begin producing sperm at three and one-half years, but

do not become active breeders until they are five or six.

Few longevity records are available, but some captive fe-

males have reached thirty years. For unknown reasons, per-

Uuring midday rest periods, adults often sleep on branches

in manner seen above, and have never been observed to fall.
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Adult female seems unconcerned with juveniles on mangrove

roots below her; both are watching young not in the picture.
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haps chance, few immature females survived importation

into the La Parguera colony. Many young males were im-

ported, and these did not participate in the formation of

basic groups nor did they join the developing bands. In-

stead, they formed an all-male group quite separate from

the bands containing adults. Within the past six months—

that is, about three years after importation and at the

approach of their sexual maturity—these have been leaving

the all-male group and joining more typical bands.

hus, the stability of groups would seem to be dependent

upon the presence of a basic group of mature females domi-

nated by an adult male. The apparent inability of the young

males to join the groups may have been caused by the ab-

sence of the usual kinship ties, that is, neither their mothers

nor older siblings were present to provide "social support."

These observations indicate that a characteristic essential

for cohesiveness and stability in a social band is a system of

kinship ties integrated with a hierarchy based on social

dominance. At the present time, I must limit this conclusion

to the rhesus monkey—and perhaps to the Japanese ma-

caque—but as studies of additional species intensify, it may
eventually have wider application.

loung adult male makes grimace indicating submission.

His identifying number is just visible on the right thigh.
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Names of constellations reflect

many religions and mythologies

By Thomas D. Nicholson

THE celestial chart illustrated on these pages should be a

challenge to "Sky Reporter" readers who believe they

are familiar with the spring sky. This map. in which the

constellations have been redrawn as biblical or ecclesias-

tical figures, includes the half of the celestial sphere cen-

tered on the autumnal equinox, extending from the north

to the south celestial pole [top to bottom) and from the

summer to the winter solstice (left to right). This is the

same part of the sky we see in the early evening hours of

mid-spring. Thus, readers should be able to match the stars

of the chart (at least, those visible from northern latitudes)

with those they can see on May evenings. Yet this may be

something of a puzzle, for the chart represents the sky from

outside looking in. The directions are those you w ould find

on a map of the earth or on a celestial globe—that is, with

east to the right. The conventional method of representing

the stars is just the opposite—portraying objects in the sky

as we see them from the earth's surface. Thus, when we

look into the sky, facing south, east is to our left.

It should not be too difficult to find where the spring

constellations belong in the accompanying illustration. Al-

though the ones shown are different from those we know,

the authors of the work were thoughtful enough to provide

a key. After the names of each of the constellations there is

a reference to an "alias" for each historical figure repre-

sented—the aliases being the classical constellation names.

Attempt to locate the Big Dipper and the North Star, the

sickle that marks the head of the Lion, the sail-shaped four

stars of Corvus, and the hook-shaped body of Scorpius. Try

to pick out the brightest stars of spring, Regulus, Denebola,

Arcturus, and Spica—they are all there, but are not easy

to find, even with their aliases, primarily because of the

"outside-in" portrayal.

As an example of celestial art, the chart is unique in the

subjects used and in the delicacy and skill of its drawing.

The ornate figures of the saints and the cherubic border

decorations make the work one of the most interesting and

attractive representations of the constellations, although in-

deed an unusual choice of characters and objects. But the

artists, Peter Schenk and Gerard Valk. were apparently not

so gifted in astronomical accuracy as they were in their

artistry. For example, the stars of the Southern Cross (cen-

Pagan names of the constellations were replaced with biblical

characters and objects in this eighteenth-century chart of

the stars. The inscription reads "A Starry Christian Sky."
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ter of the lower half, on the skirts of SS. Abraham and

Isaac) point directly toward the south ecliptic pole. They

should point—as they do in the sky—toward the pole of rota-

tion, the south celestial pole.

It is difficult to see the justification for the selection of

the particular characters, or for the locations assigned to

them. The zodiacal constellations (six arranged along the

ecliptic—the inclined diameter cutting through the center

of the chart) were apparently picked because the authors

wanted to associate the twelve traditional constellations of

the zodiac with the twelve apostles. Beyond this relation-

ship, however, the constellations represented include figures

from both the Old and the New Testament, at least one ani-

mal (the paschal lamb) , and many inanimate objects, with

clear ecclesiastical connection. Yet there appears, for the

most part, to be no logical connection between the figures

chosen and the traditional constellations they have replaced.

There is one exception to this in the vast, sprawling Argo

Navis, the Ship; this has been redrawn and renamed Noah's

Ark—a most appropriate substitution within the context of

this work. But one can hardly justify the substitution of

St. Peter's Boat for Ursa Major, including all the stars of

the Big Dipper. It may be that some subtlety in this has no

modern connotation and totally escapes us.

Judging from the location of the equinoctial colure (the

vertical line extending north and south through the autum-

nal equinox at the center) with respect to the stars, the work

can be dated astronomically. The line is shown several de-

grees east of its present position on the sky—where it

would have been several hundred years ago—gauging it by

the points at which it passes through the stars of the Big

Dipper and the Southern Cross. Since then, the precession

of the earth's axis has shifted the autumnal equinox and

the equinoctial colure westward along the ecliptic by about

55 seconds of arc per year, or about one degree in 65 years.

On this internal evidence, the chart should represent the

sky of about 1700. (Actually its date is 1708.)

loST of the more familiar constellations in the northern

sky were recognized in antiquity, and have their ori-

gins in the mythologies and religions of Greece, Egypt,

Rome, and other early Mediterranean civilizations. Some

names that have survived, however, cannot be traced to any

particular time, people, or source.

The constellations began to take on significance as a

geography of the heavens when they appeared in the first

sky maps produced by astronomers in the early seventeenth

century. In these charts, the constellation figures were care-

fully—and often fancifully—drawn, in order to show the

positions of the stars with as much accuracy as possible.

The location of a star in the sky, then and for centuries later,

was its designated position within a constellation figure;

for instance, Betelgeuse means "the shoulder of the giant."

However, the early maps also attempted to fit imaginary

figures into constellations in a reasonably suggestive way.

The early seventeenth-century astronomers who prepared

the celestial charts did not find these two objectives com-

pletely compatible. When they fitted the constellations into

the stars, they discovered large areas of the sky where there

were no figures or parts of figures. So these map-making

astronomers solved the problem by adding more constella-

tions. First they added new constellations in the region of

the sky around the south celestial pole, which had not been

observed by the ancients. Secondly, they filled in the gaps

between the northern constellations. Then they broke up

some of the older, unwieldy, meandering constellations

that filled too large an area. There was little agreement

among these men concerning the new constellations that

they named. The nameless parts of the sky were unassigned,

and each scientist could fill them in as he saw fit, even for

very personal, illogical, and unscientific motives. These

astronomers often did not agree on the appearance, size,

shape, position, or orientation of even the classic constella-

tions. Some chose to ignore completely the heritage from

the ancients and preferred to let their own imaginations

roam over the entire sky, creating constellations entirely

of their own choosing. The illustration featured in this

month's "Sky Reporter" is an outstanding example of this

last approach, in which a whole new scheme was used.

THE last new constellations to gain general acceptance

were a group of thirteen in the southern sky, named by

the French astronomer Lacaille in the middle of the eight-

eenth century. In 1801, the German astronomer Johann

Elert Bode (famous for the mathematical series known as

Bode's law, which predicted the approximate distances

from the sun to the planets—as far as Uranus) drew precise

boundaries to the constellations. Thus, rather than desig-

nating vaguely where they were, or how they fitted, he

showed concern for the exact region of the sky that a con-

stellation was supposed to occupy. Bode's work was not

generally considered as a standard by astronomers, but it

paved the way for eventual acceptance by the International

Astronomical Union of standardized boundaries for a lim-

ited number of constellations, all of which—taken together

—filled the entire sky.

But the real significance of Bode's work was the intro-

duction of a new concept into the use of the constellation

names by astronomers. Before his time, the constellations

were thought of as figures placed among the stars, with

some regard for the outline of the figure and the arrange

ment of the stars within that figure. Today, however, tht

constellations are used by astronomers in an entirely dif

ferent sense. They are symbolic, not of the imaginary peo

pie, animals, or objects their names may conjure up, but

of a certain area of the sky, with fixed boundaries in a sys

tem of celestial co-ordinates. Within these areas the stars

and other objects are designated with the name of the con

stellation in some systems of identification. For example

the brightest star in the constellation Leo is known popu

larly as Regulus. To astronomers, however, the star is Alphf

Leonis (the Greek letter A plus the Latin genitive of Leo)

in the system of Bayer.

There are a total of 88 constellations accepted today ii

the system approved by the International Astronomica

Union. Of these, 47 can be traced to antiquity, in the sensdT

that they were in existence at the time of the Greek astronj

omer Ptolemy (about A.D. 150) . The others were created b|

the seventeenth- and eighteenth-century astronomers.

As interesting as the antique chart is, it is hardly to b|

recommended as a source of knowledge of the spring star|

for beginners in astronomy. Modern sky maps, such as th|

one for this month's sky on the opposite page, are certainl|

easier to use than are those with fanciful figures.

Dr. Nicholson, the regular author of this column, is also

Chairman of the American Museum-Hayden Planetarium
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COMA~BER£NICES

g

ull Moon May 4, 4:01 p.m., EST
ast Quarter May 12, 6:19 a.m., EST
tew Moon May 20, 4:42 a.m., EST
irst Quarter May 27, 3:50 a.m., EST

TIMETABLE
May 1 10:00 p.m.

May 15 9.00 p.m.

May 31 8:00 p.m.

(Local Mean Time)

I May 1: Venus (magnitude —3.7) should be easy to see in

ne eastern sky all month long, from just before dawn until the
ising sun hides it. But this morning it can act as a guide to

laturn(magnitude+1.4),a much fainter object about a degree
lelow Veniis. Conjunction of the two planets is at 1:00 p.m.

1 May 4: Today the full moon is accompanied by a penumbral
iciipse, not visible in any part of North America because the
iioon is below our horizon at the time.

May 5: The Eta Aquarid meteors, a relatively sharp shower
if moderate activity with fast, bright meteors, reach maximum
iarly this morning.
May 15-16-17: There will be two planets in the vicinity of

le rising crescent moon in the eastern sky on these mornings.
n the 15th, Saturn will be just above the moon, and Venus
ill be well to the left and lower. On the morning of the 16th,

le moon will be between Saturn and Venus. On the 17th,

enus will be to the right and above the upper horn of the
Irescent moon.

May 20: An interesting annular solar eclipse occurs with the
new moon of this date, visible across Northwest Africa and
Central Asia. (In an annular eclipse, the tip of the moon's
shadow, although pointing toward earth, falls just short of
touching the earth's surface.) The shadow's tip this day comes
so close to touching the surface of the earth that the eclipse
will be almost total in those areas where it is visible near noon.

May 22: The evening crescent moon and Jupiter are in the
western sky tonight. Conjunction is at 6:00 p.m., EST.
May 27: Mercury is at superior conjunction, passing around

the sun on the far side. It now enters the evening sky.

All Month: Of the planets visible to the naked eye, only Jupi-

ter is in the evening sky during May. It moves into Gemini early
in the month, and remains easily visible in the western sky
for several hours after twilight.

Venus, Mars, and Saturn are all morning stars, but Venus is

the only one that is easily seen. It rises in the east before dawn,
and remains visible until about half an hour before sunrise.



The Man-o'-War Birc



By Bryan Nelson

Male frigate, left, with fully inflated sac

displays in mangroves on Tower Island.

Tens of thousands of birds nest on

this uninhabited island in Galapagos.

Puzzling behavior is studied in Galapagos

FRIGATE-BIRDS, also called Man-o'-

War birds because of their swift-

ness, are the members of the order

Pelecaniformes most specialized for

aerial life. They weigh only two or

three pounds despite an eight-foot

wingspread, and their short tarsi and

tiny, unwebbed feet (they often perch

with two toes forward and two back-

ward), although excellent for grip-

ping the twigs among which they usu-

ally nest, are not of much use for walk-

ing or swimming.

Frigates usually nest alongside sub-

stantial concentrations of other sea

birds, possibly because they are partly

dependent on them for food. On the

waterless and uninhabited Galapagos

island of Tower (Genovesa), where

my wife and I camped for seven

months in 1964, thousands of Fregata

minor, the Great Frigate-bird, and a

few Fregata magnificens, the Magnifi-

cent Frigate-bird, nest among some
140,000 pairs of Sula sula, the Red-

footed Booby.

The male frigates are mostly black

with a metallic luster—particularly on

the elongated scapulars, which form a

fancy cape on their backs. Females are

duller and are white on throat and

breast; juveniles have white heads,

and their upper breasts are heavily

stained with a rust color. Many au-

thors fail to make clear the differences

between the two species. The males are

extremely difficult to distinguish in

flight because both have, to a variable

extent, a pale bar on the wing coverts

(which has sometimes been said to

distinguish minor) . The slightly heav-

ier build of magnificens is not obvious,

and the purple, rather than green,

sheen on the scapulars is useless for

flight identification. In my experience,

a good diagnostic character of magni-

ficens is a vocal clicking note it gives

in flight. The females are more eas-

ily distinguishable : magnificens has a

well-defined black throat and minor a

whitish one; both have black bellies.

The orbital ring is bluish black in

female magnificens, but red in minor,

and both have bluish-gray bills.

GREAT Frigates catch much of

their food, such as flying fish

and squid, by snatching it from the

surface of the sea. The long bill, with

a sharply hooked end, is beautifully

adapted for this feeding method. Un-
less heavily laden with food they can

take off from water, but they seldom
alight on, much less plunge into, the

sea. Their plumage is not waterproof,

and during their long foraging trips,

which may be 500 to 700 miles from
land, they live entirely on the wing,

flying buoyantly, with deep, muscular

strokes. Their long, forked, and flex-

ible tails and great wingspread help

them to ascend thermals, and the

height so gained allows them to scan a

greater area for food.

Frigates are keen scavengers and
pirates, materializing from apparently

empty skies whenever there is a chance

of food—for instance, when fishermen

begin gutting operations. They show^

exquisite co-ordination and timing in
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Booby with full crop is pursued by a

frigate, which will try to steal food.

snatching food from either sea or

ground. If a booby spills fish while

feeding its young, a frigate swoops

headlong, wind whistling through its

primaries, checks slightly, and plucks

the fish from the ground before the

booby can move. Where there are

many frigates, the mere act of passing

food from parent booby to offspring,

or even from frigate to young, is haz-

ardous. One often sees a juvenile fri-

gate and its parent forcibly sundered

when an adult male swoops down to

take the fish as it is actually being

passed from throat to throat (frigates

feed their young by incomplete regur-

gitation) . Females rarely attempt such

bold tactics, and juveniles never do,

as feeding behavior in all highly spe-

cialized species takes time to perfect.

Both frigate species harry boobies,

although there may be a difference in

the extent to which they do so ; some

authors think that minor is more in-

clined to fish for itself than is mag-

nificens. We could not decide exactly

what stimulus elicited the chasing be-

havior. The hour or two before dark,

when Red-footed Boobies stream home

from fishing, is obviously the best

hunting time, yet some boobies pass

through the frigate belt unscathed

while others are attacked. Maybe the

former are "empty" or are unusually

obstinate, but they would have to be

very obstinate indeed to withstand the

rough treatment they receive.

Perhaps the initial stages of the fri-

gate's attack are relatively unselective,

and the quality of the harassed booby's

distress call (an agonized "arrk") pro-

vides the main clue. Those with full

crops utter, in their extremity, a

strangled, wheezing cry caused by the

pressure of food on the windpipe. On
occasions when the frigates seem to

know that their victim has food, a mob
of six to ten hem it in, relentlessly fol-

lowing every twist and turn. Some-

times, while still in flight, one or more

frigates seize the booby by tail or wing

tip and capsize it. In the few seconds

before throwing up its catch, the

booby, with bent neck and downward-

pointing beak makes violent efforts to

regurgitate. The frigates recognize this

In a chase, top, one frigate tries to

steal nest material from another. At

bottom, female arranges twigs in nest.
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intention movement and redouble

their efforts; such boobies never es-

cape tax-free. Usually only one frigate

gets the fish, but the others break off

the chase, leaving a highly agitated

booby that has crash-landed in the sea.

Frigate piracy is spectacular but

not, I think, significant in booby

ecology, except where a relatively

small population is harassed by a large

number of frigates. Certainly it was

not a serious handicap to the huge

booby population of Tower, where

only about 12 per cent of frigate

chases were successful. Frigates were

even less successful with species such

as Swallow-tailed Gulls, Creagrus fur-

catus, and Red-billed Tropic-birds,

Phaethon aethereus.

Frigates react strongly to moving

objects, as they must to catch flying

fish in mid-air, and almost anything

releases their chasing and catching be-

havior. Newly fledged shearwaters are

flown down repeatedly, picked from

the water, dropped, and picked up

again until they succumb, although

they are not eaten. Even warblers are

often chased—a ludicrous sight—and a

ball thrown into the air frequently



causes a chasing behavior response.

Crouching in the low, green, suc-

culent Cryptocarpus shrubs that fringe

the small coral beach of Darwin Bay,

scores of free-flying juvenile frigates

scan the skies for the approach of

their parents. The juveniles mark the

beginning of a new nesting season

rather than the end of an old one, since

they take so long to become independ-

ent of their parents that the new season

is well under way before they cut the

"apron strings." Their food-begging

call, which resembles the grating

squeal of an angry pig, is scarcely less

attractive than the accompanying

hunched bobbing, with head cocked

sideways and one eye on the sky.

In January, 1964, almost all the

young frigates in the area were on the

wing, although they returned regu-

larly to be fed at the nest. In July their

parents were still feeding them. This

long period of post-fledging feeding

shows the efEort involved in rearing

a young frigate to independence. It

probably also reflects the species'

highly specialized feeding method,

• which takes so long to perfect that the

young must be fed for six months after

they first become capable of flight, and

so can survive repeated failures to

catch their own fish.

WE were astounded to find that,

despite their post-fledging feed-

ing, several juveniles died of starva-

tion in June after dropping in weight

to some 600 grams—a miserable 1^/4

pounds for a bird with an eight-foot

wing span. Despite their long-subsi-

idized learning period, these young

were not fending for themselves even

at bare subsistence level. Weighing re-

vealed the following picture : j uveniles

weighed on April 18 averaged 1,083

grams, and twelve weeks later the av-

erage had dropped to 983 grams, com-

pared with the average adult weight

of 1,430 grams. Thus, not only were

juveniles much lighter than adults,

but after six months free flying they

were still losing weight.

Instead of a seasonally abundant

food supply, the frigate probably ex-

periences a food situation that can

fluctuate erratically. The bird cannot,

therefore, evolve a breeding cycle

that produces independent young pre-

cisely when food is most plentiful. On
the other hand, it can afi^ord to con-

tinue feeding its young for an ex-

tremely long period because there is

no season during which food is pre-

This male has just begun to display.

Head is not thrown fully back, and the

dictably scarce. These factors are

graphically reflected in the length of

the young frigate's post-fledging feed-

ing period and its obvious difficulty in

achieving independence.

The frigate's breeding cycle is more

than twelve months from pair forma-

tion to abandonment of the juvenile.

It is thus likely that, even assuming

the maximum possible breeding suc-

cess, frigates produce, on average,

considerably fewer than one young per

year. In fact, breeding success is far

from high, if the colony on Tower was

representative. There the 1964 breed-

ing season started in January, with the

blossoming of the male's huge red

gular sac — his nuptial adornment.

When fully inflated, this structure feels

like a warm, tight, rubber balloon.

The surface is seamed with a network

of capillaries, which exude drops of

blood whenever the sac is punctured

by a thorny twig or the sharp bill tip

of an opponent. These scarlet sacs are

a memorable sight, couched between

the vibrating black wings of frigates

displaying among the green Crypto-

sac has not yet been totally inflated.

Note way in which feathers are flared.

carpus or in the dry, lichen-silvered

branches of the Palo Santo trees.

During the male "advertising," the

sac is inflated and displayed to attract

females that fly overhead. Displaying

males turn their widespread wings for-

ward so that the silvery undersurfaces

reflect the sunlight like a mirror. The
male enhances the effect by violent

wing trembling and constant swiveling

to orient himself toward the flying

female. The display is lifted to a

bizarre level by the scarlet of the dis-

tended sac and the passionate, high-

pitched warble that the frigate utters

as it throws its head back and turns

it from side to side.

Frigates may display singly or in

clusters of up to twenty birds. A dis-

playing male attracts others, and the

group grows. At this stage there is no
aggression between competing males,

although often they do compete simul-

taneously for the attention of a single

overflying female. Females appear

singly or in small numbers, and as one

cruises above she evokes frenzied dis-

play from a whole group of males; we
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Female alights next to a displaying

male. Red-footed Booby is at the right.

recorded thirty males in one cluster

displaying simultaneously to one fe-

male. In dense colonies, displaying

males are commonly in bodily contact,

so the effect of such a concerted out-

burst is extremely dramatic. A group

of males may remain in one area for

several days, by which time a propor-

tion of them have attracted females

and formed pairs. The remainder then

disperse and join other groups, the

center of activity constantly shifting

from place to place in the colony. One

may see a displaying male, after a pe-

riod of inactivity, take off and, im-

peded by his great, wobbling sac, fly

off to some other area.

The male display attracts females,

which fly lower and eventually land

close to a particular male. One can

watch the same female visiting more

than one male, sometimes widely sepa-

rated. The part played in pair forma-

tion by female choice is obviously

significant, as it is in many other spe-

cies of birds and mammals.

As in many sea bird species, the

J^\_ meeting of the pair is followed

by a mutual display that serves to

strengthen the pair bond and is par-

ticularly lengthy and intense in the

early stages of pair formation. The

female usually lands opposite a male

who is displaying ardently with out-

spread wings, and finds herself liter-

ally embraced by him. Frigate pairs

meeting at the nest or nesting bush

perform a mutual head waggling, from

a rather crouched position, bending in

^, .;-^.v-.>^'

unison to touch or grip the twigs, shak-

ing their heads from side to side, and

in the process rubbing their beaks and

heads together and thus receiving

tactile stimulation.

They crouch in this position for

hours, looking most affectionate and,

at intervals, breaking into the mutual

head-shaking display with calling. The

male continues to warble, as in his

advertising display, and also utters a

fine-drawn rattle, like the winding of

a fisherman's reel : the female chuckles

hoarsely as the counterpart to the

male's high, falsetto notes. Usually the

male's sac slowly deflates when the

pair is together, although it may re-

main inflated for some hours.

Frigates probably often form per-

manent pairs, like most large sea

birds; they also probably form per-

manent attachments to a particular

nest site. Yet all males that intend to

breed display in each new breeding

season and are not highly selective in

the initial phase; far from responding

only to their old mate, they display to

several different females and will form

a pair with any of them,

In order that old pair bonds may be

maintained—and bear in mind the

male's readiness to accept new females

—it seems that it is up to the female

to respond selectively to her old mate

and re-establish the relationship. By
association she will inevitably have a

strong tendency to return to her old

site, on which she fed the juvenile for

so long, and it is likely that in most

cases she will succeed in pairing with

her old mate. In many instances the

pair re-forms on the excreta remaining

from the previous nesting; young

frigates do not wander far from the

nest, and even juveniles tend to sit

there between feeds, so their excreta

form a solid pad that endures until

the next nesting. In experienced fri-

gate pairs the advertising display and i

the subsequent mutual display may i

well serve to synchronize the pair

Head waggling and "embracing" of

female are usual behavior patterns
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nembers physiologically by bringing

ihem into breeding condition harmo-

liously. In birds that pair for life, the

•o-operation between pair members

akes time to build up, and is impor-

ant for breeding success; mutual dis-

Dlays help produce this co-operation.

Since the frigate's breeding cycle

:akes considerably more than a year

(if the six-month post-Hedging feed-

ing period that we observed on Tower

!S normal), it follows that they can-

lot breed annually. Yet, from the few

existing records, it appears that fri-

2;ates on Tower nest at much the same

dme each year — certainly not at

'/\ridely differing periods. These two

facts, if we can depend on them, must

nean that there are two groups of fri-

gates, which, if they are successful,

jreed in alternate years—a most inter-

esting and unusual phenomenon.

AT this point I would like to recount

^ the extraordinary state of af-

fairs we found in the dense frigate

;olony on Tower. In about 4.500

iquare yards of Cryptocarpus shrub,

212 frigate nests were built between

fanuary 20 and May 20, 1964, a con-

;entration probably as dense as fri-

;ates ever nest.

After pair formation, the male

done gathered nest material, while

he female guarded the site and built

he nest from the twigs he brought.

The labor involved in accumulating

his material is tremendous; each

;mall twig is won by hard chase of a

jooby or another frigate, and deliv-

;red only after evasive action to and

ro across the sky before the frigate's

inal descent to the nest in a spectacu-

ar, tightening spiral that throws off

he last pursuers. It seems a hard way
o aather nest material, but it also

during the period of pair formation

jnd before the laying of the single egg.

seems to be "in character." The fe-

male spends up to six days continu-

ously at the nest before laying the

single egg about three weeks after

pair formation (early nests remain

empty longer than late ones).

Fresh eggs are chalky white and
weigh 69 to 96 grams (an average of

85 grams in 24 eggs weighed), which

is about 5 per cent of the female's

weight. Laying takes about two min-

utes. The first long incubation spell is

taken by the male, which may take

over as little as four hours after the

egg has been laid, although if he is

away feeding, the female may incu-

bate for up to eight days after laying.

The visual stimulus of the egg seems

to act as a switch mechanism control-

ling the male frigate's sac inflation

and display. Males guarding eggs

never display, and their sacs slowly

shrivel. We never saw an incubating

male frigate with a distended sac.

So far there had been nothing un-

usual in the pattern of events. Old

males had (presumably) returned to

old nests, displayed, attracted some
other males that were breeding for the

first time, and had eventually (again

presumably) in many cases acquired

their previous partner. Some of the

young males breeding for the first time

had acquired mates and formed pairs

near the experienced birds, while the

remainder had moved to other nuclei

to try again. However, soon after egg

laying was seriously under way, a

dramatically high proportion of pairs

lost their eggs. From our completed

records we know that 205 out of a total

315 eggs (65.1 per cent) laid during

this season were lost before hatching—

an astonishingly high figure.

THERE were various causes of egg

loss. During incubation several

eggs simply fell through the too-flimsy

nest. Others were lost during nest re-

lief, or change-over, when the incubat-

ing partner was relieved by its mate.

The incomer, eager to incubate,

pushed against the partner, which had

to disentangle itself from the twigs of

the nest. It usually did so by raising its

wings and beating them gently to give

itself greater ease of motion. If the

nest was at all flat, this movement
caused the egg to roll out. Fifty per

cent or more were lost under circum-

stances suggesting direct interference

from a third party. This third category

introduced several mysteries, but let

me first deal with the other two.

The flimsy nest is partly a reflection

of the difficulty of gathering nest ma-
terial. The premium on such material

is shown by the almost unbelievable

attraction an unguarded nest has for

other males. In several cases the time

lapse between an owner leaving and

an intruder arriving at the nest was

less than five seconds, and often four

or five such intruders made an almost

simultaneous dash for an unguarded

nest. Sometimes when we approached

an incubating bird, it would make
slight intention movements of leaving,

and even these subtle hints were

enough to bring down the ever-watch-

ful "thieves." Yet the site, per se, has

no special attraction, and once bereft

of nest material it is no longer visited

by interlopers.

Egg loss during change-over sug-

gests one possible reason for the fri-

gate's long incubation stints; the aver-

age of 80 spells was 9^2 days for males

and 11^2 days for females, with maxi-

mums of 15 and 18 days respectively.

Thus, during the 55-day incubation of

the egg, nest relief occurs only four

or five times. If frigates changed over

as often as, say, the Blue-footed Booby,

Sula nebouxii, this number would be

90 or more, and the danger of egg loss

correspondingly higher.

I should not imply that this is the

only reason for the frigate's long in-

cubation stints. It is possible that an-

other reason lies in its feeding meth-

ods, which require such long foraging

trips. However, the length of an incu-

bation period reflects both the needs of

the adults and the interests of the egg,

and the latter are served by having

the fewest possible nest reliefs. During

an unbroken incubation period of 10

to 15 days, frigates lose up to 20 per

cent of their body weight—a substan-

tial loss for such light birds. Replace-

ment of metabolized reserves, which
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Young bird, above, is about a month

old. The precocious scapulars form the

consist, not of "ready food" in the crop

or stomach, but of fat deposits, may
well require comparatively lengthy

feeding spells. It is likely that the

lO-to-15-day stints represent the best

compromise between the interests of

the egg, the maximum possible length

of stint, and the optimal facility with

which adult reserves can be replen-

ished after depletion. Shorter stints

would mean less depletion and easier

replenishment, but also more nest re-

liefs. Longer ones would require

greater depletion, which would per-

haps be physiologically harmful.

THEN we discovered a puzzling situ-

ation. Often, within minutes after

egg loss that occurred during female

incubation stints, a male arrived at

the nest (which the female had left

unattended), quickly inflated his sac,

and began to display. Was he the origi-

nal owner or an intruder? In some

such cases our regular checks, carried

out every few hours, told us that the

owning male had been away for only

a comparatively short period. Could

he already have been to sea, replen-

ished his food reserves, returned, and

been cruising around keeping an eye

on things from above while his mate

incubated? It seemed most unlikely.

Why should he be around the colony

during this recuperative period after

a long incubation stint, and if he really

was in the vicinity, why was he ordi-

narily never seen at the nest for the

whole of the female's incubation spell?

No, it did not seem that the male

displaying on the nest that so recently

had lost its egg could be the original

owner. Yet he often quickly attracted

a female: in some cases, within less

than an hour of egg loss a pair of fri-

gates was at the nest. If the male was
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black "cape." At right, a juvenile female

suns. Note that the wings are slightly

a new one, an intruder, who was the

female? In many cases, she was un-

doubtedly new. We could be sure of

this, since some females that lost their

eggs and then failed to show up again

were individually recognizable by

means of patches of dye we had put

on their white underparts. Clearly,

therefore, in at least some cases (pos-

sibly many) the nests that lost their

eggs were quickly taken over by op-

portunist males and new females. The

previous owners simply disappeared,

or in some cases, possibly, the female

later returned, since occasionally a

second female came and sat near the

nest, now taken over by the new pair.

This take-over procedure was, in

itself, a highly unexpected discovery

for us. Many sea birds are extremely

aggressive territorially; it would, for

instance, be inconceivable that any

species of booby could lose its nest site

to an intruding male in the middle of

the season. Even if they lose their egg,

they usually continue to attend the

site, and would certainly drive away

any intruder. Yet here were frigates

losing eggs and nests to intruders, not

rarely, but regularly.

Nearly every nest had at least one

whole or broken egg lying on the

ground below, while some had two or

even three. Often eggs disappeared

less than 24 hours after laying, and al-

ways there were the same questions—

what caused the egg loss and who were

the subsequent occupants of the nest?

Often, too, the original pair must have

remained in possession, because a new

egg appeared 4 to 10 days after the

loss of the old one, and a new pair

Juvenile pushes head inside female's

mouth for its food—often flying fish.

rotated outward. This permits sunlight

to reach to underside of the feathers,
,

could not have come together and pro-

duced an egg in so short a time. Sc

there seemed good evidence that some

pairs lost eggs, remained in possessior

of the nest and re-laid; others lost egg;

and were replaced by newcomers; stil

others lost eggs, disappeared, and « en

not replaced, although the nest ma
terial v\'as invariably stolen.

The whole situation was extraordi

narily interesting. Two-thirds of thi



breeding effort was being wasted

through persistent destruction of eggs

and even young, for there was a good

chance that the frigate chick would

come to grief one way or another.

Thus, several small chicks, left un-

guarded, were attacked and killed by

intruding males. We were astonished

to find that in two cases the rightful

male sat near the nest while an in-

truder pecked his chick and would

have killed it but for our interference.

Then the male parent went to the nest

and fed and brooded its offspring. But

Iwhy was he permitting the intruder to

trespass and attack his chick so fla-

grantly, without attempting to drive it

away? In some cases, intruding males

sften took over nests after actually

causing egg loss and then acquired a

new female, so it was clear that there

were both surplus males and females

in the population. There were plenty

af sites, so why did they not pair nor-

nally instead of disrupting the repro-

duction of other pairs?

One factor may partly explain this

'strange situation. Nest material was

clearly so scarce that frigates had an

enormous incentive to take over ready-

made nests. Yet this factor alone seems

inadequate to explain such an impor-

tant effect on breeding success. It

would be of great interest to know if

our experience of a frigate breeding

season was typical.

There remains one more striking

feature of frigate breeding biology.

The egg hatches after a 55-day incu-

bation period and, at first, the young

are constantly brooded. Whichever

parent happens to be incubating when
the egg begins to chip (it doesn't need

to hatch to release the response) un-

dergoes a striking change in routine

and remains away only one or two

days, instead of the usual 10 to 15,

after relief. The partner, of course,

responds similarly to the hatching egg

or young chick, so that the new regime

is established between the pair. This,

in turn, insures that the tiny chick does

not have to survive long periods with-

out food. Later it can do so.

When the chick reaches the age of

23 to 39 days, it is left unattended. By

M

this time it weighs about 300 grams.

It is incapable of adequate self-defense

and, in fact, falls prey to other frigates

or, on Tower, to the Galapagos Short-

eared Owl, Asio galapagoensis, and on

some other islands to the Galapagos

Hawk, Buteo galapagoensis. We re-

corded 31 chick deaths (out of 110

chicks that hatched successfully) oc-

curring within the first few days they

were left unattended. Considering the

relatively small proportion of eggs

that survived to the hatching stage,

this is a considerable mortality. One
may well wonder why the adults do not

guard their chicks for two or three

weeks longer and so insure their sur-

vival. After all, they will feed them for

another four months before they fly.

But that is another frigate puzzle.

The subtlety of the adaptations-

morphological, physiological, and be-

havioral—that fit an organism for its

way of life are rightly stressed in sci-

entific investigations, but it would be

interesting to study the evolution of

non-adaptive features in biology. The
frigate would be a good subject indeed.

%%
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Hideaway for Moths
Some adults live in the hair of two- and three-toed sloths.

By Richard S. Casebeer and Charles L. Hogue

UNLIKELY partnerships in nature

are common. Well-known exam-

ples are the flagellate protozoa that live

in the intestines of termites and facili-

tate the digestion of cellulose, or the

little fish, Nomeus, that lives with

impunity among the deadly stinging

tentacles of the Portuguese man-of-

war. Less well known are the moths

that live among the long, dense hairs

of sloths. The precise symbiotic rela-

tionship between the "sloth moths" and

their unlikely hosts is still a mystery.
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Three species of pyralid moths of the

subfamily Chrysauginae are known

to live as adults on the two genera of

sloths, Choloepits and Bradypus. The

moth Cryptoses choloepi, first discov-

ered on and described from Choloepus

hoffmanni, the two-toed sloth of Pana-

ma, is represented by the largest num-

ber of specimens in museums. At the

Los Angeles County Museum we have

large numbers of Cryptoses from both

sloth genera that were collected dur-

ing three years of field work in Costa

Rica. The other two species of mothsj

Bradypodicola liahneli and Bradypo-

phila garbei, have been found on one

species of Brazilian three-toed sloth

Bradypus infuscatus.

All three of the moth species are

rather small—approximately 10 mm
in length. Their wings are a dusky

dark brown, and several longitudina

light streaks, or lines, mark the forf

pair. Their bodies are somewhat flat

tened, but these insects are otherwise

distinguishable from their close rela

lives and each other only by identify

ing anatomical details.



Dusky brown moth, at left, Cryptoses

choloepi, was collected from the hairs

of a three-toed sloth in Costa Rica.

Adult moth's streamlined body is well

adapted for moving through the sloth's

hick hair. Two moths may be seen here.
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Pwo-TOED SLOTH,Choloepus hoffmanni,

it right, of Panama and Costa Rica,

s another host of the sloth moth.

The sloth moth does not seem to fit

he definition of a true ectoparasite.

is yet no stage of the moth has been

ibserved to feed on any part of the

lOst. There is widespread speculation

hat the larvae live on the sloth, feed-

ng on the algae that so often grow

bundantly on this mammal's hair, but

our knowledge no valid observation

as confirmed this belief. Careful ex-

{

mination of numerous sloths in Costa

ilea at different seasons of the year re-

ealed no moth eggs, larvae, or pupae,

1
ven when adults were abundant. If, in

;uL the larvae do live on the host,

bey may feed upon the animal's hair

tself or on skin debris in a manner
imilar to that employed by ancestors

f the clothes moth.

An alternate hypothesis to explain

iie presence of these moths in their

t

nusual habitat is possible: the dense

air of the mammal simply offers a

nique refuge for the adult moths, and
ne larvae are normal plant feeders like

most of the other members of their

subfamily, Chrysauginae.

The adult moths do not appear to

feed, as indicated by their reduced

mouthparts. The presence of a few ad-

ditional anatomical peculiarities sug-

gests relatively recent association of

these Lepidoptera with the sloths. The

depressed bodies and the capelike ves-

titure of long scales projecting back

across the head, neck, and bases of the

wings are apparently adaptations to

facilitate the movement of the animal

through the forest of hairs in which

it lives. This cape of scales may func-

tion in much the same manner as the

ctenidial combs of fleas and other ecto-

parasitic insects. The combs are rows

of backward-projecting, stout spines

that help streamline the insect's body

and, like the barbs of an arrow, pre-

vent it from being drawn back through

the hairs. The moths are capable of

rapid and agile movement among the

hairs, and fly readily about the host

when disturbed, making them extreme-

ly difficult to catch.

Collecting moths from the three-toed

sloth is an interesting exercise, and the

truly slothful movements of the crea-

ture permit the operation to be a lei-

surely one. The mammal's defensive

motions are confined to slow, method-

ical movements of its head from one

side to the other. One can spend two

or three minutes on each side picking

through its pelt and chasing the moths
with forceps. The two-toed sloth, on

the other hand, is far from being an

indolent creature, lashing out with its

large claws and nipping ferociously

when confined. To collect sloth moths
from this species could be hazardous.

It would be a rewarding project to

investigate the true nature of the rela-

tionship of the sloth moths to their

hosts. We still need to know the struc-

ture and food habits of the larvae—as
ivell as the reasons for the attraction

of the adults to the mammal.

4T



Ancient Hebron, the
THE hill country of ancient J,udah

casually rolls southward from the

Sea of Galilee toward Egypt. Here and

there, a few small villages momentarily

interrupt the flow of the stark and

rocky landscape. Some eighteen miles

helow modern Jerusalem, one of these

interruptions has taken advantage of

its five-thousand-year perch to sprawl

into the rather large town of El Khalil.

From an elevation of approximately

twenty-six hundred feet, the town still

surveys the historic trade communica-

tion line through the hills—now a dead-

end road.

Miles of greenery surround the area,

watered by over a score of springs, two

huge pools, and late summer fog blown

in from the Mediterranean a few miles

to the west. Since ancient times the

town and its neighboring hills have

been renowned for their vineyards,

pomegranates, figs, olives, apricots,

apples, and nuts.

In the southwestern sector of the

town rise the walls of an imposing

mosque, the Haram Ibrahim, tradi-

tional burial place of the Patriarch

Abraham and his family. Nearby are

the sites of the oak of Mamre, where

Abraham pitched his tent, and Ramat

El Khalil, where he built his house.

The biblical name of this town was

Hebron, meaning "a league" or "asso-

ciation"; the modern name of El

Khalil means "the friend," so called in

honor of Abraham, "the Friend of



City of David

Excavation of an Islamic house

overlooks modern El Khalil. In

left background is the Mosque of

Abraham, tomb of the Patriarchs.

Jebel er-Rumeide, south of the

present town, may have been site

of city gate. Hebron was possibly

occupied in Early Bronze Age.

By Philip C. Hammond

God." Its claim to fame—ancient and

modern—is based on its situation, its

agriculture, and its history. But these

very factors seem to have been the

town's undoing: the dead-end road

beyond it stopped the flow of progress

and intercultural exchange that had

made it famous in the past; the rich-

ness of its agriculture became a hered-

itary sinecure for its sons only; its

sanctity froze into fanatic orthodoxy

unmatched anywhere else in Jordan.

El Khalil became a byword throughout

the East as a most unpleasant place

for foreigners, difficult for settlement,

and almost impossible for non-local

businessmen.

SUCH was the local climate when I

requested a permit from the Jor-

danian Department of Antiquities to

excavate at Hebron. All objections to

the project were met, pacified, or

countered by almost two years of care-

ful planning, close consultation with

the Department of Antiquities, the as-

sistance of other governmental offices,

and oddly enough, the almost over-

whelming co-operation of the local

inhabitants. Specific details were dis-

cussed, in letters and in person, with

Dr. 'Awni Dajani, Director of Antiqui-

ties of Jordan.

I conducted a preliminary survey

on the site with the excavation secre-

tary in 1963, in order to propose ten-

tative areas for excavation and to meet

the people of El Khalil. We visited

fields, haunted municipality offices,

questioned farmers and shopkeepers,

and answered their endless questions

in return. A thousand-meter perimeter

was set around the mosque area to re-

assure everyone concerned with the

sanctity of the holy place—Moslems,

Christians, and Jews—that no desecra-

tion would take place. This was an

official governmental action, and was

made known to the local population.

On the evening of July 14, 1964, the

project finally got under way, as the

twenty-two staff members of the Amer-
ican Expedition to Hebron sat down to

their first dinner together and their

first briefing session on customs, pro-

tocol, and other niceties of Arabic life.
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This particular approach was perhaps

more necessary at Hebron than at any

other site because of the local cultural

climate. As a result, the summer passed

without incident or difficulty.

Hebron is one of the last major

biblical cities of the ?Vear East that had

not been excavated, although it is re-

lated to critical traditions and develop-

ments during the entire period of

biblical history. Said to have been

built "seven years before Zoan" (a

city that was in the Nile Delta of

Egypt), Hebron is shown in the Bible

as a thriving town in the tradition of

the Patriarchs. The Patriarch Abra-

ham is closely associated with the site

in the biblical account, and may well

have been a cult hero of the district

whose story was assimilated into the

biblical saga. In any case, the Abra-

hamic story of Middle Bronze Age

Hittite residence in the area, plus the

possibility of cultic materials from this

era, warrants interest in the site. The

Mosaic tradition also knows of He-

bron, for it was to this place that spies

were sent to reconnoiter the '"promised

land," after the Exodus.

IN the conquest of Hebron—narrated

in Joshua and Judges—the city

again plays a role as one of the objec-

tives of the invading Israelite Army,

taken, "utterly destroyed," and given

to Caleb, a clan follower of the Israel-

ites, as an inheritance. Samson, that

legendary prankster of the period, con-

tributed to Hebron's fame by carting

there the front gates of Gaza, on the

•western coast, during a fit of pique
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against the Philistines. Hebron, under

the control of the Levites, was also

one of the cities of refuge, where flee-

ing killers could find sanctuary.

But it was under the Israelite mon-

archy that Hebron's reputation was

made historically. With the death of

Saul and the fall of his army to the

Philistines. David suddenly returned

from a mercenary career with that peo-

ple and was made king over Judah at

Hebron. The city remained David's

capital until he took Jerusalem seven

and a half years later. Of the events of

that time the Bible says little, yet dur-

ing this period the Davidic political

structure evolved, along with the re-

ligious cult and the theological orien-

tation of Israel.

With the shift of the capital city

to Jerusalem, Hebron was eclipsed po-

litically. Yet the ancient claims of the

city's greatness were recognized by

Absalom, David's son, who attempted

to usurp his father's throne and be

proclaimed king at Hebron. He was

thwarted, and Hebron emerges in the

Old Testament as one of the fortified

cities of Rehoboam, Solomon's son.

The possibility that the site was a

Canaanite royal city, ^vith nearby

Mamre as a cult and oracular shrine,

seems quite definitely indicated by its

inclusion in the biblical sagas. By the

fourteenth century B.C., the Amarna

letters, written by petty officials in

Palestine to their Egyptian overlord

Ikhnaton, refer to a city that seems to

be Hebron. Likewise, the Medinet

Habu conquest list of Ramses III men-

tions a site that might be that city. The

"':;•• ..-#3

Cistern and drainage canal, in trench

at left, were revealed during the dig.

eighth century B.C. knew Hebron as a

pottery works, as is attested by in-

scribed jar handles found throughoul

Palestine.

After the fall of Jerusalem in 586

B.C., Edomites from the desert moved

in and occupied Hebron, and were not

driven out until the days of Judas

Maccabaeus. In about 164 B.C., Judas

took the city from the Idumeans and

pulled down its fortifications.

In the days of Herod the Great

Hebron again emerged, refurbishec



d honored as part of that king's ex-

isive building operations. An en-

)sure was built around the tradi-

mal site of the cave of Machpelah,

burial place of the Patriarchs,

)ng with other civic betterment proj-

ts still discernible by their character-

ic masonry. In the latter part of the

end century A.D., Hadrian built a

ad to Hebron and established a

irket that became renowned. Con-

mtine kept up the architectural

ord of his predecessors, and built

basilica to the memory of the Patri-

hs in the fourth century A.D.

When Islam erupted from the Ara-

m peninsula, Hebron's ancient re-

ious fame was again recognized,

le city and its fields were given by

3 Prophet Mohammed to the Tamin

Dari and their families, and the

ve of Machpelah became a mosque,

le site formally entered its first

amic period {ca. A.D. 635—1200)

d became a major Moslem holy

ice in Palestine.

During the Crusades, Hebron was

iptured and refortified as the ''Castle

St. Abraham." For a time this was

e southernmost point in the Latin

ngdom's defenses, a fief of Gerard

Avenues, under the patent of God-

!y of Bouillon. In A.D. 1167, Chris-

nity gave way once more to Islam.

1210, Moslem control was firmly

tablished over all the area, and He-

on became a station on the hegira

ute to Mecca.

WITH the beginning of scientific

Near Eastern archeology in the

early years of the present century—and

more particularly since the mid-

thirties—biblical and historical sites in

Palestine were excavated one after the

other. Only excavation at Hebron was

never attempted. Thus, in the summer

of 1964, scholars were granted the

unique opportunity of excavating at

a completely untouched site of major

historical importance.

Excavation at Hebron followed the

methodology developed by Sir Morti-

mer Wheeler and Dr. Kathleen Ken-

yon, generally referred to as "strati-

graphic." The presupposition of this

technique is that every period of

human occupation (or lack of it) in an

area leaves some discernible trace that

can be isolated. Hence extreme care

is taken in excavating a limited field

or area, stratum by stratum.

At Hebron, we selected three major

areas. Area I was the mountain known

as Jebel er-Rumeide, to the south of

the modern city, today largely given

over to olive groves. Area II was a

field at the crossroad of the two main

arterial communication lines at the

northwest end of the modern town, in

the valley called Wadi Tuffah ("the

Valley of Apples"). Area HI was on

the eastern slope of Jebel Batraq

("Mountain of the Patriarch") , to the

north, an area of modern vineyards.

Areas II and III were investigated

by soundings only—these were usually

16-foot-square excavations, dug only

as a test. This was done in an efEort

to check the extent of habitation in

antiquity at those points. Unfortu-

nately, both produced negative evi-

dence and were closed. Area I, how-

ever, seemed most promising during

the preliminary survey, and justified

that promise upon excavation.

Site I of that area was first opened

on a terrace step in the midst of an

olive grove, against an existing, an-

cient wall line still visible on the sur-

face. This was the highest trench site

on the mound, and was thus presumed

to have been inside any defense works

erected around it. Excavation proved

this evaluation correct.

Dr. Murray Newman of Virginia

Theological Seminary and Dr. Robert

Boyd of Luther Theological Seminary

acted, in turn, as supervisors of this

site, with the assistance of student

members of the staff. Less than half a

meter below modern surface (terrac-

ing fill), the excavators began to

strike results. Some 97 levels and 19

phases later, the first trench had more

than justified the problems resulting

from blocking traffic across the grove,

dodging olive tree roots in progress,

and moving out rock fill [page 46).

On bedrock itself were the remains of

what appeared to be a mud-brick

structural wall. Its destruction by sub-

sequent building operations in later

periods precluded much in the way of

plan, but the remnant of the structure

^ /5

Tags mark the civilization levels uncovered in excavation,

above. Vessel in floor may be a mortar for grinding grain.

Roof pillar, left, was discovered still erect on the plaster

floor; once it may have supported the house's second floor.
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Rectangular blocks in pavement are

dated from the Byzantine Empire.

(probably a house wall) at least gave

evidence of occupation at this point

and in this area as early as the begin-

ning of the Early Bronze Age I in

Palestine (ca. 3100-2900 B.C.).

After a long period of abandonment,

the area was filled and built up with

a combination of bricklike levels of

clay, soil, and soft limestone, with a

plaster floor. The Middle Bronze Age
I (ca. 2100-1850 B.C.) had been

reached by this point, and building

operations continued rapidly through

both the transitional stage of that pe-

riod and its more specific divisions.

A rather heavy wall of stone was next

encountered, cutting into the earlier

structures and going down to bedrock.

Fragments of a thick, yellow clay plas-

ter, typical of the site as a whole, were

found on the interior side of the wall.

Apparently the later part of the

Middle Bronze Age saw some change

in the habitation of this quarter of the

mound, for two burials were uncov-

ered, cutting through floor levels of

the wall stage, and marked by stones—

hardly what one would expect within

the occupied area of a Middle Bronze

Age town, where external necropolises

were the practice. These two burials

were unaccompanied by any of the

usual burial goods associated with

tomb burials, with the exception, hap-

pily, of pottery. Following this phase

of use of the area, a succession of poor

floor levels, some showing the fire

marks of camping, continues on all

through the latter part of the Middle

Bronze Age.

A gap between the end of Middle

Bronze Age and the Iron Age appears

at this point, although a few Iron Age

I sherds [ca. 1200-900 B.C.) mixe(;

with later ones indicate some occupa;

tion of Jebel er-Rumeide during tha

time. It was the Iron II period. Iron

about 900 to 587 B.C., that provide

the expedition with a fine house plar

however. Although existing olive tree

prevented securing the entire plar

sufficient evidence regarding its natur

was possible. Within the walls th

house boasted a thick floor of the sam

ubiquitous yellow clay found in th

Middle Bronze Age structure. Sun

into the floor was a large mortar an

a monolithic pillar. The latter prol

ably served to support the second floe

of the house, since by Iron Age II th

Israelites, who had now taken ove

Canaan and were well settled, ha

moved up to the second floor level c

their dwellings, leaving the groun

floor for their animals. Storage jar

one complete and intact, were foun

here and there inside and outside tl;

house walls. The complete specime

was found sunk under the floor, i

mouth at floor level. This type (

"pantry" was not unusual and can 1

traced from Early Bronze times.

Another gap appeared in the chroi
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Diagram, above, and photograph, right,

show some of the 97 levels of the first

trench. Early Bronze Age habitation is

traced to the lowest level in trench.

Vessel dating from the Late Bronze
Age was found in lowest trench level.
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logical sequence, following the sec-

nd part of the Iron Age phase,

ometime in the Late Roman-Early

lyzantine period, between the late first

entury a.d. and the middle of the

)urth century A.D., this particular area

as again the site for building opera-

ons. Considerable fill was poured

ver the existing ruins, and on it was

lid a pavement of heavy slabs.

Slightly low'er down Jebel er-Ru-

leide, on a broad terrace not compli-

iilfd either by modern cultivation or

rcliards, surface pottery indicated the

robability of fairly heavy occupation

1 the Islamic period. Dr. R. Coleman,

f ."-iouthwestern Baptist Theological

eminary, opened a five-meter square

1 the center of the field. This site soon

roadened, as the walls and rooms of

'1 Islamic house of early date began to

nerge just under the surface on the

nderlying bedrock. The house's ar-

jngements of walls, patching, relay-

ig of floors, and pottery remains indi-

jted a long period of use. It soon

ecame obvious to us that here was a

isidence of some size and richness,

his fact, coupled with a clear view

;ross the valley to the city and the

losque, suggests that this was the

ome of a prominent citizen of Hebron

I the early Islamic period.

By the time excavation was com-

leted, over a hundred strata with ten

hases of occupation were discernible,

if these phases, four related to the

Jamie house directly. The earliest

age of the house's use was clearly its

lost important, for in succeeding

ears, the exterior levels built up

ipidly, crosswalk marred the plan,

ad rather poor attempts were made at

jpairs, showing a steady decrease in

le fortunes of the tenants. Originally

16 house boasted colorful plastered

5oms, a large bath tiled in small mo-
lics, an outdoor cooking area, well-

lid drains, and a large storage cistern

It into bedrock for storage of water.

r
HE change of fortunes of other

residents of the site also appeared

uring the excavation. Most notable

as a capital, quite obviously "ac-

uired" from a Byzantine church lo-

ited a few hundred meters away. The

uilder of the house had used the

ipital as a stepstone, but so his choice

ould not offend fellow religionists,

i carefully plastered over the crosses

id flanking doves that were carved

ito the four sides of the capital's

;ctangular top.

One of the two Bronze Age burials is

seen as discovered under an Iron Age

Beneath the floor of one of the side

rooms, a Byzantine period burial was

also uncovered. This was a secondary

interment, with the bones rearranged

inside a wooden casket. The wood had

totally disintegrated, but large iron

spikes still held its shadowy outline

together in the surrounding soil. Rem-

nants of still earlier periods also came

to light below the house, going back

to the same early periods found else-

where on the site. Coins, glass, objects

of everyday use, sherds, and one com-

plete vessel about twelve inches wide,

formed with three compartments, came

out of the debris of this house.

One trench, under the supervision

of Dr. Gerald A. Larue, of the Univer-

sity of Southern California, proved to

be the most significant in terms of the

ancient fortifications for one of the

Near East's most militant periods, the

Hyksos age (see Natural History,

August-September, 1963 ) . At surface

level, in front of the remains of the

massive vertical wall, a fifteen-foot ad-

dition was found; both walls were

firmly set on and in bedrock. Floor

levels and their associated pottery in-

dicate that the extension to the main
wall was of Hyksos period origin, and

may reflect a local version of the

plastered scarp technique found in

Hyksos fortifications elsewhere.

The lowest levels produced ma-
terials seen elsewhere on the site and

dating from Hebron's earliest periods.

An Early Bronze I complex was found,

consisting of deep pits cut into bed-

rock, with a plaster slab and walls.

Miscellaneous sherds dating from

about 3600 to 3100 B.C. were also re-

covered, but without any structural

features associated with them.

The possible presence of a gate area

house level. This was unusual in an
area that had external necropolises.

a few hundred yards from this site

suggests that Jebel er-Rumeide was
inhabited thickly enough during the

Middle Bronze Age, especially ca.

1750—1550 B.C., to warrant the erec-

tion of the complex wall system.

IN order to investigate both the pos-

sible continuation of the wall of

the third trench and the wafl lines of

the first one, still another trench was
opened. Under the supervision of Mr.
James Herrington, of Princeton Theo-
logical Seminary, this excavation pro-

duced one of the "busiest" complexes
of walls on the mound. The main set

of the ten walls uncovered here was
related neither to the Middle Bronze
Age walls, nor to the Iron Age com-
plex, but, rather, to the Islamic house.

The same process of overbuilding and
rearranging became obvious, parallel-

ing the progressive stages of plan

modification seen in the house.

Below the Islamic walls were the

truncated fragments of earlier wall

lines, but little was left after the Is-

lamic builders sank their foundations.

At the bottom of the trench, however,
the fragments of a single, large vessel

from Late Chalcolithic—Early Bronze
times (ca. 3260—3100 B.C.) were re-

covered, as well as quantities of the
Early Bronze painted ware.

While these operations were going
on, three student members of the staff

sought out Hebron's ancient tombs.
The first test was conducted by Mr.
Frank Garcia, an Arabic-speaking

graduate student from Princeton Sem-
inary. Not far from the site of the

Islamic house, modern treasure hunt-

ers had begun operations that seemed
to promise results. A sounding was
made at the top of a terrace slope,
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and what appeared to be an under-

ground opening was reached after

going down through a considerable

mass of terrace fill, including Late

Roman and Byzantine debris. It was

then decided to approach the opening

from the side of the slope, to expedite

the removal of the fill. Instead of an

opening, however, the workmen un-

covered the remains of a vaulted struc-

ture with related walls, resting on a

bedrock ledge. Below the ledge, at

some depth, two openings in bedrock

were found. These appear to be tun-

nels, and may be related to similar sub-

terranean passages found elsewhere on

the site. Because of the nature of the

fill, the size of rockfall in the entries,

and other factors, however, these pas-

sages could not be cleared and ex-

plored in the 1964 season.

48 .

Sherds are examined and dated,

above, in "pottery session" by staff.

Triple-compartment vessel, left, is

unique; it dates from Islamic period.

Ceramic seal, beloiv, has geometric

design. It is 1% inches in diameter.

As the rockfall was removed from

the ledge, connection was made with

the sounding square originally made at

the site. The opening that had been

reached from above proved to be

through the top of a crude dome over

the mouth of a cave. When the ma-

sonry complex was cleared, photo-

graphed, and surveyed, entrance was

gained by the removal of the dome.

Inside was a fairly large cave, heavily

silted and encumbered with fall debris.

Fire marks and other evidences

showed this to have been a residential

cave. When the occupation period was

finally reached, another complete Late

Chalcolithic bowl was discovered, ly-

ing up-ended upon a platform-like

earthen and stone bench at one side of

the cave. Although not a tomb, this

complex, especially the cave proper,

furnished further data concerning oc-"

cupation on the site. It gave the first

positive evidence of actual habitation '4'

(as compared to casual camping),

|

during the later part of the Chalcolithic |''

period, of Jebel er-Rumeide, itself. |'f

A tomb test in an olive orchard at|"

the southeastern end of the mound, and'"

well down the slope, also seemed prom-

ising. Its location was ideal for a necro-

polis hunt, and the magnetometer!

survey indicated considerable subsur-

face disturbances. All of this "evi-

dence" resulted in a five-meter square,

of gently sloping bedrock, less than v

two feet beneath the surface! A "dog-

leg" sounding trench at one corner re-

sulted in a wall line, one stone high,

resting solidly on bedrock. We decided)

to give up, and go to a more productive!

area. On the day that excavations were

to be halted on the site, however, we

found that the surface of bedroci

dropped sharply, disclosing a vertica

face and the mouth of a cave that wa;

clogged with fall debris. When the cav^,

was excavated, level by level, anothei'

early "residence" had been added t(

the expedition's notebooks. Three sep|:

arate phases of occupation were iso

lated, with complete pieces of potter

found lying on the surface of the high

est floor level, exactly as they had beei

left when the inhabitants had fled theii

cave home during an earthquake.

The pottery from this cave site wa

almost entirely Early Bronze I in date

with some probably Late Chalcolithi

sherds at the lowest levels. Hence, one

again, positive evidence of occupatio;

of Jebel er-Rumeide had been foun

for a definite chronological perioc

Still further, the nature of the Earl

Bronze pottery, and its connection wit

Late Chalcolithic sherds and forms, ir

dicates that the transition between th

two periods was chronological, nc

cultural. This information was also c

value in sorting out the intercultuii

flows of the southern sector of Pale

tine in early times, as related to thes

two periods.

SOME eight months before the exp(

dition arrived, on another site a

enterprising homeowner decided, ui

fortunately, to dig a basement. In tli

process, he cut into a tomb cavern

and cleared it out himself. Local runic

suggested that more than five thousan

pieces of pottery, scarabs, metal ol

jects, and other artifacts had bee

found—and sold as antiquities.

On the Ions chance that anolht



tomb chamber had been missed during

the illicit digging, a team of excavators

Kent to work in the excavated chamber.

Hewn out of bedrock, with a central

pillar supporting its roof, the room
appears to have had a long history of

j

use. More than twenty-three burials

1 were represented in the skull fragments

recovered from the dump of the pil-

lagers, as well as a fair quantity of the

I
representative pottery that had been

interred. The illegal excavators had

simply discarded sherds and damaged
pieces, for which there was no market,

leaving the expedition with at least

good evidence of the period involved.

Yet this discouraging situation was not

! without a brighter side. Where one

tomb is found, the probability of oth-

ers exists, and a survey in the house-

holder's tomato fields bore this out.

During the summer of 1965, a smal-

ler expedition was formed to conduct

an "interim season" at Hebron. The
purpose of this expedition was mainly

exploratory, in preparation for the next

full season in 1966. A trench adjacent

to the Islamic house of the 1964 sea-

son was opened in order to secure

further data concerning that structure.

Instead, a Byzantine cemetery was
brought to light, whose full extent will

be followed up next season. Another
trench, near the great Hyksos wall, also

disclosed Byzantine remains cut into

bedrock. A fourth test proved to be an-

other house-cave, reused during the

Hyksos period for burials. Seven bur-

ials were represented, with over 165

complete pottery vessels. Most impor-

tant of all. however, was a "warrior"

burial, complete with a bronze dagger.

A tomb below a recently constructed

house had already been cleared, but in

Tomb chamber, with supporting pillar,

was cut into bedrock; the remains of

the untouched entryway about 50 ves-

sels were recovered, dating from the

early part of the Iron Age. Almost a

mile of magnetometer survey was car-

ried out, to clarify the subsurface out-

lines as a guide to future excavation.

Plans are now under way for ap-

proximately eight seasons of full-scale

excavation at Hebron. Each season will

contribute more data, and eventually

the complete story of the city's history

and culture will be pieced together

from its stratigraphy, its artifacts, and
the analysis of its buried remains. Not
least among the possible answers to be
given is the riddle of the establishment

of the Davidic monarchy and its writ-

ten records, in addition to more light

on the complex cultural flow in

southern Syro-Palestine at the very
dawn of human existence.

24 burials were found, dumped here in

illicit digging by modern householders.

It
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Solitary white flowers bloom only for a day, giving

rise to large fruits whose pulp and seeds are edible.

The African Baobab
By Ian Michael Wright and Oliver Kerfoot

No tree gives so vivid an impression

of the vastness, variety, and mag-

nificence of Africa as does the baobab.

These grotesque and unwieldy trees

have become an integral part of Afri-

can history and legend, and their un-

natural appearance figures prominent-

ly in a number of weird tales.

The baobab, Adansonia digitata, is

a member of the family Bombacaceae,

which includes balsa, the kapok tree,

and several other species of economic

value, many of which have similarly

thick trunks. It is named after Michel

Adanson, a French philosopher-ex-

plorer-naturalist, who wrote from Sen-

egal in 1754: "I perceived a tree of

prodigious thickness which drew my
whole attention ... I do not believe the

like was ever seen in any part of the

world." Baobabs have numerous local

50

names, among them the Ethiopian

sour gourd tree, cream-of-tartar tree

(its fruit has a slightly acid taste),

monkey bread tree, tebeldi (Arabic)

,

and mbuyu (Swahili).

Although baobabs are not excep-

tionally tall, their trunks are often

enormous. One in Tanzania has a cir-

cumference greater than 130 feet.

Their smooth, heavily folded bark is

pinkish gray or coppery in color, and

at a distance resembles the wrinkled

skin of an elephant. At the top of the

trunk there is often a natural basin that

fills with water during the rainy sea-

son. These elevated reservoirs support

large populations of malarial mosqui-

toes and also provide a ready source of

water for thirsty travelers. During the

era of slave trading, baobabs marked

important campsites for travelers who

had to cross the waterless terrai

In East Africa the baobab's fir

green leaves normally appear durir

October, and with them beautiful wlii

blossoms, solitary and pendulous, wi

dozens of delicate filaments surroun

ed by five waxy petals. These have i

scent, but when bruised they emit ;

objectionable odor, vaguely resei

bling putrefying meat, that is attra

tive to carrion flies. The gourdlil

fruit, known as monkey bread, m
appear as early as December and c;

be seen as late as August. It consists

a large, woody capsule with a ha

shell up to twelve inches long, contai

ing a mucilaginous pulp in which t,

seeds are buried. Young trees yie

some fruit after eight or ten years, b;

produce abundantly only after thirl

The distribution of the baobab

irregular. Essentially a native of tro

ical Africa, it is found as far north
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sometimes serves as a substitute for

quinine. In fact, although the baobab

does not appear in any of the modern

pharmacopoeiae its medicinal quali-

ties were once so famous that the

Sudan exported the various compo-

nents to Europe.

Baobabs have numerous domestic

uses as well. A red dye is extracted

from the roots, and its seeds make

good fertilizer and fuel when finely

ground. Ash from the burned seeds is

used to make both native soap and

plaster for the walls of huts. The hard

shell of the fruit can be made into a

receptacle for carrying liquids or snuff

and, pulverized, is an essential ingredi-

ent of snuff itself. When the fruit pulp

is burned, it emits clouds of irritating

smoke that act as a fumigant to keep

cattle free from biting insects. Finally,

Africans can even extract a strong glue

from the accumulated pollen grains of

the tree's flowers.

said to be the roof of the world. Some
of these tribes believe that there are

no young baobabs, but that the huge

adults simply appear full grown. This

myth is not so unreasonable as it may
seem, for the young plants are stately

and slim by comparison with their bul-

bous elders—although, of course, they

have the same foliage characteristics.

There is a Bushman legend that

when the first spirit granted trees to

the members of an early race, he gave

everyone something to plant. But when

the lowly hyena, the force of evil, ar-

rived, there was only one tree left. The

hyena upbraided him, saying "Are you

surprised I behave so badly when you

treat me differently from other ore

tures?" The spirit gave him the lal

plant, a baobab, and out of spite tr

hyena planted it upside down. Indee

its contorted branches do look lil

roots; David Livingstone, in a ra

touch of humor in his otherwise sei

ous journals, described a baobi

somewhat unkindly as "a carr

planted upside down." As is often tU

case with tribal legends, there is

grain of reason behind this upsidi

downism, for the roots of these tre'

spread out laterally for a hundn'i

yards or so just below the surface, e /

abling them to tap sources of moistu {

otherwise unavailable.

The tree's greatest value, however,

lies in its bark. In the Cameroons,

it is used for tanning. Waterproof hats

and drinking cups, as well as beer

strainers, those indispensable domestic

utensils, are made from the fiber of the

inner bark. It is also used in ropes and

in strings for musical instruments, and

can be woven into a bark cloth for

clothing. At one time it was exported

to England for the manufacture of

strong packing paper.

Fortunately, the vitality of these

trees is amazing, and somehow they

survive the repeated stripping of their

bark. They seem to have the cork tree's

power of regeneration. Even when

their interiors have been burned out,

they still flourish. Enormous popula-

tions of wild bees frequently inhabit

such hollow trees, and natives use them

widely for the suspension of beehives.

Some tribes are known to carve

homes out of the boles of living trees.

In one town a waiting room at a bus

stop is a hollow baobab that can ac-

commodate thirty people with ease. In

still another town, a baobab houses a

bar containing both counter and

stools. In the Sudan, baobabs are used

as water cisterns, for as there is little

evaporation the water remains sweet

and clear throughout the dry season.

The trees also make good drying cham-

bers in which suspended bodies can be

conveniently mummified.

In central Africa, some tribes be-

lieve that Resa, the Rain Lord, lives

high in the sky in a baobab that was
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The life-span of baobabs is un-

known, for their wood shows no an-

lual growth rings, but modern botani-

al research rejects any theories of

t/ast age. Nevertheless, the trees are so

nuch a part of this strange continent

hat they seem inevitable and inde-

tructible. Unfortunately, each tree's

iltimate fate is oblivion. There is no

najestic crashing down of a forest

iant to remain in slow, still-vitalized

lecay on earth. There is only a crum-

bing subsidence, which in time forms

soft mound of bleached, powdery

ragments that will be scattered by the

/inds and devoured by termites until

othing of the tree remains.

:^
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Trunks of heavily folded bark are

enormous, often 30 feet in diameter.

1

Basin at top of the trunk often fills

with water and acts as a reservoir.
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ANIMALS FROM
THE ROUGH
Stones are carved and polished

in an Old World tradition

photographs by LEE BOLTIN

The search for, and discovery of,

an animal form within rough and

variously shaped blocks of precious

and semiprecious stones is the artis-

1

tic odyssey of West German sculptor

and engraver George O. Wild. Born
|

in Idar-Oberstein, the famous gem-

polishing center of Europe, he con-

tinues a family tradition in a craft

that dates back at least to the work'

of his great-grandfather, an artisan in

czarist Russia late in the eighteenth

century.

The color, shape, and texture of

a rough stone—as well, of course, as

its availability—are central consid-

erations of Mr. Wild's art. He travels

throughout Germany, and on one
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occasion visited India, to collect

stones that might be suitable to his

work. Nor is collection always a

simple matter. While working on his

"Birds of America" series in De-
cember, 1956—which was shown at

the Academy of Natural Sciences of

Philadelphia and at F. J. Cooper,

Inc., Philadelphia jewelers, in 1963
—Mr. Wild needed jasper for several

contemplated bird figures. He finally

located deposits in the western region

of Germany, but the ground was
frozen, and he was forced to wait

until spring. Even then he had to

open the pits and mine the jasper

himself since it was no longer mined
or marketed in Germany.

The owl, as well as the base on which it

rests, is made of a silica known as jasper.

uneven translucency of agate is used to

ticidar advantage in the moose, left.

The ferocity of the black obsidian boar
is emphasized by gleaming chalcedony tusks.



Carved out of jasper, llie sandpiper has

onyx eyes. Legs are oxidized sterling silver. Impurities are often found in jasper and

here serve to show the frog's skin markings.
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The process by which Mr. Wild de-

cides what to do with a piece of stone

is best left to his own description:

"I am now [1963] working on an

owl of aragonite. I had the stone in

my yard for two years and it never

spoke to me. The other day it cried

out 'owl, owl, owl,' and I believe that

the animal will turn out well. Why
a stone is mute for years and then

speaks is beyond me. Some stones,

however, induce me to work on them
immediately. Others have different

vagaries. A week ago I saw an agate

that, so I thought, would lend itself

for a large pike. When I finished

roughing it, it turned into a whale."

These fish, two individual carvings, were
fashioned from delicately banded agate.

Green verdite quetzals, left, with wings and
beaks of jasper, perch on quartz geode.

Carved from a decorative lapis lazuli,

the snail seems to be inching its way along.



Overseas
Nature Tours
-1966-

For six years we have been orRanizins group

trips to investigate the natural history of Europe,

Africa and the rest of the world. Chief purpose

so far has been to see birds, including as many
rare and difficult species as possible. However,

a full ecological picture is sought, with attention

to botany, geology and archaeology where appro-

priate. Here is the program for labb:

- EUROPE -
NORTH WITH SPRING ON THE CONTINENT;

Start in southern France and move north with

bird nesting and spring flowers in Switzerland,

Austria. Germany and Holland. April 23; tour

^^''brStAIN: Nature highlights of England, Wales

and Scotland at peak of bird nesting season. May
22; three weeks.

. . i .i, v„,
SCANDINAVIA: Thrilling circuit of the lar

North; Norway's mountains, fjords and islands;

North Cape and the midnight sun; Lapland and

Sweden. Two 1966 departures-June 11 and June

25. Four weeks. .

ICELAND' Arctic wildflowers, northern nesting

birds and seabird cliffs, against a weird back-

ground of volcanoes, geysers and waterfalls. Two
departures-June 11 and luly 2. Optional excur-

sion to Greenland after each tour.

- AFRICA -
BIRDS OF AFRICA: Cu-cuit of west, south and

east Africa. Emphasis on birds ( 670 species on

last tour) and spectacular mammals. Ex-Belgian

Congo, Cape of Good Hope, kruger Park, Vic-

toria Falls; choice nature spots of the less

crowded, less promoted parts of the continent,

plus all the important animal reserves of Kenya,

Uganda and Tanzania. July 30; four weeks plus

optional extra time in East Africa.

-SOUTH AMERICA

-

COLOMBIA, ECUADOR & PERU: Tropical coast,

high Andes, upper Amazon Valley, Machu Pic-

chu. and an ocean trip into the Humboldt Cur-

rent, Sept. 24; three weeks.
CHILE & ARGENTINA: The southern Andes,

Straits of Magellan, Ticrra del Fuego as far as

Ushuaia, Patagonia, Barilocbe and the Argentine

lake district. October 15; 3 weeks.
BRAZIL: Broad coverage of one of the great

bird countries of the world. Iguazu Falls Mt.

ItaUaia Organ Mtns., Rio, Mato Grosso and the

Amazon from Manaus to the sea. Nov. 5; 3 weeks.

GUIANAS & VENEZUELA: Jungle trips m Suri-

nam & British Guiana, Angel Falls in Venezuela,

coastal mtns. of Colombia. Nov. 26; 3 weeks.

-COMING LATER -
EUROPE: "Birds of the Mediterranean": high-

lights of Southern European birdUfe from Gibral-

tar to Istanbul. "Birds Behind the Curtain :

little-visited regions of Poland, Czechoslovakia,

Hungary. Bulgaria, Rumania and Russia.

SOUTH PACIFIC: Four consecutive 3-week tours

in fall of 1967; Birds of Melanesia; Western Aus-

traUa; East & South Australia; New Zealand.

ASIA- Four consecutive 3-week tours in spring

of 1968: India & Nepal; Southeast Asia; Philip-

pines, Hongkong & Formosa; Japan.

-NORTH AMERICA TOURS

-

TEXAS-MEXICO: Bird highlights of Texas coast

and N.E. Mexico; 2 weeks. Mar. 26, 1966; also

ARIZONA: Richest part of U.S. for rare bird

species; 2 weeks. Two 1966 departures from
Tucson: May 7 and May 21.

FLORIDA: Two-week circuit of chief bird local-

ities of the state, from Tallahassee to Key West
and the Dry Tortugas. Jan. 21, 1967.

SIERRAS & COAST RANGES: North with spring

from Calif. Condor country to Vancouver; 3

weeks. June, 1967. Similar Rockies tour in 1968.

ALASKA: Grand tour of nature spectaculars

of tile state, including Arctic coast, the Aleu ians

and the Pribilofs. July 1967; 2-wk. and 4-wk.
versions.
NEWFOUNDLAND-LABRADOR: Bird islands of

the northeast; Newfoundland and Labrador coast.

March 1967 and 1968.
YUCATAN: Chiapas, Mexican Yucatan, British

Honduras, Peten Jungle of Guatemala. 3 wks.;

1967.
MEXICO: Five regional two-week tours cover-

ing five different ecological areas.

Come along! . . . Intimate, private groups, expert

leadership. We seek out bacl(-country routes, try

for an experience-in-deptli of the natural scene and

the people. (Not recommended if you're strong for

night lite.)

Crowder Nature Tours
Box 1760-a Washington, D.C. 20013

About the Authors
Dr. Joan Mencher, author of "Nam-

boodiri Brahmans of Kerala," is pres-

ently a Research Associate in Anthro-

pology at Columbia University. She has

worked mainly in Kerala and Madras,

the two southernmost states in India.

Her study of the Nayars and the Nam-

boodiris extended from 1958 to 1962,

and involved 26 months of field work.

Her contributions to scholarly journals

have emphasized the role of social struc-

ture in the changing Indian scene.

The author of the article on rhesus

monkeys. Dr. John G. Vandenbergh,

has been a Research Scientist with the

North Carolina Department of Mental

Health since September, 1965. Before

then, he worked at the National Institute

of Neurological Diseases and Blindness

in Puerto Rico. It was on the islands off

La Parguera in Puerto Rico that Dr.

Vandenbergh first studied free-ranging

colonies of rhesus monkeys.

"The Man-o'-War Bird" was written

by Dr. Bryan Nelson, who is a Re-

search Fellow in zoology at Aberdeen

University in Scotland. A past visitor to

the Galapagos Islands, Dr. Nelson will

shortly embark on an ornithological re-

search trip to Christmas Island. He is

especially interested in the behavior and

ecology of boobies and gannets and of

sea birds in general.

Dr. Charles L. Hogue, coauthor of

"Hideaway for Moths," has been Curator

of Entomology at the Los Angeles

County Museum of Natural History since

1962. He works particularly on the bi-

ology and taxonomy of moths and primi-

tive flies. His collaborator, Richard

Casebeer, is a candidate for a doctoral

degree in the biological sciences from

the University of Southern California.

He now acts as a consultant to the Bio-

logical Sciences Curriculum Study.

Dh. Philip C. Hammond, a noted

Near Eastern archeologist, is Assistant

Professor in Old Testament at Princeton

Theological Seminary. His article "An-

cient Hebron, the City of David" is

based on the findings of the American

Expedition to Hebron, which he heads.

Dr. Hammond is a frequent contributor

to religious and archeological journals.

Ian Michael Wright, currently Pro-

gram Officer of the African-American

Institute in Washington, has worked

and traveled in Europe. Japan, the Mid-

dle East, and Africa. He confesses to

having been intrigued with baobab trees

since childhood, when he read about

them in Antoine de Saint Exupery's tale

The Little Prince. His coauthor, Oliver

Kerkoot, now Research Silviculturist at

the East African Agricultural and For-

estry Research Organization in Kenya,

has for many years been a student of

plant ecology and the migration and

distribution of the African flora.

ANTIQUITY GIFTS..
with a ''Sense of History** from

alabdin taoase. Ltd*
520 Fifth Avenue, New Yorlc, N. Y, 1003«

ANCIENT EGYPTIAN OIL LAMPi
over 1500 Ytars Old

Ancient Egyptian oil lamps dating from the 3i

4th Century A.D. These select specimens fa;

ioned with various designs make unique archat

logical display pieces for home and ofifice. Lar

on walnut base with parchment certificate

authenticity $12.

Vi BILLION YEAR OLD.
Trilobites (extinct sea fossils). Dt
cately sculptured with gemlike ri<

ness, the trilobites blend with sil'

forming prehistoric Jewel
Creations

!

I
CLEOPATRA AGE iEy\IElRY

Ancient lig\ptian faience beads <3rd Cent. B

4th Cent. AD., CLtOPATRA AGE), from

cavated caches. Enlombed lor cenlimes, t.l

exotic. Lolorjnl beads in concert form a neck I

treasure: a lastejiil complement to casual t

formal attire.

'>4 inch Necklace of ancient beads |1 ?

Sterling Silver drop bead earniigs S '

Complete Set: Necklace & Earrings SI'

FREE: Elegant display case for Necklace:

v

Earrings.

1/4 BILLION YEARS OLD . . .

animal fossil (blastoid) frctiuently

called "Sea Bud," actually lived over

210 million years ago. Nature's de-

sign, five vents surround center giving

the blastoid a futuristic look. Now,
this fantastic fossil has been
crafted with sterling silver, creat-

ing unique jewelry . . . while re-

maining an alluring scientific

curio ! Cite as inlrigiiiiig gift from
"The IJauit of Lite on Earth"!

PENDANT CHARM EARRINGS
S6.95 54.95 S9.95

EREEGift Gatalo'

lllustraling: Crosses, Buddhas, Amuli

Bronze Weapons, Lamps, Scarabs, Jewel

Figurines, Mosks, Roman Glass, Poltery, Coi

Shawabtis, Coptic Textile & more! Co//ecli

Sfudenfs, Gift Givers & /he inlelleclually curie

will en/oy 'his s(imu/ating reference bo

Write for your free copy today!

ALADDIN HOUSE, LTD,
Dept. N-5D. • 520 5th Ave, • N.Y., N.Y. 10'
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mUREIAND THE MICROSCOPE

'Mounting diatom slides
IBy Julian D. Corrington

)IAT0MS are unicellular, microscopic

plants occurring, singly or in colo-

es, in immense numbers in both salt

.d fresh water over all the earth. They
e, and long have been, of great interest

students of the microworld and to

Hectors, hobbyists, and mounters of

icroscope slides.

The cells are enclosed in a "glass

use" of silica known as a frustule. The
ustule is composed of two parts called

Ives, one of which, slightly larger,

erlaps the other.

Silicon dioxide, or silica, is found in

St amounts in crystalline form as

lartz. Quartz makes up the bulk of the

)rld"s sand and is the chief ingredient

commercial glass. Certain organisms

iliatoms, radiolaria, the glass sponges,

d a few others—extract silica from

ice solutions in water.

Where does one search for diatoms

d how are they collected? Many spe-

s are bottom dwellers, covering the

id. rocks, pilings, larger algae, corals,

i shells. These, and also the stems of

! ratio plants, may be scraped gently,

1 the scrapings placed in a vessel of

ter. Other species occur as a principal

Ti of plankton, both fresh water and
ifrine, and these can be collected in a

|{
nkton net of fine bolting silk towed

^wly behind a motorboat and kept at,

just below, the surface.

I'^ossil forms comprise diatomaceous
i\ th. or kieselguhr. Great deposits of

c tomaceous earth are found in many
[ ts of the world, notably in Hungary,
f >sia. Japan, and New Zealand and,

ii he United States, in California, Mary-
I. d, and Virginia. One investigator

E sulated that the silica shells of as

n ny as forty million diatoms were com-
[I ssed into a single cubic inch of this

ejth. One bed. in Lompoc, California,
'! ers 12 square miles and is estimated
Uie up to 3.000 feet deep.

J

ach year industry uses a quarter mil-

li; tons of diatomaceous earth as mild
i asives. absorbents, filters, insulators,

J aggregates. Its value depends on
iOral inherent properties. Silica is

l-nigh indestructible chemically; only

rofluoric among the many acids will

itck it. Diatomaceous earth is highly
p|)us and absorbent. The minute shells

1^1 as a very fine abrasive and also, like

'Is, as a non-conductor.

jhere are other uses for diatoms that
:c,:ern species still living. They can
i^ e to demonstrate the quality of micro-
be e objectives of the higher powers and
'1 resolution, for they provide a speci-

men that has a repeated pattern of ex-

ceedingly fine markings, which can be

used as a test object for demonstrating

resolving power. Certain species of dia-

toms have long been favored for this

technical purpose. They have rows of

dots of such unbelievably small dimen-

sions and so closely spaced that under
ordinary magnification the dots run to-

gether and appear as a fine line or

groove. It requires a carefully manu-
factured and highly corrected oil-im-

mersion objective with a high-numerical

aperture, properly used and illuminated,

to resolve these dots, and so such dia-

toms are known as test objects.

Of greatest fundamental importance,

however, is the role played by diatoms

in food cycles of the animal world. A
high percentage of the plankton in both

fresh and salt waters is made up of dia-

toms. With this plankton begins the food

chain that supports the fish and mam-
mals of the sea.

These are all reasons why we should

study diatoms. There remains another

and entirely different aspect of this sub-

ject: amateur microscopists have, in the

past — especially in Great Britain — be-

come so fascinated with the collecting,

cleaning, mounting, and arranging of

specimens as to have earned the sobri-

quet of "diatomaniacs." This is a hobby
that provides an educational, satisfying,

and rewarding outlet. The arranging of

diatoms in pattern slides is the finest

example of the mounter's art and re-

quires experience, skill, and patience.

Preparing Living Diatoms

I iviNG diatoms may be killed, fixed,

I stained, and mounted—as you might
handle other algae.

The material as collected will be

mixed with mud, sand, plant debris, and
other unwanted substances, so that clean-

ing is the first step. In the field, the col-

lections are placed in a jar of the water

in which they occurred. When you are

back at your work place, strain this ma-
terial through coarse muslin to remove
the larger particles. Then put this

mixture (the filtrate) into a jar of clean

water. Decant most of the water to carry

off the fine debris. Next, in a darkened
area, place the jar under a faucet with a

very gently running stream to flush for

at least 12 hours. The stream must be
so gentle that the larger diatoms are not

carried off in the effluent. (Of course, the

use of faucet water is likely to intro-

duce diatoms that are not found in the

area your sample came from, but the

See

into the

next county

and still stay put

for only $n95

High performance ten-power telescope

Think of all the Interesting things

you could see if you only had 10
times normal vision! You have-with
the Balscope Ten for only $9.95! With
Its high-quality ten-power, 6-lens
system, easy eyepiece focusing,

9-ounce weight and 10%" length, It

can go anywhere you go. ..or let you
climb mountains from your porch!

Accessory belt holster available at

98*. At sports, optical and photo
stores. Made only at Bausch & Lomb,
Rochester, New York 14602.

BALSCOPE TEN
by BAUSCH S. LOMB^
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Share the Thrills

01 Expiorins

outer Space
All DYNASCOPES, includine this

superb RV-6, 6-inch available

on easy terms!

Now It's easy to join the thousands of serious

amateurs.who have discovered the excitement

of exploring our mysterious universe. Your en-

joyment begins right from the start, yet the

challenges and rewards go on for years! And

it's a hobby that can be shared at modest cost.

Choose from a Full Range Of
DYNASCOPES® 4" Starting at $49.95

Picking a telescope to fit your needs and your

pocketbook is simple when you select a

DYNASCOPE — the same instruments used by

more than 150 schools, colleges and observ-

atories. Prices begin as low as $49.95, and

your satisfaction is guaranteed by a full-

refund warranty.

FASCINATING GUIDE
YOURS FREE!

Read these valuable facts be-

fore buying any telescope. Mail

coupon or postcard for your

complimentary copy of this

helpful guide.

Criterion Manufacturing Co.

331 Church St., Hartford 1, Conn.

® TM Registered U.S. Pat. Office

! CRITERION MANUFACTUfllNG CO.

j Dept. NH-65, 331 Church St., Hartford 1, Conn.

I Please send your free Telescope Guide.

I name
I

I Address-

' City _State_

LIMITED RELEASE-U.S. GOVT. SURPLUS

SNIPERSCOPE

INFRARED SETms,
for scientists, gun collectors, naturalists

Built in 1950 and 1951 by American Optical Co. In

excellent working condition. Used by our troops for

observing enemy in total darkness without being
detected. Suggested uses: medical research, study of

nocturnal animal life, mineralogy, industrial and med-

ical research, crime detection. Rare item for gun col-

lectors. Telescope is 16%" long; clear aperture of lens

is 50.4mm. A 5"-diameter filter is attaclied. Knob
adjusts focus electrostatically; second knob adjusts

reticle intensity. Reticle also has vertical and hori-

zontal adjustments. Canvas carrying case and shoulder

strap included. Complete unit includes 11" x 14" x 16"

chest, telescope with RCA 6032 image tube, 20,000V

power pack with canvas carrying case and shoulder

straps, IR light source, steel carbine bracket, pistol-

grip handle with switch control. Formerly highly classi-

fied. Limited supply. Orig. Govt, cost, $800. Shipping

wt., approx. 30 lbs. Price $249.50

SNIPERSCOPE BATTERY
Rechargeable 6V power source
for sniperscope. Excellent for

many other 6V applications.

Approx. shipping wt., 15 lbs.

$9.95. Two for $18.00

Prices F.O.B. Tucson, Ariz. No C.O.D.'s, please.

C & H SALES CO.
P.O. Box 1572, Tucson, Ariz.
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purpose of this article is to get an

amateur diatomist started, and not to in-

struct him in scientific laboratory pro-

cedure.) Finally, the water in the jar

should appear perfectly clear of debris,

with a fine sediment, mostly of diatoms,

on the bottom. Stand the jar in daylight

for 6 hours, whereupon the living dia-

toms will gather on top of the sediment

as they migrate toward the light.

Locality stretv shoivs diatoms at random.

Remove some with a pipette and trans-

fer them to a vial of chromacetic acid for

fixing: chromic acid, 1 gm.; glacial ace-

tic acid, 3 CO.; and water, 100 cc. Use at

least 100 cc. of this mixture and fix for

24-48 hours, then wash with a very gently

running stream of water, as before, for

24 hours. Use faucet water with diatoms

collected from fresh water. If you have

the necessary equipment and facilities,

use sea water for marine specimens, both

in making up the chromacetic acid and

for the cleaning and washing proced-

ures; if this is not possible, it would be

better to use only fresh-water diatoms.

Stain with hematoxylin or, if pre-

ferred, any of the familiar aniline dyes.

Dehydrate with two changes of dioxan,

and mount in balsam or one of the syn-

tlietic neutral resins. Because air may be

trapped inside the valves, it is best to use

a dilute mountant, which is then grad-

ually concentrated through evaporation

of the solvent. Dissolve the mounting me-

dium in dioxan if that method of dehy-

dration is used, or in xylene if the alcohol

series is employed. Use an excess of

mountant, since it is to be concentrated,

and cover the slide with an inverted

finger bowl to exclude dust.

Diatoms prepared in this manner take

their place in the slide collections along

with numerous other unicellular algae,

chiefly of interest to the botanist.

Preparation of Diatom-shell Slides

ANOTHER procedure dispenses with the

^
living material altogether and pre-

sents only the empty shells.

The collected diatoms are given the

preliminary washing already described,

the final rinsing best performed in a

test tube. If the remainder of the work

is to be done at some future time, decant

the bulk of the last rinsing water care-

fully in order to leave the sediment ol

diatoms in the bottom of the tube; then

add 5 per cent formalin to kill and pre^

serve the specimens.

When ready to proceed, wash out the

formalin, decant the last of the rinsing

water, and add strong hydrochloric acic

to about one-fourth the depth of the tubi

and boil gently over a low flame. If ef

fervescence occurs, keep adding mon
acid, slowly boiling ic away until ni

further effervescence is noted. Wasl

thoroughly in several changes of filterec

water by filling the tube, allowing th

diatoms to settle, then decanting care

fully. Next boil in nitric acid, wash witl

several changes of filtered water, ani

finally boil in fresh sulphuric acid. Whili

still hot, pour into an open vessel, sucl

as a porcelain evaporating dish, and ad(

a few small crystals of potassium chlo

rate. This will produce a violent effe:

vescence and must be done slowly am
cautiously. Continue adding chlorate un

til the effervescing ceases, then wash ii

several changes of filtered water. Not

the cleaning procedure is finished.

The hydrochloric acid kills the plants

if this has not been done before, and r«

moves any calcium salts that are likell

to be present. The other acids removi

organic matter, and the potassium chl(

rate bleaches. None of these stron

chemicals attacks silica.

CAUTION
The strong chemicals called for in thi

article are dangerous unless they are use

carefully. Take the same precautions exe

cised in a school chemistry laboratory

If chemicals are spilled on the bod;

wash the area with copious amounts <

water and then see a physician.

If they get into the eyes, irrigate tl

eyes constantly with lukewarm water f(

at least half an hour, and call a physicia:

Have handy a rubber tube that can 1

fitted to a mixing-type water faucet in cai

such emergency irrigation is necessary.

These treatments must be done ou

doors or under a chemical hood. If tl

home fireplace has a good draft, it ma

be substituted for the hood. The variot

boilings in strong acids must be unde

taken in small amounts and with gre,

caution; avoid inhaling the fumes (

spilling any of the acids on the hands (

clothing. Use rubber or plastic glovi

to protect the hands. Manipulate the te

tube with a test tube holder, or clam

and see to it that any fumes are carri(

away from you by the draft. Use i

alcohol lamp or a Bunsen burner (ga;

turned very low and pass the base

the tube through the flame tip, back ai

forth, to bring on the boiling gradual!

Never boil so vigorously that any of t

mixture escapes from the tube.

Store the diatom valves in distill

water, adding peroxide, formalin, or ah

hoi to prevent bacterial or other grow



;ach storage tube should be carefully

fully labeled. Let us say a par-

lar collection was obtained from

mley's Pond, Poddawodammee, Pa.,

il 15, 1966. It is hence fresh water

Recent (the present geological

iod), abbreviated FR. (A convenient

em classifies all your diatoms on

as as fresh water, brackish, or marine

as fossil or Recent — thus six sets of

e initials cover these classifications:

FR. BF, BR, MF, and MR.) All

rmation may be put on the label, or

may number each tube serially, the

ibers referring to a card index record

re the details appear.

'hen you're ready to mount the dia-

valves, wash out the preservative

add distilled water; agitate the tube

)ring the diatoms into suspension,

pipette one drop onto a slide. Ex-

16 under the microscope to observe

concentration of the valves. There

dd be many present but not so many
3 form clusters; they should be well

ad to permit study of individuals. To
in a heavier concentration, if neces-

, add another drop or two of the

ended diatoms to the slide. If the

centration is too heavy, add more dis-

ii water to the tube. Now breathe on

proughly cleaned cover glass and im-

iately add one drop of this adjusted

ension, which should spread into

n film. Invert a glass vessel over this

r to protect it from the dust while

Ing. Since the least trace of moisture

spoil the slide, it is more profes-

il to dry the prepared cover glass

hot plate.

hen it is absolutely dry, put a drop

ountant in the center of a clean slide,

the cover glass, diatom side down,
the mountant, one edge of the cover

hing the slide, and let the cover

gently onto the mountant.

apped air within the diatoms is a

tious problem in mounting them on

s, but heat will usually remedy the

ole. If air appears in a finished and
1 slide, place it on the hot plate for

ile. This will melt the mountant and
1 the air. whereupon the slide is

ved to cool and again solidify,

le slide just described is called a

ity strew because it is a random
)le from one area.

Making a Species Strew

species strew, all of the valves are

a single species. They may all have
obtained from the same locality or

various places. This procedure in-

3 ices the more exacting technique of

) ting single diatoms and requires the

opment of skill and precision.

aette a number of valves from your
i ed material onto a slide in a large

<j
of water and examine uncovered

I' r the microscope. As you locate and
° ify a particular species, such as

Siirirella gemma, remove it to a tube

of distilled water marked for that spe-

cies. This is done for as many different

kinds as you encounter, and before long

you will have dozens of vials that are

separations for each of many forms.

From one of these you may then make a

species strew, as you would have made a

locality strew. No attempt at any ar-

rangement of the valves is made, as the

term "strew" indicates.

Species strew has diatoms of one species.

How does one pick up and transfer a

single tiny diatom? It can be done under

a hand lens or low-power microscope

(stereo perferred). While there are in-

struments for picking up one at a time,

a moistened, fine-pointed brush (no. 00)

of badger or camel's hair, or a single

badger hair from a shaving brush or

water-color artist's brush, may be used.

Older diatomists prided themselves on
the possession of, and expertise in the

use of, a tiger whisker, grasped by the

fingers alone, or mounted on a dowel or

needle holder with shellac, sealing wax,

or household cement, but one of the

larger whiskers (vibrissae) from a

household cat will serve (better get one

from a laboratory specimen, not from a

living animal). A diatom will adhere to

the moistened brush or whisker tip and
may be moved from place to place. An-
other method that serves well in trans-

ferring specimens in water is to use a

micropipette. Glass tubing of the diam-

eter of the ordinary medicine dropper

type of pipette is drawn out over a flame

to a very fine diameter, cut to the desired

length, and equipped with a rubber bulb.

As sources of knowledge of diatom

taxonomy, there are atlases with beauti-

ful plates and books on diatoms avail-

able in libraries. Also, type slides are

obtainable from supply houses. In these,

several diatom species are arranged in

one or more rows, and the slide is accom-
panied by a typed list of their names.
Type slides are available with 10 species,

or 20. 30. 50—even as many as 100. You
can also buy such a slide with the name
of each diatom appearing in print be-

neath the specimen. Genus type slides

are similar, but present several different

species from the same genus.

B&L Hastings Magnifier
. . . standard for scientific study

Out in the field or worl^ing inside, if you're interested

in natural history the standard tool for wide-view, color

corrected magnification is the famous B&L Hastings.

Pocket-size, available in 7x to 20x, these magnifiers are

the ultimate in quality for all types of general scientific

examination. lOx Hastings, $12.00. Order direct or asl<

your dealer. Send for free complete magnifier booklet.

Bausch & Lomb, Rochester, New York 14602.

BAUSCH & LOMB (^

All-time favorite
for excellent reasons

Swift's 7X,35 Triton gives you all the

power and brilliance of image you
need for nature study . . . plus a

good, wide field of view that makes it

easy to scan an area and follow small,

fast-moving wildlife. Close focusing
(infinity to 9 feet) lets you test your

skill at stalking, see nesting activ-

ities, etc. as if you were little more
than a foot away. Write for literature,

or see your Swift dealer.

SWIFT INSTRUMENTS, INC.
Dept. NH-5

Boston, Mass. 02125 — San Jose, Catif. 95106
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The simplest of those slides in which

the diatoms are accurately positioned

are called circle slides. Here is the way to

make them:

The first step is to locate the exact

center of a blank slide. To do this, place

the slide on a 3 by 5 index card and rule

around its outline in ink. Now connect

opposite corners of this rectangle on the

card with ruled lines; the point at which

these diagonals cross marks the center.

When a slide is positioned over this card,

the inked lines show through the glass,

marking the center.

Now select a round cover glass of any

size you prefer. On it rule ink lines that

cross at right angles along two diam-

eters, to mark the center of the circle.

Position a blank slide over the centering

card and the prepared cover glass over

the slide, with the centers of each coin-

ciding, then rule around the cover with

a fine pen. You now have a slide with a

central ruled circle, which will serve as

a positioning device when the slide

finally is covered. (After the slide is

finished, this circle is washed off.)

Now it is time to mark smaller, con-

centric circles within the guide circle

and on the other side of the slide (the

side on which the diatoms will later be

mounted). To do this you need a small

turntable, available from commercial

dealers. Position the slide accurately on

the center of this table, mounting side

up. Dip a fine-tipped brush into gold size,

asphaltum varnish, or any of the newer

lacquers; rest the heel of the brush hand

on the stationary portion of the turn-

table device; give the wheel a spin; lower

the brush to make contact with the slide;

and thus turn a ring of any diameter you

desire. Build up the ring a bit by re-

peated applications. Also, you may want

to make rings of several different diam-

eters (some quite small) on one slide,

to identify the positions of various dia-

toins more easily when viewing them

through the microscope.

The slide's upper surface, on which

you have marked the concentric rings,

is now coated with any of several media

into which the diatoms are to be trans-

ferred. Gum tragacanth is one of the

older substances employed. Breathe on

it to moisten slightly, pick up the diatom

with the whisker, place it where de-

sired, whereupon the gum sets and liolds

it in the chosen position. While the gum
is moist, the diatom may be poked with

a hair to the exact spot wanted. Bellido's

acetic gelatin is easier to use than gum
tragacanth, and less messy; make it of

equal parts of liquid gelatin and 50 per

cent acetic acid. Another formula is clove

oil, 2 parts, and acetone-soluble celloi-

din, 3 parts, spread as thinly as possible.

When all valves have been affixed (use

about 50 per slide in your first attempts)

,

dry the slide completely, using a hot

Exhibition slide takes skill and practii

plate, then add balsam and a cover gla

Many workers prefer to make th'

mounts on the cover instead of the slii

using the same methods. When ah

lutely dry, invert the cover, diatom si

down, upon a drop of mountant in I

center of a slide. If you use this meth'

the concentric circles must be spun

the cover glass (the side on which I

diatoms will lie I instead of on the sli

Making Exhibition Slides

EXHIBITION slides are the finest a

most beautiful examples of

mounter's art. They are made in the sal

manner as circle slides, but the diatd

When we introduced
this camera, it was

nearly perfect. Now read

what we've done in

the 30 years since.

The first Bolex H-16 16mm camera appeared in 1936. It wa|

the most advanced camera of its day. It had such profesll

sional features as automatic threading, film rewind, vari

able speeds, single-frame exposure and a three-lens turre

Although it was extremely popular, we decided the Bole

had an even greater potential. So in the early forties, w
added a super-accurate frame counter. Later we include

the Registrator Claw to make Bolex films the steadiest i

the world. And full reflex focusing and viewing. A variabl

shutter so you could fade, dissolve, and have greater cor

trol over exposure. And a filter slot so you could use on

filter to accommodate every lens on your turret.

Today's Rex-4 has an improved reflex viewfinder, givir

a full lOX magnified image. And a single-frame shaft ft

synchronization with audio equipment. The Rex-4 accep

a number of electric motors for shooting long sequence

And a complete range of lenses from IQmm wide ang

through extreme telephoto, including macro and zoo:

lenses. Add the Vario-Switar 86EE zoom and the Rex

becomes the world's only professional camera with fuL

automatic exposure control-with today's Rex-4 syster

you can do virtually anything!

Most of those original 1936 Bolex cameras are still in us

That's how rugged our cameras are. Try our "improvec

model-it may have taken us 30 years to do *X'(-'ii^^^i^:

it, but we think we've got the perfect cam-

era at last. A copy of the Rex catalog will

tell you all. Write Paillard Incorporated,

1900 Lower Road, Linden, New Jersey

07036.
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Dr. Corrington, who is well known
in the field of microscopy, is a re-

tired Professor of Zoology from the

University of Miami in Florida.

e accurately positioned to present a

;ometricaI pattern— a star, rosette,

heel, or other design. Examine texts

id catalogues to see illustrations of

me of these. Commercial slides are of-

red with 25, 50, 100, and sometimes

ore diatoms. In this case the diatoms

a not all different, but certain types

e repeated according to the pattern

.osen, such as round species for axes

id elongate ones for radii. Draw lines

; paper to guide you in placement of

e diatoms, and put the slide over the

iper as you mount the specimens in

me geometric form.

Fossil species should not be neglected

• the embryo diatomist. Start by ob-

ining a lump of diatomaceous earth by

Id work or by trading or purchase,

eak it up into pea-sized pieces with an

e pick, but do not pulverize.

Place a layer of these small pieces in

iisaucepan and cover with a layer of

jiiotographers' hypo crystals (sodium

iposulphite). Heat over a flame until

3 hypo crystals are melted and the

rth fully saturated with the absorbed,

=lted hypo. Allow to cool for an hour.

en add more hypo and reheat to insure

Drough impregnation of the earth.

Let the mixture become cold. The hypo

11 recrystallize. expand, and break up

; earth to its finest particles. Fill the

n with cold water, producing a muddy
iss that will soon separate into a bot-

n sediment and a floating scum. The
liment will contain all solid foreign

jitter and broken diatoms, the scum
ly perfect diatoms, buoyed up by air

pped within the frustules. Skim off

s surface accumulation as long as it

itinues to form.

First, wash the skim with water to re-

've all traces of the hypo, then boil for

1 minutes in a strong solution of wash-

; soda (sodium carbonate). Wash
dn in water. Then go through the en-

3 cleaning procedure as described for

|.;paring Recent diatom frustules, in-

ding the boilings in hydrochloric,

ric, and sulphuric acids and the
Ir aching in potassium chlorate.

Mnally. you can mount the fossil dia-

plis in the same way you would Recent
VjVes and frustules.

lis list details the photographer, artist,

other source of illustrations, by page.

32-39-Bryan Nelson
40-41-Charles L. Hogue
42-49-Philip C. Hammond
except 48-Jcan Van
Brunt; map, AMNH after
Hammond; diagram,
AMNH after H. Stigers
50-53-lan Michael
Wright
54-57-Lee Boltin
60-61-Philip L. Feinberg
62-Philip 0. Gravelle

ER-Karl Kenyon
1-Joan Mencher
;pt map,
H after Mencher
5-John G.

lenbergh except map,
H after Vandenbergh
7-Evelyn Shaw
pt 27-top,
G. Vandenbergh
9-AMNH Archives
i\MNH

LINDBLAD TRAVEL Inc.

/ ONE EAST 53rd STREET

— - NEW YORK, N.Y. 10022

PLaza 1-2300

LINDBLAD TRAVEL TOURS are distinctly different. They are creatively planned for

the intelligent traveller who is more than superficially interested in peoples and cul-

tures. Try travelling with Lindblad Travel for the time of your life. We will take you
from the Antarctic in the south to Lapland in the north, through the steppes of Mon-
golia and the wilds of Brazil. Here are examples of our tours in 1966:

®
®
®
®

®

EXPLORERS' TOUR AROUND THE WORLD. Third year including the
Central Asian Republics of USSR, Mongolia, Siberia and the Soviet Far
East. Leaves New York July 16. Cost Complete $3300

WINGS OVER BRAZIL. An unforgettable expedition into Brazil's fabled
Amazon region and legendary Mato Grosso. Truly for the explorer, taking
you into areas visited only by a handful of men — aboriginal tribes,

incredible fauna and flora. Monthly departures April through November.
Cost Complete $2148

PRE-COLUMBIAN ARCHAEOLOGICAL SITES IN PERU, GUATEMALA,
HONDURAS, MEXICO AND YUCATAN. See the remnants of the ancient
Inca, Aztec and Maya cultures at Cuzco, Tikal, Uxmal, Oaxaca, etc. This
is one of our most popular study tours. Departures on July 8 and No-
vember 11. 31 days. Cost Complete $1895

EAST AFRICAN WING SAFARIS enable you to cover more African lands
in less time and at lovi/er cost. These safaris 'wing' via Piper aircraft to
the tribal country of the Northern Frontier District, game reserves and
some of the most beautiful settings in the world. There are two 22day
Wing Safaris departing every month. Restricted to 10 persons on each
departure. Cost Complete $2196

VALAUE SAFARIS. On these safaris you stay in a lodge at the foo't of
Mt. Kilimanjaro, motor across the Serengeti Plains, spend a night in the
branches of a tree, watching elephant, lion, zebra, giraffe, etc. in their
natural habitat. Also fascinating tribal life. The 22-day safari offers an
extension to Ethiopia and the 44-day safari includes Zambia, South
Africa and Nigeria in addition to East Africa. Monthly departures.

Base Cost $1691

®THE HOLY LAND. This tour to the Lands of the Bible has been very popu-
lar for the last five years. It takes you to Lebanon, Syria, Egypt, Jordan,
Israel and Greece. We use luxury hotels throughout and the total cost
from New York back to New York is only $1061. Departures every month.

Please send to: LINDBLAD TRAVEL, INC.,

One East 53rd Street

New York, N.Y. 10022

Please send me the folders indicated .

(Mr. or Mrs. or Miss)

Address:^

City:
. State;-

©0®
®®®

Zip Code_ KEY

63



"ORIOLE-FUN-BAR"
This exclusive "Oriole-Bar" will attract many
fun-loving golden Orioles to your garden, patio
or balcony (see actual photo). Their colorful

antics will delight you and your friends. A heart-

warming gift for any occasion. Rustless, so easy
to clean! Money back guarantee, full instruc-
tions. $3.95 plus 32^ postage. In Calif, add IQ<-

tax. Sorry no COD's. HUMMINGBIRD
HEAVEN, Dept. N. 6818 Apperson St.,

TUJUNGA, CALIF. (Makers of the popular
"Hummy-Bird Bar."®)

4 Pitch 4
4 Camp 4
4 and hit the 4and hit the

Trail
. . . with camping and mountain-
eering equipment that meets
every test. 34 years of design,
manufacturing and importing ex-
perience. Outstanding selection
to travel light and right.

i
i
i
i
i

*
j4 Name

. Addres:

Write for new 56-page illustrated catalog. 4
(Enclose 25c for handling/mailing)

CAMP AND TRAIL OUTFITTERS ».

112 UC Chambers St., New York.N.Y.10007 4
(Pleate Print) ;

i
i
4

State Zip *
4*4i4iiiiii4iiii444

Ten miles at sea, ten cool miles from the
mainland's cacophony and crowds. Sea-
scape and skyscape undimmed and un-
marred by streetlights, neon, jukeboxes,
billboords.

Dramatic cliffs and shoreline, spruce
forests explored by seventeen miles of
trails. Peaceful. And beautiful. $12 to $22
a person daily, with meals. Brochure.

THE ISLAND INN
Box H, Monhegan Island, Maine

On Grand Lake, Maine

CANOE.RROW TRIPS

45 young men, 11-18. Four trip groups. 7 wks. (6 wlis.
Jr. group). Separate survival group. Lake Jk white water
trips in Maine &, Canada: Allagasli. St. Croix II., Grand
Lake-Machias. Campcraft training. Post season work
ramp. Family trips. Quaker leadership. Write: George N.
Darrow, 780 Miilbrook Lane, Haverford, Pennsylvania,
19041. Fhone: area code 215 • Ml 2-8216.

Suggested

Additional Reading
NAMBOODIRI BRAHMANS

OF KERALA
Land and Society in Malabar. A. C.

Mayer. Oxford University Press, Lon-

don, 1952.

The Cochin Tribes and Castes. L. K.

A. Krishna Iyer. Vol. 11, Chap. 9-11.

Luzac & Co., London, 1912.

Castes and Tribes of Southern India.

E. Thurston. VoL V. Government

Press, Madras, 1909.

Namboodiri Brahmins: An Analysis

OF A Traditional Elite in Kerala,

India. J. Mencher. Journal of Asian

and African Studies, June, 1966.

RHESUS MONKEY BANDS
Naturalistic Behavior of Nonhuman

Primates. C. R. Carpenter. Pennsylva-

nia State University Press, University

Park. 1965.

Primate Behavior. Edited by I. De-

Vore. Holt. Rinehart and Winston,

N.Y.. 1965.

Primate Social Behavior. Edited by

C. H. Southvyrick. Van Nostrand Co.,

Princeton, 1963.

THE AFRICAN BAOBAB-
OBJECT OF AWE

Kenya Trees and Shrubs. I. R. Dale and

P. J. Greenway. Hatchards, London,

and Buchanan's Kenya Estates, Ltd.,

Nairobi, 1961.

Flora of West Tropical Africa. J.

Hutchinson and J. M. Dalziel. The
Crown Agents for the Colonies, Lon-

don, 1927^37.

THE MAN-O'-WAR BIRD
Wideavfake Island. B. Stonehouse.

Hutcliinson. London, 1960.

Handbook of North American Birds.

R. S. Palmer. Yale University Press,

New Haven, 1962.

Life Histories of North American
Petrels and Pelicans and Their
Allies. A. C. Bent. Smithsonian Insti-

tution, Bulletin 121. Government
Printing Office, Wash., 1922.

HIDEAWAY FOR MOTHS
A Pyralid Inhabiting the Fur of the

Living Sloth. H. G. Dyar. Proceed-

ings of the Entomological Society of

ffashington. Vol. 9, pages 142-44,

1907.

General Entomology. S. W. Frost.

McGraw-Hill Book Co., N.Y., 1942.

ANCIENT HEBRON,
THE CITY OF DAVID

Archaeology in the Holy Land. K.

Kenyon. Ernest Benn, Ltd., London,

1960.

The Archaeology of Palestine. W. F.

Albright. Penguin Books, Baltimore,

1963.

DARWIN RANCH!

.^.M^i^S&ls^.

An enclave of private land surroundec
on all four sides by Teton Nationa, (

Forest, the Darwin Ranch is 50 milet

from the nearest town. Its isolated lo-

cation in the unspoiled Gros Ventrt
Range just east of Jackson Hole <

makes it ideal for fishing, pack-trip

ping, mountain climbing, and genera. ',

naturalist activities. Write: \

DARWIN RANCH Pinedale. Wyomincl
i

4-WAY "HUMMER" FEEDEB

'

Hummingbirds, those jewel-like rascals, love

play and sip 4-at-a-time at the one and on
"Hummy-Bird Bar"® (See actual photo). 0th
birds or bees can't reach the sugarwater. Dri
less, rustless, so easy to clean! The heai
warming gift for yourself, family, friends (ai

Hummingbirds!) for all occasions. Money ba^,

guarantee. Full instructions. $2.95 plus 24c posj

age. In Calif, add 12C tax. Sorry no COD
HUMMINGBIRD HEAVEN, Dept N, 68
Apperson St., TUJUNGA, CALIF. (Makers
the popular "Oriole-Fun-Bar" for fun-lovii

Orioles!)

CATCH THEM ALIVE AND UNHURii

Catches more I Easy to l !

Amazing HAVAHART trap captures raidii

rats, rabbits, squirrels, skunks, pigeons, spa
rows. etc. Takes mink, coons without injur
Straying pets, poultry released unhurt. Easy
use—open ends give animal confidence. No jai

or springs to break. Galvanized: many in u

20 years. Sizes for all needs. FREE illustrat

practical guide with trapping secrets.

HAVAHART, 158 M Water Street
Ossining, New York

Please send me FREE new 48-page guide ai

price list.
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KEEP PACE WITH SPACE AGE! SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

for FUN, STUDY or PROFIT
'FISH' WITH A WAR SURPLUS

GIANT MAGNET
' Bring Up Under-Water Treasures «»^

Real fun I Profitable, tool 3impl; trail Ihlt
powerful 5 lb. llaenet out the sleni of

rour boat—retrieve outboard motors, flstUog

tackle, anchors, other metal valuablet.

Alnlco V-TfDe Maciiet has terrific lifting

power— 20110 Ciaiiss raiiiig— lifts o?er 150 lbs. on land-
more under water. Many industrial uses, too: recover tools

and Dart3 from inacceasllile spots, hold work in place, rid

slinp floors of iiu'i;il fnigmoriis. pins, etc.

Stock No. 70,57I-E 5-Ib. Magnet $12.50 Pstpd.

Stock No. 70.570-E 3'/2-Ib. Lifts 40 lb $ 8.75 Pstpd.

Stock No. 85,I52-E IS^-lb. Magnet $33.60 FOB

SPECIAL! AMERICAN MADE!

OPAQU E PROJ ECTOR
Insert illustrations up to 3" x SV^" to

project and enlarge them to 35" x 30"

if sfreen is GV2 ft. from pnijector.

No film or negatives needed. Projects
masazlne pictures, pliotos, lettering

in full color or black-and-white. X'se

in darkened room for best results.

Operates on 115- volt A.C. current,

i-ft. extension cord and plug included. Operates on 60 watt
mlh. not included. Approved by Underwriters' Lahora-
nrics. Inc. Size 12" x S" x iV«" wide. Weight 1 lb. 2 oz.

Plastic case with built-in handle,
stock No. 70.199-E $7.95 Postpaid

Brand New, Quick-Change, Industrial Surplus

NICKEL-CADMIUM BATTERY
Unparalleled Value

For the first time a 6-volt, liglit-weight nickel-
cadmium battery in stainless steel, strap type-
casing. 4-amp hour capacity. Almost unlimited
life ^ thousands of dischargeable cycles with
minute deterioration—charges fully in approx.
1 hr. with Edmund charger kit. Just a few drops

if water per year provide full maintenance. Hundreds of
ises for hobbyists, amateur photographers, campers, model
ijuilders, etc. Unequalled for rechargeable lanterns: cycle
cooters, and boat lights; portable fluorescent and ultra-
iolet lights; electronic flash units. Battery requires mini-
iium of electrolyte; is sealed to prevent loss: delivers nearly
00',^ of output at below freezing temperatures compared
oOTc by lead-acid batteries. No corrosive fumes under

ny stage of recharge. Stud type terminals on top l',s"
ipart, marked for polarity; 6-32 tliread, nuts and lock
viishers. 6" x 2" x 4". \Vt, approx. 2 lbs.

itock No. 70.776-E $15.00 Ppd.
IIAIKIKH KIT FOR G-VOLT BATTERY. Charges in
iiprox. I lir. Shuts off automatically, attaches to Stock
<<}- 70.776 battery case. Includes transformer, ballast
fsistors. charger circuit board, mounting hardware, S ft.

iinl, plug switch, assembly instr.

itock No. 70.807-E „.._ $8.00 Ppd.

JXE 1.2 VOLT MCKEL-CADMIUM CELL
itock No. 40,798-E $3.95 Ppd.

'Bolls of Fun" for Kids . . . Traffic Stoppers for

jtores . . . Terrific for Amateur Meteorologists . . .

>URPLUS GIANT WEATHER BALLOONS
At last . . . available again in big
8-ft. diameter. Create a neighlior-
hood sensation. Great backyard fun.
Kxi'iting beach attraction. Blow up
Willi vacuum cleaners or auto air hose.
.Slunly enough for liard play; all
other uses. Pilled with helium (avail-
able locally) use balloons high in the
sky to attract crowds, advertise store
sales, announce fair openings, etc.
Amateur meteorologists use balloons

|j measure cloud heights, wind speed, temperature, pres-
,
ures, humidity at various heights- Photographers can
(ili/,e for low i-cjsl aerial photos. Recent Gov't, surplus
f licavy. bhiik. ricoprcne rubber,
-tock No. 60.568-E $2.00 Ppd.

LIGHTLY HEAVIER RUBBER-LATER MANUFACTURE!
itock No. 60.562-E—4 ft. diam. size S2.00 Ppd.

•tock No. 60,564-E—8 ft. diam. size $4.00 Ppd.

Revolutionary Technological Breakthrough in

LIVING UNDER WATER
Underwater Ant Nest Used
to Dramatize Development
ii>aiional new development may be

fonrunner to underwater cities, the
day man will live under the sea.
Siliione Rubber -Membrane enables

nts (and other creatures) to live and breathe normally
y obtaining life giving oxygen from water even though
Ml ncsl is submerged and sealed off completely from
iiiio>iiiit;re. When ants consume oxygen in nest, pressure
crrcascs below that of oxygen pressure in the water

—

llin\s oxygen from water (but not water) to pass through
u'liilirane. Nest conies complete witli sand, food, certificate
• be returned for supply of ants. Complete instructions,
iipply limited. Use your aquarium or order ours, listed
clow.
tock No. 70,801-E
(Ant nest, membrane, instr.) $8.75 Ppd.
2 GALLON PLASTIC AQUARIUM
tock No. 90,014-E $7.95 Ppd.

BE READY FOR THE MOON SHOTS
Ranger. Sur\eyor. Lunar Orbit er unmanned space probes
ivill shed exciting new light on the mystery of the moon
and outer space. See the results close-up. Edmund low-cost.
top-quality equipment and accessories put you right there—provide valualite and complete information to keep you
on target.

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE

Photographers! Adapt your camera to this Scope for ex-
cellent Telephoto shots and fascinating photos of moon I

fiOtn IBM r— Fariinii Mt Palomar Type! An Unusual Buyi
• Si-e Kie Rings of Saturn, the

I'ascinating planet Mars, huse
i raters on the Moon. Phases of

\'enus. Equaiorial mount wUh
kick on boili axes. Aluminized
Lfnd over-coated 3" diameter
high-speed f/10 mirror. Tele-
scope comes equipped with a
I'liiX eyepiece and a mounted
liarlow Lens. Optical Finder
feJescope included. Hardwood.

[ S ^ \ portable tripod. FIIEE with
t_ m .:: \ .: Scope: Valuable STAR CHART
plus i;7J-pa-e H.ANIlliOOl': OF HEAVENS'* plus "HOW
TO rsn YOIIl TEI.KSCOPE" BOOK.
Stock No. 85,050-E $29.95 Postpaid

4V4" Reflection Telescope—up to 270 Power
Stock No. 85-105-E $79-50 F.O.B.

Superb 6" Reflector Telescope
Up to 570 Power Equatorial mount and Pedestal Base
Stock No. 85.086-E $199.50 F.O.B.

New! 2 in 1 Combination! Pocfcef-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

(S
Useful Telescope and Microscope combined
in one amazing, precision instrument- Im-
ported! No larger than a fountain pen.

Telescope is 10 Power. Microscope magni-
fies 50 Times. Sharp focus at any range.

Handy for sports, looking at small objects.

Stock No. 30.059-E $4.50 Ppd

AGES-OLD FOSSIL COLLECTIONS
.Millions uf years old 1 3 full sets

—

'6ii faniaAtic plant and animal fossils
—all for $3.75. EARTH SCIENTIST
Sli^T: Dinosaur hone, cnnoid stem,
born coral, worm tubes, petrified
\\uod. bryozoa stem, lamp shell.
scallop, sea urchin, ovsier. clam.
snail fossil. CARRONlFn:ilOr.g
SET: Brachipod. worm hurl, crinold

stem, tusullne horn coral, bryozoan, snail and clam.
CRETACEOUS SET: Brachipod. oyster, sea urchin, perti-

Hed wood, etc All three sets for one low price!

Stock No. 50.344-E $3.75 Postpaid

SCIENCE TREASURE CHESTS
Science Treasure Chest—extra powerful mag-
nets, polarizing lilters, compass, one-way
mirror film, prisms, diffraciion grating, and
lots of other items for hundreds of tliriUing

experiinents. plus a Ten Lens Kit for malt-
ing telescopes, microscopes, etc. Full in-

sirucl ions.

Stock No. 70,342-E $5.50 Pstpd.
Science Treasure Chest Deluxe—Everything in Chest above
plus exciting additional items for more advanced experi-
ments, including crystal-growing liit, electric motor, mo-
lecular set. first-surface mirrors, and lots more-
Stock No. 70.343-E SIO.50 postpaid

SOLID WOODEN PUZZLES
12 Ditterent puzzles that will silmulalb
your ability to tliinlt and reason. Here
is a fascinating assortment of wood puz-
zles tliat will provide hours 01 pleasure.
Twelve ditTerent puzzles, animals and
geometric forms to talte apart and reas-
semble, give a chance for all the family, \ouiu or ol 1 to

test skill, patience and, best of all, to stimulate abilitj tu

think and reason wliile having lots of fun. Order yours now.

Stock No. 70,205-E S3.00 Postpaid

S ** ****** ' CRYSTAL GROWING KIT
'^ M^H Hlyl ^° ^ Crystallograpliy project lUus-

*^ |K3iUaPS- ^^^^^'^ "''l'' large beautiful crystals

i,;..'-'' V4L M|*V- you grow yourself. Kit includes the

i.'/ifcS\ W^ ^* ''""'' "Crystals and Crystal Growing"
mjf^P iiiiil fi generous supply of the cliemi-
txa*—-r..- -

^.^^^ j.^j,, ,n.(,j [Q j;row large display
orysLals uf potassium aluminum sul-

fate (clcarj, potassuiiu sulfate (purple), potassium sodium
tartrate (clear), nickel sulfate hcxahydrate (blue green) or
lieptaliydrate (green), potassium feiricyanide (red), and
copper acetate (blue green).
Stock No. 70.33G-E $9.50 Postpaid

EXPLORE THE WORLD OF "OP ART"
Fascinating New Experimenters'

MOIRE

PATTERN KITS

Fantastic Visual Effects! Limitless Applications

Now! Experiment Willi the amazing new tool of tomorrow.
Basis of "OP ART'— latest rage sweeping the country in

art, fashion, packaging industries. l.OOO's of uses for

hobbyists, photographers, designers, lab and home experi-

menters. Fun! Profitable! I'nlimited potential. Here's
your complete introduction kit developed by Dr. Gerald
Oster. Brooklyn Poly. Inst. Contains S basic patterns on

both clear acetate lantern slide size 3'4" x 4" (.020

thick) and .012" thick white Kromekote paper 3%" s 4M:"
(coated one side): two piece VA" k 4" 150-dot screen on

film. Copy Dr. Oster's book. "The Science of Moire Pat-
terns", an authoritative introduction to the fascinating

ivorld of moire.
Stock No, 70.719-E (KIT "A") $8-50 Ppd.

Stock No. 60.464-E (without book) $6.50 Ppd.

NOW AVAILABLE IN FULL COLORS
Wait 'til you see the fantastic rainbow uf color—all S pat-
terns atiove in full transparent colors, red, yellow and blue.

plus black dotal 40). CompI, instructions.

Stock No. G0.530-E (Kit A) $12.50 Ppd.

NEW DE LUXE EXPERIMENTERS' MOIRE KIT "B"
Eight new totally dilliruji IiI;h 1; and wliite patterns:
Coarse sines; (i5-line .-iini..-.. luiMJ^'ctive squares; medium
grating; Gaussian graling, cuineiguig circles; elliptical

/.one plate; 3t)-line logarithmic spiral; plus instructions
by Dr. Oster.

Stock No. 70.790-E $6.00 Ppd.

NEW MOIRE KIT "B" IN COLOR
S new pattern.'; above in red, yellow and blue; plus black
(lota! 411) Willi inst. by Dr. Oster.

Stock No. GQ,531-E $12.50 Ppd.

NEW JUMBO 20" x 25" MOIRE PATTERNS
E.\cellent for ilisplays and signs. \Vrlte for details and

MoffiE PATTERN ACCESSORY KIT. For additional
experiments. Inch metallic balloon, calcite, two kinds of
dittracting gratings, one-way mirror foil, polarizing male-
rials. Ronchi rulings, assortments of lenses.

Stock No. 60.487-E $8.00 Ppd.

BARGAINS GALORE! HOURS OF FUN! ONLY $5
NEW POPULAR SCIENCE FUN CHEST

Here are Edmund's 9 top selling
science toys and curiosities in one
fascinating, low-cost package. Per-
fect gift item. Amuse and delight
young and old for liours on end.
Educational, too! Teach basic sci-
<.ii<e principles in a wonderful new
tun way. Incl. : Solar Radiometer

—

spins at 3.000 rpm ; Albert the Bobbing
Bird—runs continuously on ihormal
energy: Ama/.ing Sealed Mercury

Puzzle: Five 2-sided Ceramic Magnets: Big S'/s" Burn-
ing Glass in Zip-Lip Poly Bag; Magnetic Doggie and
Spinning Ball— hall spins as dog approaclies; Diffraction
Grating Rainbow Viewer; PIK-UP Ring (with Edmund
TAK) ; I'upidar booklet. "Astronomy and You." All in

die-cut stura;;i* box with complrlc iu.'^tructions.

Stock No . 70.787-E $5.0 Ppd.

SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL
DIGITAL COMPUTER

ACTUAL MINIATURE VERSION OF
GIANT ELECTRONIC BRAINS

Pascinaling new see-through model
Lomputer actually solves problems,
teaches com[)Uter fundamentals. Adds.
subtracts, multiplies, shifts, complements, carries, mem-
,»rizes. counts, compares, sequences. Attractively colored,

rigid plastic parts easily assembled. 12" s S'^^" x i^i".

liicl. step-by-stcp assembly diagrams. 32-page instruction

book covering operation, computer language (binary sys-

rcm), programming, problems and 15 experiments.

Stock No. 70,G83-E S5.98 Ppd.

Order by Stock No.-Send Check or MONEY ORDER
Money-Back Guarantee

EDMUND SCIENTIFIC CO., Barrington, N. J.

MAIL COUPON for FREE CATALOG "E"
EDMUND SCIENTIFIC CO..
Barrington. New Jersey 08007
Completely New 1966 Edition—

148 Pages-Nearly 4500
Bargains

Please rush Free Giant Catalog E
Nam©
Address

City State Zip

ORDER BY STOCK NUMBER • OPEN ACCT. TO RATED FIKMS • SATISFACTION GUARANTBED!

EDMUND SCIENTIFIC CO*f barrington, new jersey osooz



The boy who wondered what made things tick...

now keeps complex machines'ticking'at General Motors

When Steve Slowinski was eight years

old, he was lucky enough to find a

broken-down alarm clock In a vacant

lot near his home. He took the clock

apart, and then put it back together so
it worked perfectly.

In the days and years that followed,

Steve considered it a personal chal-

lenge when he found anything that

needed rebuilding. In high school, for

example, he set up his own repair busi-

ness and within a year his room was
crowded with faceless clocks, dismem-
bered watches, washing machines,
toasters and other items. You name it

—Steve could fix it.

After courses in mechanical arts

and drafting, Steve joined the Ternstedt

Division of General Motors. His first

job—to fix intricate machinery when it

got fouled up. Today, Steve is the Fore-!

man of the machine repair team at this

important GM Division.

Looking back, it was more than a||

broken alarm clock that a young boy

found so many years ago. It was, in|

effect, a lifetime career.

We're mighty glad it worked oulj

that way ... for Steve Slowinski . . . and|

for General Motors!

GM
General Motors is People. making better things for you
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Art Mayer-self-taught mechanic

now teaches at a GM Training Center

He was the happiest boy in town when
he landed a part-time job at the corner
gas station. He wanted to be a mechanic
for as long as he could remember. He
wanted to learn all he could about cars
and engines. And this was his bigchance.
He turned his part-time job into a full-

time ambition. He never lost the desire

to work on engines ... or to learn more.

After serving as a helicopter mechanic
during the war, Art joined one of the

General Motors car divisions as a me-
chanic and soon worked his way up to

Master Mechanic. Today, Arthur E.

Mayer, Jr., is an instructor at one of 30
GM Training Centers across the nation,

with a total annual enrollment of some
125,000 automotive mechanics drawn

from GM retail dealerships. The "re-

fresher" courses taught at these cen-

ters keep local dealer mechanics con-

stantly abreast of new advances in

technology and service methods.
Art Mayer is happy working with his

students, helping to advance their

knowledge and skills. He's a fine exam-
ple ofthe kind of people that make GM go.

GM
General Motors is People .making better things for you

^
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LIFE HISTORIES OF N. AMERICAN BIRDS
by Arthur Cleveland Bent

oared under the auspices of the Smithsonian
itution, these volumes of life histories have
;r been surpassed for thoroughness, reli-

ity and delightful readability. The entire

ihas now been reprinted, complete to every

d, every photograph (on glossy stock) of the

inal edition. Each volume indexed. Bibliog-

lies.

6. WILD FOWL. 73 ducks, geese, swans,
photos. Total of xv + 558pp. of text.

2 vols., Paperbd. $5.00

2. BIRDS OF PREY. 114 hawks, owsl, condors,

363 photos. Total of 970pp. of text.

2 vols., Paperbd. $5.00

4. SHORE BIRDS. 81 snipes, plovers, sand-

:rs, etc. Over 200 photos. Total of 860pp.
ext. 2 vols., Paperbd. $4.70

I. GALLINACEOUS BIRDS. 88 quails, grouse,

3S, turkeys, etc. 170 photos, xii + 490pp.
ext. Paperbd. $2.75

1029. GULLS AND TERNS. SO species. 16pp. of egg
photos; 149 other photos, xi + 357pp. of text.

Paperbd. $2.75

1082. MARSH BIRDS. 53 coots, bitterns, ibis, etc.
178 photos, xii + 391pp. of text.

Paperbd. $2.75

1083. WOODPECKERS.
xii + 334pp. of text.

64 species. 74 photos.
Paperbd. $2.75

1085. WAGTAILS, SHRIKES, VIREDS & THEIR
ALLIES. 49 species. 72 photos, xv + 411pp. of
text. Paperbd. $2.75

108G. THRUSHES, KINGLETS & THEIR ALLIES. 58
species, including robins. 78 photos, vi + 452pp.
of text. Paperbd, $2.75

1087. PETRELS, PELICANS & THEIR ALLIES. 69 spe-
cies. 128 photos, xiv + 335pp. of text.

Paperbd. $2.75

1088. NUTHATCHES, WRENS, THRASHERS & THEIR
ALLIES. 104 species. 142 photos, x + 475p0. of
text. Paperbd. $2.75

1090. FLYCATCHERS, LARKS, SWALLOWS & THEIR
ALLIES. 78 species. 117 photos, xvi + 555pp.
of text. Paperbd. $2.75

1091. DIVING BIROS. 36 grebes, puffins, auks,
etc. 12pp. of egg photos; 80 other photos, xiii +
239pp. of text. Paperbd. $2.75

1093. BLACKBIRDS, ORIOLES, TANAGERS & THEIR
ALLIES. 62 species. 55 photos, x + 549pp. of
text. Paperbd. $2.75

1153-4. WOODWARBLERS.
Total of xxii + 734pp.

58 species. 125 photos,
of text.

2 vols., Paperbd. $5.00

1222-3. JAYS, CHOWS & TITMICE. 98 species. 112
photos. Total of xv + 495pp. of text.

2 vols., Paperbd. $5.00

1224-5. CUCKOOS, GOATSUCKERS, HUMMINGBIRDS
& THEIR ALLIES. 59 species. 135 photos. Total of
xvii + 506pp. of text. 2 vols.. Paperbd. $5.00

IIDE TO SOUTHERN TREES, E. S. & J. G.

Pocket-sized guide to more than 350
n species. 200 full-page ills. Many keys.

9pp. 4% X 6%. Paperbd. $2.35

HE PUMA: Mysterious American Cat, S. P.

E. A. Goldman. Life history plus data on
•n, species characteristics, etc. 165 photos.

.58pp. Paperbd. $2.25

THE WOLVES OF N. AMERICA, S. P. Young,
Idman. The classic study: behavior, physi-

ts. anecdotes, etc. 244 photos. Total of

636pp. of text. 2 vols., Paperbd. $4.00

BIRD STUDIES AT OLD CAPE MAY, Witmer
One does not need to live in New Jersey
eciate [this] work," J. C. Devlin, N. Y.
Over 350 life histories—classics of nature
New intro. by Roger Tory Peterson. 229
277 figs. Total of lii -I- 94pp. of text.

2 vols., Paperbd. $5.50

HE BIRD WATCHER'S QUIZ BOOK, H. H.

Jr. 74 test-yourself quizzes on all aspects
life, lore. 51 ills, ix -(- 116pp.

Paperbd. $1.00

ECT LIFE & INSECT NATURAL HISTORY, S. W.
Ilundreds of facts on habits, social life,

thousands of species you can observe for
'. 13 identification keys. Over 700 ills, x -4-

Paperbd. $2.50

W TO KNOW THE WILD FLOWERS, Mrs. W. S.

iasiest-to-use field guide organizes more
)00 U.S. plants by time of blooming and
r. Revised 1963. 174 full-page ills, xii +

Paperbd. $2.00

IE BIRD: Its Form & Function, C. Wm. Beebe.
d as a life form, written with grace, rare
ism. 374 figs. Preface by Dean Amadon.
'6pp. Paperbd. $2.75

TS, G. M. Allen. Strips away the aura of
srnatural to reveal a unique life form. 58
X -f 368pp. Paperbd. $2.00

N INTRODUCTION TO BIRD LIFE FOR BIRD
5S, A. S. Saunders. A beginner's book that
useful! How to observe, recognize calls,

ills. 256pp. Paperbd. $1.25

IJR SMALL NATIVE ANIMALS: Their Habits &
Snedigar. Skunks, owls, lizards, etc. make
)ets than you realized. Chicago zoologist
w. 114 ills, xvii -1- 248 pp.

Paperbd. $1.75

1361. N. AMERICAN BIRDS' EGGS, C. A. Reed. 1965
edition. 566 photos, all actual size; descriptive
background text; preface by Paul Buckley. Cor-
nell Ornithology Lab. xii -1- 372pp. 6V8 x 8%,

Paperbd. $3.00

1219-20. STUDIES IN THE LIFE HISTORY OF THE
SONG SPARROW, M. M. Nice. Complete reprint. Vol.
I: population study. Vol. II: behavior. Total of
14 maps, 59 charts, xxii -t- 574pp.

2 vols., Paperbd. $3.50

929. THE LIFE STORY OF THE FISH, B. Curtis. Do
fish sleep? Can they hear? Learn all from this
lively account. 6 plates, xii -f 284pp.

Paperbd. $1.85

1375. TREE FLOWERS OF FOREST, PARK 8. STREET,
W. E. Rogers. Even many nature fans are unaware
of tree ilowers. Here are 121 full-pace magnifica-
tions. 121 tree silhouettes for identification, over
200 other ills., full text, xii -|- 499pp. 65/8 x 9-i/8.

Paperbd. $3.00

798. HOW PLANTS GET THEIR NAMES, Liberty Hyde
Bailey. Basic introduction to botanical nomen-
clature. 11 ills. 187pp. Paperbd. $1.25

277-8. MANUAL OF THE TREES OF N. AMERICA, C. S.
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RESOURCES!AND LEGISLATION

Washington newsletn
'By Paul Mason Tilden

SINCE the last installment of this col-

umn the nation has acquired a splen-

did new seashore—Cape Lookout, whose

20,000-odd acres of dunelands and marsh

will encompass some 58 miles of North

Carolina's Outer Banks. It is a long, thin

(from less than 1/2 mile wide to about

134 miles at its broadest point) strip

of land lying, on the average, some two

miles oif the mainland. Commencing at

Ocracoke Inlet on the north, with only a

mile of water separating it from the

southerly terminus of existing Cape Hat-

teras National Seashore, the new reserva-

tion will run in a southwesterly direction

down Portsmouth Island and Core Banks

to a point southeast of the city of Beau-

fort, where it will swing west to include

the Shackleford Banks.

The legislation bringing Cape Lookout

into the national park system was never

controversial during its steady progress

through the necessary hearings and final

adjustments, and as a consequence, per-

haps, was but slightly followed by the

lay public. Thus, authorization of the new

seashore came as something of a surprise

to many people. Underlying this idyllic

state of affairs was the generosity of the

state of North Carolina, which undertook

to donate to the American public some

18,000 of the 20,000 needed acres. It is

worth noting here that North Carolina

has had a past record of such generos-

ity in the establishment of parklands and

seashores, notably in the cases of Great

Smoky Mountains National Park and

Cape Hatteras National Seashore.

The newly authorized seashore will be

similar in general characteristics—flora,

fauna, geologic history, and scenery—to

Cape Hatteras National Seashore; in-

deed, during its consideration by Con-

gress there were suggestions that the area

might merely be added to Hatteras, or,

at the least, administered by the person-

nel of that seashore. In any case. Cape
Lookout joins the list of East Coast sun,

sea, and sand reserves that have been

added to the park system in recent years

—Cape Cod in Massachusetts, Fire Island

in New York, and Assateague in Mary-
land and Virginia. Cape Hatteras, in

North Carolina, is an older seashore,

first authorized in 1937 although not

formally established until 1953.

Redwood Park Proposals

AN unfortunate cleavage appears to

be developing over the size and loca-

tion of a possible Redwood National Park

in the marvelous redwood groves that

grow along California's northern!

The early months of 1966 hav|

the introduction of several score

authorizing a Redwood Park, andne

can be fitted into two general cate.rii

Bills of the first sort would create n.

of about 45,000 acres maximum s .

the addition of some 25.000 acres t ]a

fornia's Jedediah Smith and Del m

Coast Redwoods State Parks in Del

County, plus a detached strip of 1

redwoods along Redwood Creek m
town of Orick in Humboldt Coun £j

ther south. Such bills are in accoril

the Administration's proposal for I

wood National Park.

Bills of a second type have been

duced by a number of conservatic|

scious congressmen, who would es

a much larger park of some 90,00(

in the Redwood Creek and Prairie

valleys of Humboldt County. Thi

would resemble the preserve outh d

the National Park Service as ''PI

in a brochure released more than
)|

ago and discussed in a previous
"

ington Newsletter." Typical of th

is legislation introduced recently 1;

ator Lee Metcalf, for himself and
half of fourteen other senators,

form of an amendment to the Ac
tration's bill in the Senate. Senate

calf's amendment would bodily sul

the larger park for the Administr

smaller one. As foreseen in the pi

discussion of a redwood park on

pages, the cost of a meaningful ar

logically complete reserve—an enti

wood watershed—would be very

The sum suggested in the Metcalf i

a hundred million dollars for diri

quisition money, plus fifty millio:

which to match private or state dor,

of money or property toward the

As of this writing (early April) n'

lie hearings had been scheduled

appropriate committees of Congn
a park of either size.

Incident in the Snake Ran

AN irritating incident in eastei

i vada's Humboldt National

was the cause of recent conserva

protest to the United States Foresl

ice and to interested congressmen

During recent years it has becoi

parent that the bristlecone pine I

aristata, sometimes called the foxl

hickory, pine), rather than the

sequoia of California's Sierra f

{Sequoia ivellingtonia or S. gi^

depending on one's source of refer



es as the world's oldest living tree,

as is now known. The bristlecone,

I
gh unfamiliar to most Americans,

actually rare, but rather is a tree

erely limited habitat, growing in

id stands at high altitudes in the

ains of Colorado, northern New

0, Utah, northern Arizona. Nevada,

( istern California. The tree is often

ically most rewarding, growing, as

specimens do. at timberline or just

. where long lifetimes of exposure

; harshest winds twist and distort

ort. thick trunks into gnarled and

ted forms.

: bristlecone is also of the greatest

ific interest, and has been the ob-

f much study in recent years. Re-

1 has shown an apparent westerly

in average "oldest age" of speci-

; that is. there are many specimens

eat age—4.000 years or older—in

iirnia, Nevada, and Utah, but so far

presently known, none in the more

ly range of the tree. This is a pecu-

' that is under investigation; but, in

/ent. the growth rings of the ancient

econes have been furnishing scien-

with sensitive and accurate clues

t climates in the intermontane west,

ave shed light on the advances and

iions of fairly recent (geologically

ing) local glaciers. Cores of long-

bristlecones compared with cores of

; ancient trees have extended the

ing record in one area back nearly

years.

specially great interest are the scat-

l stands of bristlecone in the

;ler Peak Scenic Area of the Hum-
National Forest in Nevada, which

des a line of north-south-trending

mountain summits of the Snake

;e topped by Wheeler Peak at just

13.000 feet.

low the steep north face of Wheeler

itself, at an altitude ranging from

I to about 11.000 feet, there is a

1 of bristlecone pine growing upon

lorainal material of a former glacier

headed in a cirque below the rock

and today is represented only by a

1 patch of ice. In this stand, at an

ide of 10,750 feet, grew a bristle-

that by 1964 had attained a circum-

ice of 252 inches a little above

nd level, but a height of only 17 feet

e top of its dead crown,

ith permission of the Forest Service,

tree was cut down during the sum-

of 1964 by a young scientist from an

;rn university in connection with a

y of distribution pattern of age limit

e bristlecone. In the summer of 1965

study was published in a scientific

nal. There was no indication in the

y report that the tree had actually

. destroyed, and it was early 1966

re conservationists learned the full

ils of the incident.

> it turned out, the bristlecone proved

to be about 4.900 years old—oldest living

tree of any species identified to date and

some 300 years older than a known 4.600-

year-old specimen in the White Moun-

tains of eastern California. One conserva-

tionist sourly remarked that the world s

most ancient living tree had b»en simul-

taneously discovered and destroyed. The

Forest Service attempted to defend itself

by saying in part that the tree was in

poor health anyway; conservationists re-

torted that most ancient bristlecones con-

sist of much dead and very little living

wood, and that this particular tree had

probably been "ailing" since the birth

of Christ. But the real burden of conser-

vationist complaint was: Why was the

well-known and non-destructive tech-

nique of coring for tree age not used in

the case of the Wheeler Peak bristle-

cone? Competent opinion seemed to in-

dicate that coring would have served the

purpose of the study equally well. The

preservation faction of the conservation

movement was particularly disturbed

about the destruction of the bristlecone.

since the Wheeler Peak area has for

many years been viewed for inclusion in

a proposed Great Basin National Park.

Protest could hardly bring the oldest

tree back to life, but it might prevent

further errors in judgment in the man-

agement of the Wheeler bristlecones; I

have learned unofficially that steps have

been taken to insure the future safety of

the ancient trees.

The Oil-Shale Question

An issue of great interest to the Ameri-

/^ can conservation movement, which

loomed large, but ill-defined, on the hori-

zon for a number of years, has moved

considerably closer to the mainstream of

conservation events during recent months.

The issue revolves around the eventual

management of an immense treasure of

potential energy lying largely in the pub-

lic domain of several western states in

the form of so-called oil shale. More

closely defined, this is a fine-textured

sedimentary rock that can be made to

yield oil in appreciable amounts by de-

structive distillation of included plant

and animal matter. Such organic-rich

shales are widely scattered about the

world, and have been utilized on a small

scale for many years in areas where pe-

troleum has been expensive or hard to

obtain; low-grade, organic-rich shale de-

posits were worked to some extent in the

eastern part of the United States before

the great petroleum discoveries began

just prior to the Civil War.

Current interest, however, focuses on

some 16.000 square miles of basin terrain

in Colorado. Wyoming, and Utah, which

are underlain by the Green River Forma-

tion, deposited during the Eocene Epoch

as fine sediments at the bottoms of fresh-

water lakes (Natural History, April,

1965, p. 10). Within four such basins—

a totally new concept
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the Piceance in Colorado, Uinta in Utah,

and Green River and Washakie in Wyo-
ming—the Green River rocks possess a

potential oil equivalent yield, in known
high-grade deposits of 25 to 65 gallons

per ton of rock, of some 600 billion bar-

rels. Intermediate-grade deposits yield-

ing 10 to 25 gallons per ton in the four

fields would, it is estimated, add another

1.430 billion barrels to this figure, while

known deposits yielding only 5 to 10 gal-

lons per ton—too low a grade of shale for

present technology to deal with—are

thought to have a 2.000-billion barrel po-

tential; the whole constitutes a reserve

of something like the equivalent of 4 tril-

lion barrels of oil, or many hundreds of

years" supply at the nation's present rate

of use. Even this figure, some geologists

think, might be doubled by possible ex-

tension or upward revisions of Green

River shale resources.

Figures of this magnitude are impos-

sible to comprehend, but viewed in terms

of either profit or protection from com-

petition, they offer a good reason for the

current interest in western oil shale.

About 85 per cent of the organic-rich

shale in the four basins lies in public

lands administered by the Department of

the Interior, the balance being privately

owned. The figure for federal lands in-

cludes a relatively small percentage of

lands that private individuals hold in un-

patented oil-shale placer-mining claims,

filed before the Mineral Leasing Act of

1920 was passed; if the claims were vali-

dated, the land would become privately

owned. The 1920 Act removed the oil-

shale deposits from location under

placer-mining law. and made them sub-

ject to lease; but in 1930 they were com-

pletely withdrawn from leasing by

proclamation of President Hoover, and

they have continued in a withdrawn sta-

tus to the present.

For a number of years the Interior

Department has been under pressure for

a decision in the matter of opening up
the oil-shale lands to lease for private

development. During the spring of 1964,

Secretary of the Interior Stewart L. Udall

appointed seven prominent Americans to

survey the problems of oil-shale develop-

ment on federal lands. "If the national

interest is to be served . . . the major

public policy questions need to be identi-

fied and evaluated at the onset," he said,

naming the following persons to be mem-
bers of an Oil Shale Advisory Board:

Chairman, Joseph L. Fisher, president of

a research organization. Resources for

the Future; Benjamin V. Cohen, attor-

ney of Washington, D.C. ; John Kenneth

Galbraith, noted economist; General

James M. Gavin, U.S.A. (ret.), chairman

of the board of Arthur D. Little. Inc.;

Milo Perkins, business consultant; Orlo

B. Childs, president of the Colorado

School of Mines; and H. Byron Mock,

Salt Lake City attorney. General Gavin

resigned from the Board fairly earl; n

did not sign its report to the Secre r

In the question of oil-shale land ai

ing, the Secretary's "major public pic

questions" seem numerous, and in^d

many problems that would fall dir tl

within the purview of the conserv in

world. Among these one might lissh

impact of strip mining, with all ( ii

dismal potentials for water polhor

erosion by wind and water, and daiigi

to the natural scene and its wildlifenj

vegetation ; the disposal of huge amint

of waste rock and spent shale from oc

essing plants; and the potential aiiiw

water pollution of the distillation pnl

themselves.

In early 1965 the Board submittt al

interim report, complete with the iri

vate views of members, to Secr'irj

Udall. Beyond general agreement o hi

fact that "orderly development of a m

petitive oil shale industry would pr( di

future sources of oil of much bene ti

the country," no consensus was del

oped on the question of whether the ec

retary should, or should not, authizi

oil-shale leasing in the near future, let

members favored immediate leasing m
three were opposed, so that the Seen n

was left in pretty much the same p c)

quandary he had found himself in ea er

Perhaps the views of economist lui

Kenneth Galbraith most nearly expn ei

the views of the conservation world i In

matter, so far as those views have is

tallized. "The major oil companies rt

naturally concerned with protecting tit

position in the event of the develop) nl

of an oil shale industry by buyin oi

controlling oil shale acreage," he id.

"There is good reason ... to seek th le-

velopment of effective and econor;af

processes for recovering oil from si*

Alternative fuel supplies are. how«
wholly sufficient to permit orderly nfl

equitable development of shale oi e-

sources . . . there need be no irration o^

belter skelter alienation of this pilic

resource. All who believe in conserv, u

must resist such course."

Storm on the Hudson I

SF.VKRAL years ago a New York piB

utility requested the Federal Pier

Commission's authorization of a I'ge

pumped-storage hydroelectric planari

the Hudson River near Cornwall, snfl

miles above New York City. The <'"

pany plan called for a 12-bi]lion-g;Ji'

reservoir atop the Hudson Highland: d-

jacent to the river, to be filled with vw
drawn from the Hudson during hou oi

low electrical energy demand, for rel st

and power generation in hours of ]«

demand. The power plant, envisioneas,

the largest of its kind in the world, w lo

be housed in a deep, 800-foot-long ea-

vation in the solid rock face of Sim

King Mountain and connected witlilif

reservoir by penstocks (sluices), c.«



g lor which would also be blasted

m the face of the mountain. The en-

y developed would be transmitted

th to the power grids of New York

Y over high wires centered in a 250-

t-wide cleared right of way.

'he plan was immediately opposed by

roup of Hudson River residents and

servationists who felt that the power

nt and its transmission network would

esthetically damaging to a reach of

Hudson that still possessed a consid-

ble measure of its original charm and

ndeur, and that still offered the mil-

s of residents of New York and its

dlite cities a scenic and recreational

ige. Led by an organization titled the

nic Hudson Preservation Conference,

jmpest was stirred on the Hudson.

t tempest may. whether the hydro-

I u is eventually built or not, have a

1 tie impact on future management of

I nation's river resources.

luring mid-1964, a trial examiner for

I Federal Power Commission recom-

i ided that the utility be granted a li-

Sjie for its Storm King project. (Such a

I'lmmendation becomes final if, within

j
lays, no exceptions are filed and the

j
Commission feels no need for review

l'
s examiner's decision.) However, the

[lie Hudson Preservation Conference

I

file an exception, requesting a ruling

J
ae full Commission. In early 1965 the

t ig was published, and it appeared to

titute a defeat for the stubborn Con-

Mr. Tilden, a writer and an editor in

the nation's capital, often contributes
columns that pertain to government
legislation and our natural resources.

ference. In its "green light" to the utility

to commence construction, the Commis-
sion said that "on balance the issuance of

a license appropriately conditioned to

avoid unnecessary harm to the landscape

or to other public or private interests . . .

is desirable and justified in the overall

public interest. . .
."

Conservationists had argued in vain

that there were alternatives to the Storm
King project; that interties with power
sources in adjacent regions—Canada, for

example, which is looking toward New
England and New York as outlets for its

tremendous projected Hamilton Falls

power plant in northern Ontario—would
serve peaking power needs; that power
companies to the south that are using, or

plan to use. mine-mouth, coal-fired gen-

erating plants in poverty-stricken Appa-
lachia could furnish the needed peaking

power ; that a highly efficient gas-turbine

generating plant using surplus natural

gas (many are in use throughout the

country today) would serve as well or

better. This latter suggestion had been

advanced by the former chief engineer of

New York City's Bureau of Gas and Elec-

tricity, but had been rejected in the

FPC's 1965 hearing as "untimely."

But the Conference was not yet ready

to throw in the towel. It appealed the

FPC's decision to the United States

Court of Appeals for New York. In late

December of 1965 the utility's plans for

the project were halted when Chief

Judge J. Edward Lumbard and Judges
Paul R. Hayes and Sterry R. Water-
man set aside the FPC's licensing order.

The Court said that the Federal Power
Commission had failed to compile a rec-

ord sufficient to support its decision; that

the record on which it bases its determi-

nations must be complete; and that its

refusal to receive testimony in regard to

the gas-turbine proposal exhibited "a
disregard of the statute and judicial

mandates instructing the Commission to

probe all feasible alternatives."

Especially significant to the conserva-

tion world was this statement in the

Court's opinion: "The Commission's re-

newed proceedings must include as a ba-

sic concern the preservation of natural

beauty and of national historic shrines,

keeping in mind that, in our affluent so-

ciety, the cost of a project is only one of

several factors to be considered."

Not long after the Court's opinion was
issued, the FPC set a new date for hear-

ings—October 17, 1966. But just before

these lines were written the utility an-

nounced that it would take its case to the

Supreme Court rather than to the FPC
for new hearings. Conservationists will

await the Supreme Court's decision with

the deepest interest.
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The Primitive Life oj

Vietnam $

Mountain People
Occasionally in the news dispatches from Vietnam

there has been mention oj native tribesmen known

as Montagnards, or mountain men. The following

account of these little-known people is given by a

French anthropologist who lived among them for

about two years and was adopted as a member by the

tribe he describes here.

In addition to giving a general picture of the

Montagnards, the author tells of one of their most

distinctive traditions: the incest taboo.

hy GEORGES CONDOMINAS

The Montagnards of Vietnam are

a so-called primitive people:

that is, they follow an ancient way of

life in the mountainous jungle re-

gions that rise above the coastal

plains. Technically speaking, the in-

habitants of the coastal plains are the

Vietnamese proper.

Ethnic groups similar to the Mon-
tagnards are found throughout
Southeast Asia. All the plains people

of these countries have given derog-

atory names—"savage"; an equiva-

lent of the American "hillbilly";

"slaves"; and others—to their indig-

enous mountain tribesmen.

The adoption of local names for

the Montagnards has been a source

of confusion, so A. G. Haudricourt

and I coined the word "Proto-Indo-

chinese" to designate this whole group

of tribes that had found refuge in the

mountains of the Indochinese penin-

sula, from the Bay of Bengal to the

Gulf of Tonkin, and along the Chi-

nese frontier to Singapore.

But, except to ethnologists, these

tribesmen are still known by the

name given to them by the French—
Montagnards.

8

The Mnong Gar, who are the sub-

ject of this article, are one of the

most primitive tribes of the Proto-

Indochinese group. The other moun-
tain tribes call them the Phii Bree,

which means "men of the forest."

They occupy both banks of the mid-

Krong Kno, "The Male River" (in

Rhade language followed by the ge-

ographers), southern branch of the

upper Srepok River, a tributary of

the Mekong. Their habitat is a coun-

try of hills and mountainous foot-

hills, covered by jungle, bamboo
groves, and in places, dense forests.

This terrain, which harbors big game
—elephants, tigers, gaur (wild cattle),

deer of all kinds—is situated about

200 miles north of Saigon, just south

of the magnificent Daak Laak (Dar-

lac) Lake Basin, where a relatively

good road leads to the city of Ban
Me Thuot.

How Theii D.fress

The Mnong Gar dress essentially

the same as the other Proto-Indo-

chinese of Vietnam. For this entire

group, the most typical part of the

E

men's costume is the suu troat

which is a type of loincloth. It

made of a long, narrow strip of cl(

that is passed between the thighs I

fore being wrapped around the wa

and knotted at the loins. The m(

richly decorated end of the suu t)

any falls from the waist in fro

much like a narrow apron. The s

troany leaves the legs and buttoc

completely bare, and is often the oi

thing worn by the men during 1

day, although they may sometin

add a short, sleeveless tunic to the c(

tume. When cold comes in the e^

ning, they wrap themselves in lai

blankets and gossip in the courtyj

with their neighbors. The same bli12

I



t is used during tlie day to carry

ung children on the back, and at

jht as a cover during sleep.

The women wrap a skirt made of

rectangle of indigo-dyed cloth

Dund their waists. The two ends

erlap in front and are held in place

a narrow belt. They may go about

ked to the waist or wear a tunic,

ually long-sleeved. Imported,
jidy-made clothing is becoming
pular today, and the women often

y black calico skirts and white cot-

i 1 blouses. But it is the men who are

3st eager for European clothes—

bkets, shirts, overcoats, and capes.

I
ley are not interested in shorts, and

1 11 less in trousers.

Both men and women wear their

hair in a chignon, but today most of

the young men, and especially those

of enlistment age, cut their hair short,

"European style."

Both sexes adorn themselves with

many bracelets and necklaces. The
women decorate their hair with

strings of tiny beads arranged like a

diadem, and stick large hairpins of

various shapes in their chignons.

Men more commonly wear wooden
combs covered with tin, and on feast

days they add two red pompons.

The Mnong Gar mutilate their

teeth, for purely "esthetic" reasons.

They break the upper incisors and

file them to the gumline; the lower

jyLembers of the Mnong Gar tribe of

Montagnards take part in a ceremony
in a bamboo grove in interior Vietnam.

teeth are filed to a point. All the

teeth are painted with black lacquer.

The picture of the man of the for-

est would be incomplete without a

basket, a bush knife, and a bamboo
pipe. (The women also smoke pipes;

in addition, they chew on a sort of

"pipe cleaner" made of a long sliver

of bamboo, one end of which has

been frayed into a little brush. When
the pipe cleaner is drawn through

the bowl and pipe stem, the brush end
collects all of the tobacco juice.)

The basket {sah) is carried on the

back and held in place by two



braided rattan straps, which pass

over the shoulders. The bush knife—

the inseparable companion of all

Montagnards—has a short, wide

blade and a bamboo handle more

than a yard long. The knife blade is

fixed in the bulbous root of the bam-

boo, which has been prepared by

bending the root at right angles to the

bamboo shaft. Thus the bush knife

can be balanced on the shoulder,

with the blade turned upward {cover

photograph); the handle is usually

gripped while walking.

The Dwellings

What is most striking about the

Mnong Gar dwelHngs is their length

(at the village of Sar Luk, where I

lived, two of the houses measured

more than forty yards) and their

massive thatched roofs. In fact, the

roof is almost all that one sees. The
thatch slopes from either side of the

ridgepole, which is three or four

yards high, to about two feet from
the ground. Thus, the low, woven-
bamboo wall of the house is almost

completely hidden by the thatch. The
roofing is rounded at either end of

the house. The doors are hardly more
than low, narrowing openings in the

front wall, and above them are arches

of rattan that serve to raise the edge

of the roof so the people can pass

through the doors. Just under the

eaves, near the doors, are long, nar-

row chicken coops.

The area that surrounds each
house separates it from the one it

faces, and this area is generally kept

rather clean and neat. It is weeded
from time to time, and some people

KJ rain is harvested by Monlagnard
tribesman, above. The men of these

tribes mutilate teeth for "beauty."

even sweep the area daily. But, in-

evitably, it becomes a quagmire dur-

ing the rainy season.

Very close to certain of the dwell-

ings—those of the kuang, the "men of

power"—tower tall, straight, thorny

trunks of false kapok trees, Bombax
malabaricum (De Clercq). The tops

have been carved and crowned with

a twig of decorated bamboo. These
are the posts that have been used

for buffalo sacrifice. Some of the

older posts throw new roots and
again become tall, beautiful trees, a

living testimony to the prestige of

those who planted them. Sometimes,

in front of such a house, is an im-

mense, decorated bamboo, which
can shoot up to more than sixty feet,

thus completing the ritual decor.

The houses' interiors are dark ai!

almost empty except at the baci

where a third of the width is occupi«

by an enormous dais made of planl

or woven bamboo, which is about

foot off the ground and runs the ei

tire rear length of the house. Again'

the wall behind the dais is a row I

large jars. Over the large jars hai!

one or two tiers of little, neckle!

jars. The number varies with tl

wealth of the master of the hous

Each end of the large room, the wc

(which we shall refer to as the rece]

tion room), is bounded by an in

mense rice granary, set on four (

six strong stilts. These pillars are a

extension of the two lines of columE

that support the roof parallel to tl

ridgepole.
|

eirs like this in Krong Kno River at Vietnam village of
Sar Luk are bidlt by mountain tribesmen to lower the water
level, making it easier to net fish in basketwork scoops.

Women join fishing party, photographed by author in 1958.
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ich granary occupies only the

lie third of the width of the long-

e. The back third is occupied by

lais, part of which serves as a bed

:he master and mistress of the

e. This sleeping area of the dais

lineated by a board or a pile of

ets or boxes, which separates

area from the reception room.

front third of the longhouse is, in

rast, kept clear, except for a dish

, or, at worst, a neat pile of fire-

1. This front third thus forms a

dor through which passage from

;nd of the longhouse to the other

limpeded. Except for each ex-

(ty of this large dwelling, the

iries are grouped in pairs with

back partitions touching. It is

is point that the rial, or private

opens in the front wall.

le women do the cooking under

^ow floor of the granary on a

h composed of three cylinders

, of packed earth from a termite

s When all of the women in the

Mouse are cooking, smoke in-

d; every corner including the re-

3 3n room.

I ch granary belongs to one inde-

r ;nt family. If the family con-

tj^nly of a couple and their young

il"en, the family limits itself to a

\ ry with four pillar supports cov-

I a single hearth. But if the fam-

,
eludes several adults—a newly

led daughter or the widowed
er or sister of one of the couple

H granary has six pillars and cov-

/o hearths, one of which is used

e mistress of the house and the

by her proteges.

us each family's domicile is de-

ned by its granary. To refer to

someone's residence, one says hih

nam (house granary), whereas root

refers to the whole longhouse, which

contains several hih nam.

Agricultural System

Like most of the other Proto-Indo-

chinese, the Mnong Gar are semi-

nomadic farmers who practice miir,

a method of shifting cultivation that

consists of clearing a section of for-

est, burning what has been cut, and

sowing the paddy (rice grains) over

the field fertilized by the ashes. The
field is abandoned after one harvest

(sometimes, but rarely, two). In this

way the crops are moved almost ev-

ery year, and the same area is re-

planted only after a fallow period of

about ten or twenty years. When ar-

able land is too far away to be con-

venient, the village site may be

moved. But should an epidemic re-

sult in the death of several residents,

the village is always relocated. Village

sites that have been temporarily

abandoned can be identified by the

presence of fruit trees or edible

plants, such as a type of eggplant, and

by the rows of false kapok trees-

memorials to buffalo sacrifice.

These shifting cultivators can

reckon the passage of time only by a

spatial reference point—that part of

the forest that has been felled and

burned—in short, by the "eaten" for-

ests. In this way, they designate each

year by the name of the eaten forest.

When the Mnong Gar wish to calcu-

late the exact age of a child, for ex-

ample, they need only recall the name
of the forest eaten at the time of his

birth, break one twig for each of the

forests eaten since that event, and

count the total number of broken

twigs. The title of the book on which

this article is based. We Have Eaten

the Forest of the Rock Spirit Goo—
as translated from French—simply
stands for the year 1949 at Sar Luk.

It was in this village that I lived from

September. 1948, to February, 1950,

after several months traveling in the

region to learn the language.

Even without cultivation, the for-

est offers important sources of food:

wild vegetables and plants, such as

leaves of pae sei (Gnetiim gnemon),
bamboo shoots, and various tubers,

and game, which the Mnong Gar
usually trap. (But fishing is by far

a more important source of protein

than trapping.)

The Mnong Gar raise some
smaller animals for food: pigs, chick-

ens, dogs, and sometimes a few

ducks. Buffalo are very difficult to

raise and are usually bought from

other tribes and used as the sacrificial

animal of choice.

Commercial Activity

The tribe engages in other produc-

tive activities. Their basketry is of

excellent craftsmanship. This is man's

work. Weaving is done by women,
and it, too, is extremely beautiful.

Commerce is based on a complex

system of barter. Each article is

evaluated and paid for by a whole

series of barterable items: jars, pigs,

skirts, and buffalo. The most valuable

items, such as jars and gongs, are

not made by the Mnong Gar but, as is

the case with other Proto-Indochi-

nese and with Proto-Malays, are ob-

Tyypical longhouse, left, of the Mnong Gar tribe in Vietnam

has immense ihatclied roof tliat nearly obscures the walls

of woven bamboo. Mnong Gar village above is Sar Lang,

situated on a high plain about 200 miles north of Saigon.

II



Hoiorns of sacrificed buffalo are piled

near the outskirts of Mnong Gar village

of Sar Lang after Great Earth Festival.

Jy±nong Gar family, which had stored

its harvest in a temporary granary, is

now moving the filled baskets indoors.

tained by a long bartering circuit

from the plains people. To this sys-

tem must be added a type of Euro-

pean money, the Indochinese piaster,

which came into use a few decades

ago. The piaster has been replaced by

the dong, the official currency of the

Vietnamese state. Commercial and

all other Mnong Gar transactions are

always carried out in the presence of

at least one go-between (ndraany),

but more usually two.

Social Customs

As will become evident in the

course of this article, the jar occupies

a special place in Mnong Gar life, as

it does for the other Proto-Indochi-

nese. The jars are glazed pottery of

Vietnamese or Chinese origin, usu-

ally reddish brown. Occasionally the

word "alcohol" will be used to de-

scribe their contents, but in fact, this

term is something of a poetic exag-

geration. Rnoom is nothing more

than a rice beer that cannot really be

compared to either our distilled spir-

its or our wines. The beer mash
{coot), which is made of rice flour

and rice husks, is allowed to ferment

for several days (or at most about a

month) in a sealed jar (yang). If

there is to be a sacrifice, a sri

amount of coot is taken for Mv
anointment, and then the jar is ji

pared in the usual manner. Iiii

stuffed with leaves or sword gras;c

keep the fermented material on le

bottom of the receptacle, and then

is filled to the brim with water, 'le

quantity of water added varies fim

about one to ten quarts, depencig;

on the size of the jar. The rnddi\%

now ready, but before it can be dn k

it must be consecrated. A drinlig,

straw {gut) is stuck into the jaiis,

several verses are recited; care is

taken to insure that a few drops )f

water fall on the ground.

The beverage is drunk by dr;M

ing on one end of the gut, while e

other end touches the bottom of c

jar. The drink becomes alcoholics

the water flows through the 1-

mented mass. One drinker may it

be replaced at the jar by anot r

until the first has drunk two draus s

of rnoom. (If a singing contest i;n

progress, then the number f

draughts to be drunk, always evern

this case, must be equal to the ni-

ber drunk by the preceding contt-

ant.) In addition, the next drin r

does not take his turn until the -

sistant sitting at the opposite side f

the jar has added twice the contes

of a fire-etched bamboo tube, buff)

horn, or plastic glass that has ba
filled with water from a recepta;

by his side. Thus, as each drinir

takes his turn, the rnoom becon;

progressively weaker, and after a f

hours it is quite innocuous.

After having finished this artic,

the reader may come to the cone-

sion that the Mnong Gar are cc

summate drunkards. But the majc
ity of the days described here :

special occasions. Besides, I t

under the impression that the m
of the forest are not the only peoj:

in the world to douse a marriage

a wake. Not only is their only stro;

drink less alcoholic than any of o'

mass-produced commercial spiri

but, in addition, their opportuniti

to drink are considerably less fi

quent than ours. The Mnong G
only uncork a jar when they must p
honor to the spirits or to a visiti:

foreigner. More is necessary than d

satisfaction with water. To indul

in a drinking party without havi

a religious motive—merely for t

sake of social drinking or solitary ti

pling—is inconceivable to them.



i;fore their country was included

e political system of the French

Liial regime, the social space of

J
Vlnong Gar did not extend be-

) 1 the territorial limits of the vil-

j
Today, they are all included in

!;rarchy of administrative organ-

8 Dn maintained externally, but the

1 20 system remains as a substruc-

Each village includes three or

I 'sacred men in the forest and

ij/illage," who serve both as arbi-

\ for the collective rituals, such as

Kigrarian rites and village recon-

1 ;tion, and for the problems in-

) ing land—in particular, the selec-

:)
and apportioning of forest lots to

^aten.

. man becomes a kuang, that is, a

I . of power, when he has amassed

I agh possessions to immolate a

lalo. Each additional buffalo

lifice adds to his prestige, espe-

! y when an exchange of sacrifices

tn boh) is involved. An exchange

Sacrifices creates a strong alliance

cv-een the two celebrants.

he shaman, too, occupies a spe-

i position in Mnong Gar society.

shaman (njaii) is the intermedi-

I between the patient and the caak,

i malicious sorcerers, and the

aig, the spirits inhabiting nature.

i'he Mnong Gar family organiza-

i I is principally based on the mpool,

: ch we translate as "clan": that is,

roup of individuals who claim a

(imon maternal ancestor. The
I

I

name and the family possessions

transmitted, not by the father to

\ children, but by the mother to the

dren. For example, the members

:he clan Rjee belong to the clan

ause their mother, not their

; ler, belongs to it. Members of the

lie mpool may neither marry nor

i't sexual relations with each

) er. They are, in fact, considered

I listers and brothers if they are of

1 same generation; as fathers,

ithers, and children or uncles,

^its, nephews, and nieces if they

pong to two succeeding genera-

ins; and finally as grandparents and

2 ndchildren if they belong to two

iterations separated by a third. No
ri tter how far back the first common
Efiale ancestor may be found in the

gicalogy, two individuals that for

u wouldn't even be considered as

c isins call each other "mother" and

"lildren" or "brother" and "sister."

I is this situation that forms the

t;is of the tragedy to follow.

The 'Incest'' of Tieng and Aang

who Had A Common

Ancestor 15 Generations Ago

This account is taken essentially

unedited from my diary. It forms

part of Chapter III of the book,

Nous Avons Mange la Foret de la

Pierre-Genie Goo, published in 1957

by Mercure de France, Paris.

Vietnam, November 26, 1948

At a quarter to six in the morning

they came to take me to Krong-

Joong's house for the great annual

sacrifice, "The Blood Anointment of

the Paddy" {Mhaam Baa). He is one

of the sacred men in the forest and

the village at Sar Luk, and he ob-

serves and executes the rites most

meticulously. Yesterday had been de-

voted to a preliminary rite, "The

Taking of the Straw" {Sok Rhei) and,

like all the agrarian rites, it had

ended with a drinking party. This

drinking party will continue, with-

out letup, throughout the next few

days devoted to celebrations of the

agricultural cycle. The Blood Anoint-

ment of the Paddy comes as a bril-

liant climax to the end of the year.

When I arrived, Krong was pre-

paring the rice-flour paste that he

would use to paint geometric designs

on the pillars and beams of the gran-

ary, and then on all of his household

possessions. He was painting the jars

when Kroong-the-Big-Navel burst in

shouting: "Aang-the-Widow has

been lying with her brother Tieng!"

[The Mnong phrase was much more

crude.] Baap Can, who had been sit-

ting by the fire smoking, stared at

Kroong in bewilderment. He didn't

seem to understand. Kroong repeated

his sinister news. Then Baap Can

13



J^ike every Mnong Gar man on eve of

a harvest, Krong-Joong "announces his

harvest to people of the underworld"

(his ancestors) with token offerings.

turned to me: "Serious beng
[taboo]," he told me. "Sticking a

knife in a pot, beng; copulation be-

tween sister and brother, beng." And
he added, "The lightning strikes," and

with his hand he made the gesture

of cleaving his skull in two. Kroong
told us how he and Kraang-the-

Bladder had surprised the couple last

evening behind Chaar-Rieng's hut.

They had recognized Tieng at once

by the gleam of his tin comb, and

had shouted at him. The man had
bolted, dropping a hairpin from his

chignon. They had picked it up to

use as incriminating evidence. Aang,

who was drunk, had not moved. She

had just lain there, stretched out on
the ground.

"Who was it?"

"I'm drunk. I don't know."
"It was Tieng, your own brother."

"How should I know?"
Tieng had remained in hiding in

the bush. Meanwhile, some of the

other drinkers joined Kroong and
Kraang to question Aang, or to com-
ment on the scandal. No more had
been seen of Tieng last night. He
waited until all the curious had re-

tired before sneaking back to Chaar-
Rieng's hut. Chaar-Rieng was his

fcoony (mother's younger brother),

with whom he lived.

Aang-the-Widow could hardly be
called beautiful. She had a bad fig-

ure, was flat-chested and swarthy.

Yet, her expression was witty, and

what was rare for a Gar girl, her

eyes had an ardent expression. She

Uved with her brother Toong-Biing,

a calm, stolid fellow who was an ex-

cellent basketmaker, but terribly

poor. Her eldest brother, Sieng, also

widowered, lived at Little Sar Luk,

a hamlet of only one hut about two

miles from the village.

On the other hand, Tieng was one

of the handsomest men in Sar Luk.

He was always impeccable. His hair

was pulled tightly into a chignon, and

it was always decorated with a big

comb and a handsome, tin-plated

pin. He wore necklaces around his

neck, bracelets on his arms. His

apron loincloth was tied tightly

around his waist. When Tieng's wife

died, his uncle Chaar-Rieng went to

Phii Sroony to get Tieng and his five-

year-old daughter, Joong, and
brought them to Sar Luk to live. Ti-

eng's eldest brother still lived in Phii

Sroony, the family's original home.
I had been aware that Aang often

hung around Chaar-Rieng's place,

especially when his nephew was
there. I had only a vague impression

that they might be lovers; the Gar are

always very discreet. But I had quite

forgotten that they were of the same
clan. Aang and Tieng were both of

the inpdol Cil.

A few days earlier, when I was
working at my desk, I heard cries

from Toong-Biing's hut. I rushed

out and asked someone else who had
also been attracted what was hap-

pening. "Toong-Biing is beating his

sister," was the reply.

"Why?" I had asked.

No answer.

They told me the reason today.

Biing, the wife, had been scolding

Aang for flirting with her brother

Tieng. Aang not only told her to

mind her own business but, when
Biing continued to reprimand her,

Aang slapped her face. When her

husband returned, Biing told him
what had happened. Toong was
furious and gave his sister a good
beating. So, although people had
been aware of the incestuous rela-

tion betwen Tieng and Aang, nobody
had yet caught them at it.

Baap Can had recovered from his

astonishment. He was now bursting

with indignation.

"The lightning strikes," he said,

"when sister sleeps with brother.
.

.

It strikes not the guilty, but the les-

ing men of the forest and village. J

The dragon flays . . .

the tiger devours . . .

the elephant impales

the sacred men in the forest and li

village. It is a very serious matt

The offenders must saa e' [eat exc

ment] of pig, dog, hen, duck,

man."

I asked him: "You mean rea

eat?"

"No, only lick with the tip of

tongue. Then the rain will stop. Il

beng for sister and brother to sle!

together. When the couple are of

ferent clans, though, it isn't beng.

Baap Can was convinced, as w(

the others, that once the expiate

sacrifices had been performed, th(

incestuous relations could not lead

a birth. [But Aang gave birth to a si

in July, 1949.] Nevertheless, inci

brings the threat of unnatural dea

to all people of importance: that
,

not only to the traditional kuang, t;

to people like Truu, the canton he

living at Sar Luk; his deputy; a,

even to me, because I am closely i

volved in the life of the village. Inci

disturbs the order of nature. The rr

will dig deep ravines, cause Ian

slides. Water will gush from the earl

The celebration of Mhaam B
was not interrupted by the disclosu

of the scandal, but the incident

Tieng and Aang was to provide a su

ject for discussion in every home an

for Baap Can, an opportunity to di

play his learning. He would sing t i

"verses of justice" {noo ngoi doih

blaming the couple for their obs

nacy and emphasizing the horror ai

disgust aroused by their misconduc

About ten o'clock, Krae, the hea

man of Bboon Rcae, turned up

Sar Luk completely drunk, bawlii

and gesticulating, his eyes bloodshc

(Bboon Rcae is an administrati'

area formed by Sar Luk and nearl

Paang Dong.) He was of the mpu
Cil and went into a fury when 1

learned what had happened in h

clan. He burst into Chaar-Rieng

house in a drunken rage, shrieking
'

"We must tie them up! Bring them I

trial immediately." Then he ran, staj

gering to the canton deputy's plao

still shrieking, "Tie them up."

Baap Can arrived and tried 1

calm him down. He declared that th
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] )le could not be tied up, that they

j dn't even be judged on the spot,

he improvised these lines:

rink well, eat well,

>iiwirow we will pass judgment,

runk with beer, drunk our body,

HI would take no account of it . .

.

>niorrow we'll all question them.

'.ijii^ has made love with Tieng.

is song explained that people

J busy with Mhaam Baa today;

should drink and have a good

i. Tomorrow would be time

jgh to settle the matter. There is

me for everything. {Yoo is a

png word by which they had

'led me—fully, Yoo Sar Luk.)
'. ut Krae would not be dissuaded.

;o one would listen to him, he

Id tie them up himself. He would
i; them to the lake. He was, after

a headman and a Cil. I, too, tried

et him to listen to reason, but he

idnued to argue. Finally, someone

;>ed the problem by sitting him

n in front of a jar. After drinking

jiill, he fell asleep.

)uring the morning the sky had

cened. The storm broke at about

in the afternoon. We were to

s four days of torrential rain

ken only by periods of drizzle;

,r somber days without a ray of

shine on a sea of mud and water.

;r and over a lamentation was

rd: "Rain, terrible beng; love-

iking [again, their term was more

thy] between sister and brother,

in."

VEMBER 27

The Mhaam Baa sacrifices went

We were at the venerable Toong-

Ing's house. He was speaking of

terday's downpour, today's

satening weather, and the drizzle.

doubt there would be a devasta-

l deluge. Such were the conse-

;nces of incest.

Taang, eldest brother of the of-

j
ding Tieng, arrived a short time

t) from Phii Sroony. He has gone

m Chaar-Rieng to the residence of

tang-Jieng-the-Stoop-Shouldered,

ihest Cil in the village. The two

|n seemed weary, depressed by the

sDrmity of Tieng's offense. Never-

I'.less, Chaar competed with Baap

|n in reciting the Cil clan geneal-

ies (Baap Can's father was also a

[). Sieng-the-Widower and Toong-

'.ng, who were too poor to manage

2n a proper Mhaam Baa, were

squatting discreetly in a corner. They

were crushed by what had happened.

This evening it was the canton

chief Truu's turn to perform his

Mhaam Baa. I was greatly surprised

to find Aang serving the company,

bringing tubes of rice beer to the vari-

ous guests. She moved among us,

naked to the waist, and wore no orna-

ments. Her skin seemed a little

darker than usual. Was it shame, or

the result of having drunk too much

last night? Her gestures were clumsy

when she attempted to mix with the

others, but she didn't seem dejected

in the least. Rather, she appeared to

be surprised by all the commotion

her affair had caused. Moreover, the

discussions went on in front of her,

as if she were not there. Everyone

was scornful of the mpool Cil; even

Truu, whose father was a Cil, spat on

the ground to show his disgust.

Somewhat later in the evening

Tieng appeared. He had not been

seen since the night before last. It

was his uncle's turn to make the sac-

rifice, and he had come to invite us

to drink at his place. Handsome
Tieng, usually so elegant, was com-

pletely undone. He was wearing none

of his ornaments; his hair was dishev-

eled and his features drawn. His

eyes avoided ours. He hadn't dared to

raise his voice for the invitation.

Ixeceiving the "feeding exchange" in a

cerenwny of "exchange of buffalo sac-

rifices" is Baap Can, who is one of the

accusers in the Mnong Gar incest case.

November 28

The sacred men shared the gifts

among themselves. Each household

had given chicken legs and measures

of rnoom as a payment for their par-

ticipation in the rituals performed

during these two days of sacrifices.

All of the men of the village were

there because the division of lots in

the new mar would be discussed. In-

evitably, the talk came around to the

case of incest, and they speculated on

how Aang would manage to get a

pig for the sacrifice because her

brothers had none. Her brothers

have decided to go to work on a plan-

tation. The salary will be meager, but

enough to complete the sum neces-

sary to pay for the piglet. In addition,

Toong-Biing, an excellent basket-

maker, will weave me some carrying

baskets and winnowing baskets for

the Musee de I'Homme.

Bbaang-Dlaang, the sector chief,

came through Sar Luk to pick up

Truu and some of the young villagers.

He came to see us, and repeated what

he had told the old men yesterday:

Although the incestuous couple

would have to make the expiatory

sacrifices, they would not have to
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hf arly in the ceremony at riverside to

expiate the incest, Aang's brother

Toong-Biing prays before a small altar.

pay the fine. Normally a case of in-

cest is settled in the following way:

If the guilty couple is rich, they must

offer for sacrifice a buffalo with horns

a cubit in length (about half a yard).

And they have to provide five rnoom

between them. In addition they must

each give three large, old jars. This

entails a heavy expenditure. But if

the guilty couple is poor, they must

offer a pig with a five-span measure-

ment (the circumference just behind

the forelegs; a span is the distance

between outstretched extremities of

the thumb and middle finger), one

jar of rice beer, and two large jars

each, as a fine. The jars given in pay-

ment of the fine are shared among
the sacred men and the other kuang,

for it is the men of importance who
have the most to fear from the con-

sequences of incest.

Finally, around noon, Kroong-

Biing (known as Kroong-the-Short)

arrived. He was wearing a magnif-

icent coat of long black pile, cut in

the European style. Kroong-the-

Short is the "brother" (first cousin,

for us) of Baap Can and Truu, and

like them, his father was a Cil. He
is a renowned judge, a "man of great

learning," and he had been asked to

participate in the trial.

It was decided that since Truu and

the young men accompanying him
were absent, the group would proceed

only with the settlement of the Tieng

affair. Aang's sacrifice would be put

off until the district chief and his

companions returned. In actuality,

the affair had already been settled

during the discussions around the

jars. It now was only a matter of legal

and public recognition of the offense

and of carrying out the sentence—the

sacrifice.

When we arrived at Chaar-Rieng's

place, two medium-sized jars (yang

droh) were already tied to a stake.

One member of the group explained

that the two rnoom were Tieng's.

He had used the two yang droh be-

cause he didn't have a large jar; in

fact, one of the jars had actually been

given by Aang. The pig had been
firmly tied to a pillar by the hind legs.

It was squealing and struggling vio-

lently. One of the men pulled a long

straw from the roof, and with an-

i6

other man's help he took the piglet's

measurement—two spans and two

fingers.

The offending couple was then or-

dered to summon the whole village.

Aang was embarrassed and hesitated.

Tieng scolded her a little to work up

his own courage. He too seemed

afraid to take that step. Little by little

the house filled. The women, most of

them carrying babies in blankets on

their backs, slipped in and squatted

under the granary. Some of the men
settled themselves on the dais. Others

sat on their heels near the door. New-
comers squeezed in where they could.

Finally, Bbaang-Jieng-the-Pregnant

arrived. He is the sacred man who
keeps the ritual wood used to kindle

the fires in the clearing of the forest.

He was completely drunk and bawl-

ing vociferously. The theme of his

tirade was, of course, "lying together,

a sister and brother." He was not

alone in his drunken state; the drink-

ing straws have seen steady use these

last two days. Aang-of-the-Drooping-

Eyelid belched in my face that she

was drunk (and she was not to sober

up for two days). Bbaang-the-Stag

reeled after Bbaang-the-Pregnant,

waving his arms wildly in an effort

to keep his balance. The air had be-

come unbreathable, with so many

pipes and the rekindled hearths pn

ducing smoke that was trapped in tl

house by the rain. To this was adde

the odor of an alcohol-sodden crow

which had been drenched in the ra

before jamming itself into the hous

Tieng and Aang had returned b

fore everyone in the village had a

rived at Chaar-Rieng's place. Th(

finished filling the jars. Nobody pa

the slightest attention to them. Tl

least distracted of the audience li

tened to Kroong-the-Short recite tl

genealogy of the Cil clan in a quic

ening tempo. He started with Tinj

Mang who had four daughter

Loong; Jieng, ancestor of Choor
(ex-chief of the canton of Yon Dlei

Dloong, ancestor of Aang-thi

Widow; and Bo', the accused man
grandmother. The speaker rattli

off the generations of ancestors:

Dloong married Bbaang, bore

Grieng, Grieng married Kroong,

bore Ngmi, bore Ngaa, bore Sraan

bore Laang.

Laang. . . .

When he got to Sieng, Toong, an

Aang (the accused woman and hf

brothers), he started over again wit

Ngaa and recited the genealogy (

her father, thus coming to himsel

Kroong-Biing.



He recited this double genealogy

vith an amazing rapidity. By tradi-

ton, these recitations have become

ong poems. The first word of each

ine is formed by the last word of the

)rcceding line.

Taang from Phii Sroony took his

urn in reciting the genealogies. He
5 Tieng's brother (the same mother

nd father), and their genealogy is

he same as that of Chaar-Rieng,

heir maternal uncle, in whose house

his scene took place.

It is necessary to go back fifteen

fenerations to find the offending

ouple's common ancestor, Ting-

dang. Actually, I was the only one

have troubled to make this calcu-

ition; the sole objective of these gen-

talogical recitations is to provide a

Drmal demonstration of what every-

,ne has been convinced of all along

—

le couple are brother and sister.

The discussion turned to the pro-

cedures to be followed for the sacri-

fice. It was the drunken Bbaang-the-

Stag and Bbaang-the-Pregnant who
proved to be the most shrewd. They
were the only ones to think of a most
important matter, the claiming of the

gifts given by the lover to his sister.

"Necklaces, bracelets, rings, little

bells . . . must all be brought to the

watering place," bawled Bbaang-

Jieng, guffawing with satisfaction.

But Tieng was hardly rich, and the

only gift he had given Aang was a

small, rectangular box containing a

mirror, called khoop in Mnong. The
khoop was added to the hairpin that

Tieng had lost when the couple was
caught.

Sieng-the-Widower, Aang's eldest

brother, tried to give a scoop carved

from an internode of giant bamboo
to one young man after the other in

the group. He wanted them to use it

to collect human and animal excre-

ment. They all refused, recoiling. The
most outspoken of the young men ex-

claimed: "Beng to pick up dung."

One of them explained: "We are

afraid of contagion. We're afraid

that lightning will strike us or make
us sick."

Another said: "To take the dung
of pigs, dogs, man, buffalo, chickens

... it is sacred [iveer]. We're afraid

of soiling our hands."

So I said to them: "But you col-

lect it to fertilize the vegetable beds."

[At the time I was trying to introduce

fertilization—without success.]

"For the vegetable beds it is not

sacred, but ordinarily it is sacred."

Faced with the refusal of all the

young men, Sieng-the-Widower de-

cided to collect small samples of the

different excrement himself with a

piece of wood. "A little bit of each,"

Kroong-the-Short told me.

The accused couple did not have
a buffalo horn, so instead they filled

two bottles with rice beer. Tieng gave

his bottle to Toong-Biing, Aang's
second brother, who was carrying a

hollowed-out gourd bottom contain-

ing beer mash and pieces of charcoal.

When it was time to leave for the

ceremony, Aang began to protest: "I

was completely drunk. I didn't know
what I was doing. ... I didn't under-

stand what was happening. ... I

didn't know who was covering me."
Her face darkened, and she be-

came more and more obstinate.

Tieng was as limp as a rag, but he
made a half-hearted show of urging

his sister to get on with what had to

be done.

It was still drizzling. Early in the

afternoon, Tieng carried the piglet

down to the watering place, followed

by all the villagers, slipping and slith-

ering in the mud. At the junction of

the tributary Daak Mei and the river

Krong Kno, Toong-Biing cut a bam-
boo stalk into three. He took a piece

and frayed one end into a tassel,

sharpened the other end into a point,

and cut a notch in the middle. He
prepared another of the bamboo
pieces in exactly the same way and
stuck both of them into the border of

the path that ran above the level of

the river. He took the third piece of

bamboo, frayed both ends, and set it

Co.onvicted couple is "fed" with excre-

ment of pig and dog. Tieng is at the

left, nearly hiding his "sister" Aang.
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in the notches of the two upright

sticks. He had thus made an H-

shaped altar, plumed at the top and

crosspoints.

While Toong-Biing was construc-

ting the altar, the young men immo-

lated the victims. They slit the pig's

throat and caught the blood in a large

Vietnamese bowl. They poured some

of the blood from the bowl over the

beer mash and charcoal in the gourd,

which Toong-Biing held. They cut a

duck's throat over the same gourd

and then allowed the blood to drip

into the watering place. Finally, they

slit a chicken's throat over the water-

ing place and covered the wound
with beer mash. When the mash had

become soaked with blood, they put

it in the gourd. Thus the gourd con-

tained charcoal plus the elements of

each offering: beer mash soaked in

the blood of the three victims.

Toong-Biing set the gourd down at

the base of an upright stake and in-

toned a prayer.

The offending couple came for-

ward. With the thumb and index fin-

ger of the right hand they took some

of the pig's blood from the large 'Viet-

namese bowl, then the blood of the

duck and the chicken by passing

these two fingers over the open

wounds of each of the victims. Aang
and Tieng went into the water to-

gether and made an invocation.

When it was finished, they dipped

their bloodstained fingers into the

water, rubbing them together. Mean-

while, Toong-Biing, still squatting,

had gone on praying;

One cannot copulate with his sister;

do not hold it against lis, O Spirit.

One cannot exchange sacrifice

with his ancestor;

do not hold it against us, O Spirit.

One cannot marry, if maternal

uncle and niece;

do not hold it against us, O Spirit.

One cannot fight, if father and son,

if termite and termite nest;

do not hold it against us, O Spirit.

He anointed the right nsoom
(tassel) and then the ground. From
time to time, Baap Can or another

old man recited some verses aloud

with Toong, without moving from

his place.

Sieng put the gifts given to each

other by the lovers into the bamboo
scoop containing samples of various

excrement, and poured rice beer over

the whole thing. Then he placed a

chicken feather and a duck feather

toward the front of the scoop. Now
they were ready to proceed with the

siam e' siir, siam e' sau ("giving the

excrement of the pig and dog to be

eaten"). As the guilty couple waded

into the middle of the river, Tieng

pretended to jostle Aang to make
her go ahead of him. Krong-Joong,

the sacred man, went into the water,

followed by Sieng carrying the bam-

boo scoop. Krong-Joong placed him-

self in front of the two offenders, at

an equal distance from each. He took

a feather and dipped it in the revolt-

ing mixture and drew the feather first

across Tieng's chin, counting "one,"

and then across Aang's chin, "one,"

then back to Tieng, "two," and Aang,

"two," and so on, eight times. All

the while, Krong-Joong intoned a

long invocation principally intended

for the dragon (water) spirit. From
the beginning, the backs of the of-

fenders had been turned to us. Each

time the feather touched his chin,

Tieng was doubled over by violent

retching; Aang did not flinch once.

When Krong had finished his in-

vocation, he threw the feather in the

water. Sieng emptied the contents of

the scoop in the river, then threw in

the scoop. Tieng and Aang washed

their chins, legs, and arms. Krong

was on the point of coming out of the

water without having purified him-

self when two or three people in the

group shouted to remind him of his

oversight. He then went back to

the middle of the river and washed

his arms and legs.

Toong-Biing had not stopped

praying during the ceremony. Fi-

nally, he poured rice beer over the

gourd containing the beer mash and

charcoal saturated with the victims'

blood. He went into the river carrying

a bottle of rnoom and the gourd, and,

keeping the gourd upright on the

water, he poured the rnoom into it,

praying all the while. Then he let it

float downstream and begged the

charcoal to bring the presents to

Yaang Rmeh (the dragon spirit) . He
finished by pouring the entire con-

tents of the bottle into the stream,

and returned to the river bank. Ev-

eryone went back to the village.

The drizzle, which hadn't let up

during the ceremony, became a vio-

lent downpour toward the end. But in

spite of the rain, the remains of the

sacrificed animals would be burned

out of doors, because, for this type of

sacrifice, it is forbidden to burn the

I

victims indoors, as is normally dont

with small animals.

The crowd had gathered again a

Chaar-Rieng's house. The jars were

to be consecrated, and this is the of

flee of "those who have dealt justice.'

Kroong-the-Short and I were givei

the first jar. Krong and Bbaang-the

Pregnant took their places at the sec

ond jar. We stuck our drinkin:

straws in the jars, with many invoca

tions referring to the triple sacrific

just performed. I began drinking a

the first jar, and Krong at the second.

Then Bbaang-the-Pregnant tool

the Mnong bov/1 containing th^'

blood-saturated beer mash an(

went to his house, accompanied b

the offending couple (and me as ai

observer). The ritual wood for set

ting fire to the forest was to h
anointed. But it was in a large win

nowing basket that had been wedge
between a rafter and the roof, an

they weren't able to pull it ou
Therefore, they anointed not onl

the wood that protruded from th

basket, but the basket as well. Th
anointments were reinforced by i:

vocations; the only actors in thi

scene were the sacred men and th

offenders.

Kroong-the-Short had taken mi

place at the first jar, and he was sti

drinking when we returned from th

anointment of the ritual firewooc

He tackled Tieng. "You can't liv

here anymore. You must leave

marry elsewhere. ... I am yoi

koony; come and live with me. Yo
can gather the forest vegetables an

bring the firewood."

Taang from Phii Sroony backe

him up, saying to his brother: "G
with Kroong-Biing. Aang will loo

for another husband here. . .
." Bi

Tieng refused to answer his brothn

as he had his uncle.

Kroong-Biing wanted to get h

nephew to marry Grieng, a pretty gi

who had been pledged to him for

debt (no connection with the Grien

in the genealogy). When a free ma
marries a slave, he does not lose h

own freedom, but his children tal(

their mother's station, and a ma
must be a very hard worker if he is t

hberate his wife and children. Tien

is not. But that didn't seem to b

what was on his mind now or wh;

made him resist so stubbornly.

The fast-talking Kroong-Biing bi

came more and more persuasiv

boasting of his reputation and wealt'

[8



m
I iiiial of the Mnong Gar is "child's

i outing" seven days after birth.

n Its show son the tools he will use.

ie showed Tieng how pleasant hfe

Duld be with him at Ndut. Taang
mtinued to support Kroong-Biing's

oposal, stressing that the offending

I'uple must separate, that a tremen-

ais opportunity was being offered

his brother to be able to hve with

man of such reputation. Taang, at

at point, considered the problem
ttled, and even went so far as to

•vise Kroong-Biing to make sure

at Tieng would work hard. Tieng,

uatting among the men during the

ig palavers on his future, had not

id a single word. Behind his wall

' obstinate silence was refusal.

After half an hour of this, Kroong-
:-Short decided to change the sub-

.:t. He sang and dictated old songs

me. The songs, in which he
' asted of his amours, soon degen-
lited into drinking songs, and even
i o obscene ditties. There were loud
I rsts of laughter from everyone; the

inosphere was transformed.

Thanks to Kroong-the-Short and
I; rice beer, the company had re-

laxed completely. Even the offenders

found the new mood infectious.

Tieng, who replaced Aang in pour-

ing in the measures of water, had

found his voice again. He informed

Chaar-Rieng that this very evening

he would perform the sacrifice to lift

the taboo that was weighing so heav-

ily on himself and his family because

of his offense. And, when Aang came

to invite me to the sacrifice around

eight o'clock, she had the nerve to

appear at my house unaccompanied,

and being alone with me, she asked

for a cigarette. Not a woman in the

village had dared to go so far before.

All of the residents of the long-

house had gathered in Chaar-Rieng's

place, but hardly any of the other

villagers joined us. The events of the

day had satiated the curious, and the

thirsty had little more to hope for.

All that had been done was to pre-

pare a tiny neckless jar {yang ke' it)

that was put on the ground near the

dais. Near the little jar they placed a

chicken, whose legs had been tied to-

gether, and an empty yang dam
(taller than a yang ke' it).

Chaar-Rieng had brought his

leather pouch, which contained

magic quartz stones. He took them

out of the pouch and put them in a

Vietnamese bowl, which had been

placed at the foot of a little jar of

rice beer.

Tieng then slit the chicken's throat

over the bowl containing the magic

stones. Chaar joined his wife, son,

and little Joong (Tieng's daughter)

where they were sitting, just under

the granary. After allowing the blood

to flow copiously into the receptacle,

Tieng got up and anointed the fore-

heads of the other four members of

the household with the bloody wound
of the victim. Then he took the yang

dam in both hands and made eight

circles over the heads of the seated

group, pleading:

. . . Let the beams of the granary

hold fast,

let the pillars of the granary grow,

let the rice in the big pot cook.

The wild animals follow the night;

the kiiang follow the word,

the thunder follows at once.

In future let us seek for buffalo

every day,

let us seek for jars every month,

let us have rice and paddy every day.

He set down the little neckless jar

behind the group, but they made him

put it in front of them, and everyone

touched it in turn. Then Tieng spat

in his hand, touched the yang dam
and then the chest of Rieng (Chaar-

Rieng's wife), repeating the gesture

for the other three members of the

household (when the person being

anointed was a man, he touched the

forehead instead of the chest).

Tieng then left the group formed

by his maternal uncle's household

and went to the one formed by his

brother Taang, which included

Taang's wife and baby. They were
sitting on the dais apart from the

other group, because coming from
the forest they could not receive "the

whirhng of the jar above their heads"

at the same time as the people from
the village. He began the same per-

formance with them. Meanwhile,
Chaar put away his blood-anointed,

magic stones.

Finally, with the assistance of his

brother and uncle, Tieng consecrated

the tiny yang ke' it next to the dais.

The three men coughed slightly and
flicked the surface of the water in the

yang ke' it to sprinkle a few drops of

water on the ground. Tieng sucked

some rnoom into the drinking straw

and closed the top end with his index

finger. He then went about sprinkhng

drops of rnoom "on the head of the

door and on the heads of the hearth-

stones," repeating his previous

prayer. He went back to his two
companions, gave the drinking straw

to his brother, and took the Viet-

namese bowl. With the blood it con-

tained, he anointed the top of the

door, the tops of the hearthstones,

and the jars. Meanwhile, Taang stuck

the drinking straw into the yang ke'

it. Then he and Chaar repeated the

formulas of the vows together.

Now everything was in order.

Tieng had cleansed the community,
which had been stained by his incest,

and purified his uncle's household

and that of his brother of the evil he

had brought upon them. His offense

had been washed away. He had been
tense during the performance of the

rites. Now his face relaxed. He was a

liberated man.

POSTSCRIPT: Poor Tieng's peace

of mind did not last long. The next

day he was found hanging by his

loincloth from the roof beam of

Chaar-Rieng's granary. Perplexed as

to how to remake his life, perhaps

unable to face separation from Aang,

he had committed suicide.
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ringbok
Lyre-shaped horns and dark markings

its body and face make springboks amoi

the most beautiful animals on the plain

South Africa's symbol is subject of new conservation researc

By R. 0. BiGALKE

To Thomas Pringle, a South Afri-

can nature poet of the nineteenth

century, the springbok was a symbol
of the wild arid plains of the Karroo.

In "Afar in the Desert" he wrote:

"O'er the brown Karoo where the

bleating cry

Of the springbuck's fawn
sounds plaintively;

And the timorous quagga's shrill

whistling neigh

Is heard by the fountain at twi-

light grey. . .
."

Gradually the springbok has come
to symbolize South Africa itself. The
country's international cricket and
rugby teams play as the Springboks;
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in war its soldiers bear the nickname.

For the origin of the name we must

go back to the seventeenth century,

when the Dutch East India Company
founded a provisioning station at the

Cape of Good Hope. There its officials

met wild animals quite new to them.

Some they named after familiar Euro-

pean species. The largest antelope was
given the Dutch name for the Euro-

pean elk, "eland." The oryx was quite

incongruously called "gemsbok" after

the chamois, which is "gems" in Dutch.

However, the few European names did

not go far among the many different

members of the South African fauna,

and some of the unfamiliar creatures

were simply named after their out-

standing attributes. Hence springbok-
jumping or springing buck.

?

It is the only species of the geni

Antidorcas. The specific name niars\

plaits (from marsupium, a pouch)

fers to the dorsal mirror, or "fan,"

long white hairs that extends from tl

center of the back to the tail. When I

rest they lie in a pouch, as it wei

largely hidden by the light brown j

lage of the back. In play and certa

other kinds of behavior, the hairs

the mirror are erected and blosso

out into a showy, white, fanlike run

patch that is an important commui
cation signal. (This is not unlike t

"rosette" of the American pronghoi

described in Natural History, A
gust—September, 1960.)

The dorsal mirror is one of two si

nificant characteristics that justify t

taxonomic separation of the sprli
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k from its nearest relatives, ante-

36 of the genus Gazella. The gazelles

riere are ten African species), the

i ringbok, and several other forms

e usually placed in the tribe Antilo-

li of the subfamily Antilopinae, one

many subfamilies into which the

•ge family Bovidae is divided.

! The other characteristic peculiar to

]3 springbok is that it has only two

irs of lower premolar teeth, instead

the three pairs found in most other

;mbers of the bovid family. The
ssing teeth are the first in the bat-

\ of grinders, but morphologically

ecause the full mammalian denti-

'11 has four premolars) they are the

iind premolars. They appear in the

Ik dentition but are not replaced

len the permanent teeth grow in.

me adults also lack the second pre-

)lars in the upper jaw. In a series of

\.r> skulls, I found these upper teeth

sent in about one half of the males

fl one quarter of the females. There

no apparent reason for this differ-

' ce between the sexes.

I have emphasized the things that

I the springbok apart. In most char-

ters, however, it closely resembles

i gazelles, and must be considered as

a modified gazelle. The fossil record

gives some information on the origin

of the springbok. During the middle of

the Pleistocene Epoch a number of ga-

zelle species, all of them now extinct,

lived in southern Africa. Rock layers

dating from either the Upper Middle

or Early Upper Pleistocene contain

bones that may possibly be those of

springbok, but the earliest certainly

identifiable fossil remains of the spe-

cies date from the Upper Pleistocene,

and are thought to be between 20,000

and 40,000 years old. By that time all

but one of the true gazelles seem to

have died out in South Africa. The

surviving species, Gazella bondi,

which may in fact have been a small

form of Antidorcas, was contempora-

neous with the springbok for a time,

but when it, too, became extinct, the

springbok remained as the only repre-

sentative of the gazelline group in the

southern part of the continent.

The springbok is found in the

dry, open country, separated from its

(geographically) nearest relatives in

the northeast by a "gazelle-free gap."

Grant's and Thomson's gazelles come

down only as far as northern Tanza-

nia, 1,000 miles north of the northern-

most limits of the springbok's range.

The gap is a swath of more or less

wooded country, the southern savanna

zone, which sweeps across the conti-

nent and separates the arid and open

southwest from the remarkably simi-

lar habitats of east-central and north-

east Africa. In zoogeographical terms,

the springbok is largely confined to

the southwest arid zone, while the Af-

rican gazelles proper occupy the So-

mali and Sudanese arid zones, a few

also extending into the Sahara Desert.

STUDENTS of zoogeography have

found that the woodland belt of

the southern savanna zone interrupts

the distribution of a variety of groups.

It is now generally agreed that such

discontinuous distribution is the result

of past climatic changes. During the

warm, dry phases of the Pleistocene,

the arid plains of southwestern and

northeastern Africa appear to have

been linked together by a dry corri-

dor, along which an exchange of

fauna took place. The hyperthermal

phases alternated with hypothermal

periods, when cooler, wetter condi-

tions favored the growth of luxuriant

vegetation that closed the "drought

corridor." The last time this passage

was open to dry-country animals may
have been 25.000 years ago. After its

closure, gazelles could no longer move
southward from their northern center

of distribution. The springbok must

therefore be presumed to have lived in

isolation from its relatives for some-

thing like 25.000 years.

When colonists first arrived at the

Cape, the attractive and abundant

springbok drew a great deal of atten-

tion with its showy habits. Many nine-

teenth-century hunters and travelers

described the spectacular mass move-

ments, or "treks," of springbok across

the semidesert plains of the South Af-

rican Karroo. My favorite account of

the "trekbokke" is the one written by

the Scots hunter Roualeyn Gordon

Gumming. In December, 1843, he re-

corded: "I beheld the boundless

plains, and even the hill sides which

stretched away on every side of me.

thickly covered, not with 'herds,' but

with 'one vast herd' of springboks: far

as the eye could strain the landscape

was alive with them, until they sof-

tened down into a dim red mass of liv-

ing creatures." Gumming believed

that "some hundreds of thousands of

springboks were that morning within

the compass of my vision." Yet an old
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Dorsal, white hair patches stand erect

when animal plays or becomes alarmed.

Boer hunter told the Scot that he had

seen, and ridden for a whole day

among, even greater concentrations of

the animals.

Certainly tens of thousands, prob-

ably hundreds of thousands, and per-

haps sometimes even the millions of

animals mentioned by some of the old

writers were involved in the irregular,

but not infrequent, eruptions. One

may well speculate about the causes

for this behavior.

MANY theories have been advanced,

and a perceptive amateur natu-

ralist, Cronwright-Schreiner, has

brought together all the early written

material about treks. He also saw the

last of the classical treks in the Prieska

District of the northern Cape Province

in 1896, and was therefore drawing in

part on his own observations when in

1925 he wrote in The Migratory

Springbucks of South Africa, "The

treks do not seem to me to be instinc-

tive in the sense in which instinct is

seen at work in the annual migrations

of certain birds, but rather to be the

erratic movements, in search of food

and perhaps water, of large numbers
of gregarious creatures inhabiting a

vast territory which is subject in vary-

ing parts to annual droughts . . . but I

do not think this explanation neces-

sarily excludes other and obscure phe-

nomena of an instinctive kind from
being to some extent operative."

The areas in which the classical

treks took place have long since been
settled and fenced, and although

springbok still occur there, only small
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herds exist, and their movements are

confined. But in the few remaining

places where the animals occupy large

tracts of wild country, they still aggre-

gate into splendid masses to wander

restlessly and unpredictably, appar-

ently in the wake of rainstorms, which

bring on a flush of green vegetation.

In the vicinity of the Etosha Pan in

northern South-West Africa I have

seen tremendously impressive congre-

gations of about three thousand.

But they hardly bear mention by
comparison with a trek that took place

in the Kalahari, on the border of Bech-

uanaland and South-West Africa, in

the winter of 1959. It was estimated

by a few local officials that between

eighty and ninety thousand animals

were massed, a sight I would have

dearly liked to have seen.

Because they traversed sparsely

populated country, no one was on the

spot to study the movement. (Actu-

ally, biologists have only recently be-

gun to study the national animal in the

field.) Professor F. C. Eloff of Pre-

toria University collected reports on

the 1959 trek, and his views on the

causes are quite similar to those of

Cronwright-Schreiner quoted above.

Eloff notes that treks do not seem to

follow a regular pattern, and that rain

and grazing conditions are apparently

the most important causative factors.

He says: "Local belief is that wind and

the antelope's sense of smell play an

important part in initiating mass

movements."

My own studies have led me to

similar conclusions. I have worked
mainly on large, fenced farms, one of

them 30,000 acres in extent and the

i
other with an area of about 100,G0( <

acres. Both are in an arid region witl

15 inches of rain a year. The rainfal

is as likely to be below the average a

it is to exceed it and occurs as scat

tered thunderstorms in summer (Sep

tember to March). As widespreac

general rain is exceptional, it ofte]

happens that only a small part of

farm gets rain and has green vegeti

tion, while the rest remains dry. I

such times virtually the whole spring

bok population concentrates on th

green area. Subsequent rain in ar

other corner of the farm causes th,

animals to move there. We have, as

result, a small-scale model of a trek.

.

bigger population of springbok occi

pying a larger area and behaving i

the same way as my farm anima

would perform a full-scale trek.

It sounds like only common sense

say that springbok concentrate wher

their food is most abundant and mof

palatable, and that treks are therefoi



iimply movements in response to food

leeds. This is to confuse ultimate with

3ioximate causation. We have yet to

liscover exactly what stimuli bring

lerds together into masses and set

hem off to unknown green pastures.

"robably involved is hypersensitivity

a stimulus such as the smell of rain,

prought about by living for many
iionths on dry pastures. Social facili-

ation may also play a part, the be-

lavior of one group nearest the thun-

|lerstorm triggering off a following

eaction in the next group, and so on.

"he Bushmen who live in the Kalahari

lave a simple explanation. They say

ihat the animals follow thunder and

ightning!

To put the springbok treks into per-

pective, I should say that antelope

uch as hartebeest and gemsbok living

n the same areas also congregate in

umbers on new pastures. In other

arts of Africa, spectacular mass

lovements of plains animals are well

nown. The wildebeest migration on

le Serengeti Plain is but one other

xample of a behavior pattern shown

y many species of gregarious herbi-

oies in the drier parts of Africa.

The big treks reduce the numbers

f springbok considerably. In the old

ccounts, one reads of herds crossing

ivers on bridges made of the bodies

f the leading animals, which had

een forced in by the pressure of those

ehind. On at least one occasion a trek

nded in the Atlantic, and thousands

f carcasses rotted along a thirty-mile

;ngth of the west coast of South Af-

ica. Predators followed the herds and

robably killed far more lavishly than

ley were normally able to do. Since

eks have presumably been a normal
iature of springbok life for thou-

sands of years, they must have been to

the advantage of the species. The ulti-

mate benefits must have outweighed

the disadvantages stemming from

temporary decimation of the popula-

tion, and trekking must have been bio-

logically worth while if there was se-

lection for this kind of behavior.

One may go on to inquire how an

advanced mammal with an efficient

system of reproduction, bearing only

one young at a time, can afford the pe-

riodic, wasteful extravagance of a

mass movement that decimates its

numbers. Such a species can, after all,

only increase infinitely slowly by com-

parison with, say, a small rodent bear-

ing large litters every month or two.

MY studies have shown that the

springbok is a fecund animal

with a capacity for reproducing at a

high rate under favorable environmen-

tal conditions. A female is physiologi-

cally capable of conceiving a lamb in

the first autumn of her life, when she

is about seven months old. The gesta-

tion period is about five and one-half

months, so that she gives birth on her

first birthday. I have written "is cap-

able"; whether or not the potential is

realized seems to depend at least

partly on external conditions. I exam-

ined springbok uteruses in three suc-

cessive winters, and in only one of

them were yearlings—20 per cent of

the sample of that age—found to be

pregnant. In the same year, 94 per

cent of the sample of adult ewes had

conceived, whereas the proportions in

the other two years were only 79 per

cent and 71 per cent.

The correlation between a high

pregnancy rate in adults and success-

ful conception in some yearlings be-

comes significant when we look at the

weather conditions in the three years

concerned. The good breeding year

was preceded by a summer of above-

average rainfall that was evenly

spread, so that the vegetation re-

mained green and nutritious through-

out the growing season. Since we
know from studies on domestic ani-

mals that successful reproduction de-

pends very much on the animals' plane

of nutrition, it is reasonable to sup-

pose that good food was largely re-

sponsible for the great number of

pregnancies observed in springbok.

Weather, acting indirectly through
its effect on vegetation, seems to influ-

ence the rate of population growth in

another way as well. Springbok are

seasonal breeders, bearing the ma-
jority of their lambs in a brief period

of a few spring weeks in September or

October. There is also a second peak
in the birth curve at the end of sum-
mer, in March or April. Usually this

second lamb crop is a minor one, but

its size seems to be much more vari-

able than that of the principal spring

crop. It is conceived approximately

when the spring lambs are born. The
condition of the veld at that time ap-

pears to influence the number of suc-

cessfully mated ewes. This is inferred

because an unusually wet, green

spring preceded the one autumn in

four when an exceptional number of

lambs was born. The mechanism at

work is likely to be the same as that in

sheep, when they are "flushed," or put

on new spring grass, before being

mated. Expressed in simple terms, the

actively growing grass possesses estro-

genic, or female sex hormone, prop-

Herd movements often follow rainstorms,

when green vegetation quickly appears.



erties that will stimulate ovulation.

From my preliminary observations,

springbok behavior and social organi-

zation appear to be similar in many
ways to that of several other gregari-

ous antelope that have been studied in

Africa during the last few years. The

basic social grouping is the female

herd, in which adult ewes are accom-

panied by their most recent lambs.

Male lambs tend to leave these

mother—young assemblages when they

are about six months old, for that is

the time when the autumn rut sets in.

Actively mating adult rams are an-

tagonistic toward younger members

of their own sex, and the young males

run mainly in bachelor herds from

this time of year onward. In such

groups there may also be adult males

and, indeed, bachelor herds are some-

times made up only of adult rams.

Solitary males are commonly seen

during the dry season, and it is likely

that they occupy territories from the

onset of the rut in about April until the

start of the rains. From then on, mov-

ing about after succulent food be-

comes the most important activity,

and a mixing and moving and break-

down of social groupings is apparent.

The absence of a rigidly fixed pattern

of behavior would, of course, be a

valuable adaptation to life in dry

areas, where plasticity and opportun-

ism enable an animal to take advan-

tage of temporary sources of nutri-

tious food.

THE end of the summer rains marks
the onset of the rut. Now one

sees small groups of about 15 to 35 fe-

males, made up of mothers and their

female lambs born half a year earlier

in the spring, each group tended by a

mature male. It is not yet clear if what
are seen as harem herds in the charge

of a ram are not, in fact, bands of fe-

males temporarily sojourning in one

of the many male territories they may
visit. Such is certainly the case in the

Uganda kob and in the wildebeest,

both of which have been studied. Rut-

ting males grunt and bellow loudly on

a rising scale, repulse other males that

may approach the harem, and chase

oestrous ewes in the first stages of

courtship. Five and a half months la-

ter the young are born.

For the first few days after its birth,

a springbok lamb lies hidden, and it

usually moves only when its mother
visits it to give suck. Once this initial

passive stage is over, the young congre-

gate in nursery herds and spend most

of their time resting together some dis-

tance from where their mothers are

feeding. The bond between mother

and young is weak by comparison

with, for example, a wildebeest, whose

calf sticks close to the heels of its

mother from the time it is strong

enough to do so. Even when the

springbok lambs are older and run in

the herds with their mothers, they re-

tain the tendency to seek out one an-

other's company. One often sees the

lambs clustered together as a sub-

group within the resting herd.

When a nursery herd of young
lambs is disturbed by a human ob-

server, it "explodes." The little ani-

mals rush off in all directions, dorsal

mirrors erect and displayed to full ad-

vantage by the stiff-legged, hopping

gait. The sight of scattering white

rumps is certainly confusing to the hu-

man observer, and I suspect that a

predator, such as a jackal, would find

it difficult to concentrate its attention

on any one lamb long enough to make
a kill. One might make a comparison

with the experiments of J. C. Welty,

who found that goldfish were confused

by very dense concentrations of the

water flea Daphnia. They kept going

after first one flea and then another,

with the result that they caught and

ate less than when confronted with

fewer prey animals.

The erectile mirror of white hairs

and the special gait displaying it may
be of survival value in the young.

Springbok lambs at play also "pronk"

(an Afrikaans word meaning to boast,

or show off) . That is, they move by a

succession of stiff-legged jumps with

the mirror expanded. Adults respond

to some, but not all, alarm stimuli with

this gait, and it elicits a quick re-

sponse, for a single pronking spring-

bok is enough to set off all others in

sight. Badly frightened springbok

running hard from a man do not usu-

ally pronk. They commonly adopt this

gait at the sight of a dog. Interest-

ingly enough, the American prong-

horn (Antilocapra) moves in the same
way when a dog comes near. Col-

leagues in East Africa have told me
that both Thomson's gazelle and

hartebeest pronk (or stott, the usual

East African term) when pursued by
hunting dogs, but abandon the gait

when the predators draw near. Pronk-

ing might well be a widespread re-

sponse of various species of antelope to

non-human predators.

In my study, stomach contents were

collected only during the winter

months of May, June, and July, the

time of the hunting season, when ma-

terial was freely available. We weni

through the painstaking procedures

used by students of herbivore diets-

sieving, sorting, and identifying plani

fragments. The result of analyzing

samples taken from the stomachs of 6c

animals painted a surprisingly coher-

ent picture.

Grasses were unimportant fooc

plants. Seldom was there more than a

trace of grass in a stomach, and of the

78 plant species that could be identi-

fied, only 3 were grasses. Perennial

herbs and chamaephytes (small

woody shrubs) together made up 6ft

per cent of the 78 species. Shrubs anc

trees constituted another 18 per cent

Nearly a quarter of the plant species

eaten belonged to the family Composi
tae, and a few small, woody shrubs o

this family made up the bulk of the ru

men contents.

IN
the region where I studied spring

bok, the perennial grasses cure oi

the stalk at the end of the growing sea

son. They stay nutritious during thf

winter and remain palatable to grazers

such as cattle. Springbok could there

fore live on grasses in the dry season-

they would obtain adequate nourish

ment. That those studied did nothinj

more than nibble at them shows tha

non-grasses are preferred. During thf

rainy season, on the other hand, greei

grass is eaten readily. A recent stud)

of springbok food habits throughou

the year has shown that the principa

food plants consist of 45 per cent grass

and 55 per cent shrubs.

At present, the springbok is prob

ably the most abundant small, open

country antelope in South Africa. I

has survived or has been reintroducec

on thousands of cattle and sheej

ranches, partly to provide hunting anc

partly as an additional source of in

come. Completely wild populations

are still found in Bechuanaland anc

South-West Africa. The total popula

tion is probably of the order of at leasl

a quarter of a million, and it may wel

be greater. Springbok are hunted foi

sport and, to an increasing extent, foi

the market. The venison is excellent

and the attractive skins are used tc

make decorative leather goods. Undei

reasonable conditions, about onf

quarter of the population can safely b^

removed each year.
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There is little reason to expect that

pringbok will decline seriously in

umbers or become extinct, particu-

irl\ because there are large numbers

f ihem in one nj.tional park and two

anie reserves. A major gap in our

nuwledge, from the point of view of

ractical conservation is the food in-

ike and productivity of springbok in

Comparison with that of sheep, the do-

lestic animal with which they most

ften coexist. The elucidation of this

Snd other problems Avill put conserva-

011 on a still firmer footing and will

,
isure a permanent place for this hand-

lome South African national animal

1 the open spaces of the country.
Fcmtilc spi in iibok shows its running gait If ildcbeest, hlcsbok. and springbok,

as it sprints across an Ajrican roadway. foreground, grazi.' on a reserve, beloiv.

If
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y
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SINGULAR
METAL
FROM

CINNABAR
Quicksilver lias served man since the da\Afn of history

by PAUL MASOIM TIL.DEN

THE heavy, brilliant white metal that appears in

the periodic table of the elements as number

80, mercury, commonly called quicksilver, was de-

scribed in 1746 by Englishman John Hill—author,

and translator of Theophrastus' treatise On Stones

—as "a Mineral of a perfectly singular kind."

In writing this, Hill was no doubt thinking of

the long time span during which men had used the

silvery element and its compounds in the arts and

medicine, and had referred to it in their philosophi-

cal speculations about the true nature of matter.

There are many references in antiquity to the

use of mercury and cinnabar in the arts and medi-

cine. Native cinnabar was the principal bright-red

mineral pigment used in the painting and ornamen-
tation of buildings. "But the painters use this for the

sumptuous adornings of walls," wrote the Greek
Pedanius Dioscorides in the first century a.d. On
the subject of the medicinal use of cinnabar he said

"But Cinnabaris has the same virtue that Haematitis

[iron oxide] had, being good for eye-medicines . . .

for it is more binding and blood-staunching ... it

heals burnings, and the breaking out of pustules."

He noted, however, that liquid mercury "has a per-

nicious faculty being drank. . .
." The Roman his-

torian G. Phnius Secundus wrote about 77 a.d.

that "this cinnabaris, too, is extremely useful as

an ingredient in antidotes and various medica-

ments. . .
." Among the "medicaments" of great

antiquity was calomel (mercuric chloride), used

as a laxative or purgative, according to the dosage.

There is good evidence that the ancients were also

Lump of cinnabar is seen on ring at right. To the left,

cinnabar in test tube is being heated over burner;

the mercury vapor, released by heating, condenses in

droplets on walls of the tube. Below, right, metal
is shown in large drops. Great care must be
taken in extraction process as vapor is extremely toxic.

famiUar with the other chloride of mercury—the
bichloride—which is a potent poison, nowadays
called corrosive sublimate in non-technical usage.

As a cosmetic the mineral must have been used
sparingly or only on occasion, for overindulgence
must surely have defeated its own purpose through
irritation and eruption of the skin. It was learned
early that this element and many of its compounds
are subtly, and in some cases violently, poisonous.

Perhaps Hill was thinking, too, of mercury as

a strange metal that existed as a liquid; one which,

he said, "penetrates the Substance of all metals,

and dissolves, and makes them brittle." Mercury
does, indeed, alloy itself to varying extents with

many of the other metaUic elements, notably gold

and silver. And we still often read that quicksilver

is the only metal that is liquid at "room tempera-
tures" or "ordinary temperatures," although this

is not quite true since neither of these terms has
exact scientific meaning. Two other metallic ele-

ments—cesium and galhum-might indeed exist in

their hquid forms in the well-heated rooms of many
American homes, having melting points in the low
eighties, Fahrenheit.

Mercury must have been known at an early date,

for during the course of an archeological dig at a
site in the Middle East, a grave dating from the
fifteenth or sixteenth century B.C. yielded a vessel

containing the metal. In addition, the written rec-

ords of the ancients are replete with references to

quicksilver. There is evidence that the Phoenicians,
far-ranging businessmen and exploiters of the early

Mediterranean world, were trading in Spanish
mercury as early as 700 B.C. Chinese records assert

that the mausoleum of the emperor Ch'in Shih
Huang-ti, who died in 210 B.C., contained a relief

map of China in which the ocean was represented
by a pool of mercury, and the Yangtze and Yellow
rivers by flowing streams of the metal. Aristotle

and his pupil Theophrastus, whose lives spanned
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Fifteenth-century smelting operation used double clay

pot with cinnabar in upper part (F). When heated, metallic

mercury dripped through layer of moss into lower pot.

parts of the fourth and third centuries B.C., wrote

about mercury, and Dioscorides left a fairly de-

tailed account of the way in which mercury could

be recovered from cinnabar, its most important ore.

It is worth noting that the smelting apparatus de-

scribed by Dioscorides for reducing cinnabar dif-

fered from that used today only in respect to

sophistication; not at all in principle. The recovery

of the metal from its sulphide, cinnabar, still turns

about roasting or baking the ore and precipitating

liquid mercury from the resulting vapor.

Today there are two general methods employed
in the distillation of metallic mercury from cinnabar.

In the first, the ore is heated in a closed retort to a

temperature high enough (about 1,200° F.) so that

the sulphur component of the cinnabar is oxidized

to the gas sulphur dioxide. The mercury component
is also vaporized; but while the lighter sulphur

dioxide escapes through the exhaust stack at the

upper end of the retort, the heavier mercury vapor
is discharged into a cooling tube, where it condenses
to its liquid form and is then drawn off.

In the second type of distillation operation,

the cinnabar is exposed directly to the flame of the

furnace in a slightly inclined, rotating drum. Both
sulphur and mercury vapors are drawn off at the

upper end of the furnace and forced through a

series of U-shaped cooling pipes containing water

at their lower ends; the mercury vapor condenses
in the water while the sulphur dioxide continues

through to be discharged to the air.

The roasting of cinnabar has always been at-

tended by certain hazards, and mercurialism, or

mercury poisoning, is one of the two longest-known
industrial diseases, the other being saturnism, or

lead poisoning. Thus, G. Plinius Secundus wrote

that "persons employed in the manufactories in

preparing minium [a word Pliny used to describe

both cinnabar and lead oxide] protect the face with

masks of loose bladder-skin, in order to avoid in-

hahng the dust, which is highly pernicious. . .
." On

the basis of modern evidence, loose bladder skins,

or, indeed, any other device to prevent inhalation

of Pliny's "dust," would have served only to slow

the process of poisoning, since the element may
possibly enter the body by way of the skin.

Through the centuries there have been many
other references to the malignant quaHties of

metallic mercury absorbed by the human body,

most frequently in connection with the reduction of

cinnabar by roasting. For example, Vanoccio Bir-

ingguccio, Italian mathematician and metallurgist,

noted in 1540 that mercury "has the property of

contracting the nerves of those workers who extract

it from the mine. . .
." The nerve contractions men-

tioned by this writer were certainly "the jerks" of

American mercury miners of a later day—tremors
and convulsive movements stemming from several

years of cumulative poisoning, usually preceded by
other symptoms such as loosening teeth, internal

hemorrhaging, salivation (an excessive flow of

saliva), increasing irritabiUty and changing per-

sonality, and pasty skin color.

Mercury is most actively poisonous in the form
of its vapor; but it ought to be remembered, es-

pecially by persons working constantly with the

fluid metal (as some laboratory workers), that the

element vaporizes to some extent even at rather

low temperatures—as low as 8.5° F.

The role of mercury and its chemical compounds
in modern life is a varied and far-reaching one.

Hollow vaulted chamber (A) contained furnaces similar

to (E). Mercury was separated from cinnabar as vapor that

condensed on the trees, and ran onto concave floor, right.

28



Ever since Torricelli, pupil of Galileo, invented

the barometer in 1643, weathermen have used the

metal in their attempts to forecast changes in the

weather. The mercury thermometer is still found
in the "httle black bag" of every physician. Con-
cerning the medical profession's use of the element,

C. N. Schuette, a former consulting metallurgist

with the Bureau of Mines, has written in a humor-
ous vein that "thirty years ago the American public

was unaware of the fact that it had a systolic blood

pressure, while today [1935] some 2,000 flasks

of quicksilver are being exercised daily by some
150,000 physicians in determining how high it is."

Dentists, of course, use considerable quantities of

mercury-silver amalgam in the cavities of their pa-

tients' teeth. Calomel, the chloride of mercury, has

been used as a purgative for some 2,000 years, and
bichloride of mercury is a potent poison and a

powerfully corrosive chemical that has long been

used as a disinfectant.

But by far the largest portion of the world's pro-

duction of mercury is utilized in ways that are not

so well known to the public. Pesticides and fungi-

cides, for example, consume their share of the ele-

ment, and special-duty batteries drink a modest

portion. The cold white lights so famihar in the

meat display cases of our supermarkets are actually

mercury-vapor lamps—low-pressure, long quartz

tubes containing mercury vapor that glows, under

excitation by an electrical current, with a rather

ghastly bluish-white hght. Along with the visible-

light output of the tubes is a rich flow of ultraviolet

radiation, to which the quartz tubes are transparent.

The ultraviolet retards spoilage of the butcher's

wares through its lethal effect on unwanted tiny

plant and animal life. The rock and mineral col-

lector uses the same kind of lamp, with an appro-

priate filter to block most of the visible radiation,

in exciting his mineral specimens into fluorescence;

essentially, the specimens are reradiating the invis-

ible ultraviolet at optically visible wavelengths.

The electrical and electronics industries account

for the lion's share of this metal today. The
element is a fairly good conductor of electricity, and
finds myriad apphcations in specialized switches,

controls, and other electronic gear for both earth-

bound and space-vehicle apparatuses. Although

mercury is not, strictly speaking, one of the really

rare elements, being present in the earth's crust to

the extent of perhaps two atoms in every thousand

of other elements, its occurrences are localized, and

demands of the electrical and space-age industries

have recently taxed the available supply sharply.

As a result, during the late spring of 1965, the price

of the metal reached an all-time high of nearly $8

a pound—more than $600 per steel flask of 76

pounds, the unit in which mercury is marketed. As
recently as 1950 the same flask sold for about $80,

a little more than a dollar a pound.

Although more than twenty mercury-bearing

minerals have been catalogued, all but a small por-

Simple type of furnace had pots (A) filled with crushed
cinnabar and ashes. As the heat released mercury from the

cinnabar, the metal ran into ashes, then was recovered.

tion of the world's total production of the metal has

always been won from cinnabar, the vermilion-

hued sulphide of mercury. As attractive cabinet

specimens, few minerals can surpass a brilliant

piece of cinnabar; from some localities come speci-

mens in which the clean red of the mercury ore is

splashed over a snow-white background of quartz

or calcite. There is a dimorph of mercuric sulphide,

commonly called metacinnabar (also metacinna-

barite, or b-mercuric sulphide), of undistinguished

gray-black coloration, occasionally found associ-

ated with the more common, or a-mercuric, sul-

phide. Metacinnabar is probably the most abundant
of the rarer mercury minerals, which are for the

most part of interest only to the mineralogist and
mineral collector. Among these minerals are tie-

mannite and coloradoite, the selenide and teUuride

of mercury, respectively; two oxychlorides of mer-
cury, terhnguaite (from the type locality of Terlin-

gua, Texas) and eglestonite; natural calomel, or

mercurous chloride; an oxide, montroydite; and a

sulphate, schuettite (after the expert mercury-min-
ing engineer Schuette, mentioned above).

The economically important ore cinnabar seems
to be associated invariably with those portions of

the earth's crust that have been subjected to vol-

canic action or to the influence of hot, minerahzed
water. Many nations have contributed to the

world's supply of mercury—Spain, Italy, Yugosla-

via, the Soviet Union, Mexico, the United States,

Canada, China, to name a few—but from both his-

torical and economic viewpoints, a single mercury
mine in Spain's province of Ciudad Real, the Alma-
den mine, must take precedence over all others.

The Almaden mine, feeding on cinnabar-satur-

ated quartzite lodes, has been a continuous pro-
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ducer of the metal for some twenty-six centuries.

Its total production of mercury will obviously never

be known, but it remains today as one of the world's

most productive quicksilver mines. At some time

after the first operation of the property by the

Phoenicians in the seventh century B.C., the Alma-
den fell under the expanding control of the Roman
Empire; thus in book 33 of his Natural History,

Pliny wrote that cinnabar came "from hardly any

other quarter but Spain; that of most note coming
from Sisapo," which was the district containing the

Almaden group of mines. "It is not allowable to

reduce and refine the ore upon the spot," he con-

tinued, "it being brought to Rome in a crude state

and under seal, to the amount of 10,000 pounds
per annum." Pliny also mentioned that the agents

who shipped the ore to Rome were in the habit of

mixing the cinnabar with red lead, which constituted

"a source of great plunder to the Company."
In America, cinnabar is found in a number of our

western states. California and Nevada have been

the two largest domestic producers, with CaUfornia

well in the lead. It was in the foothills of California's

Coast Range, a few miles south of San Jose, that in

1845 the mineral was recognized for the first time

on lands that are now within the United States. The
date of a mineral's discovery has not always coin-

cided with the date of its recognition; and thus it

was that the cinnabar outcroppings of Los Capitan-

cillos Ridge, where the Coast Range commences
to bulge up at the southerly end of the Santa Clara

Valley, were discovered some years before the true

nature of the mineral was identified. This recogni-

tion was to lead to development of a mercury-min-

ing district, which, while relatively small in area,

has furnished the nation with almost 40 per cent of

the metal so far produced—more than a milUon 76-

pound flasks—along with a fascinating page in the

history of American mining.

CaUfornia was still under the colors of Mexico
when the bright-hued cinnabar of Mine Hill,

at the southern termination of Los Capitancillos

Ridge, caught the eye of a Mexican settler, Luis

Chaboya, in 1824. Perhaps the ore showed tiny

smears of gUstening native mercury, as it sometimes

does elsewhere. In any case, Chaboya was con-

vinced that he had struck a rich deposit of silver,

and with a companion set up a small mill to extract

the precious metal by crushing the ore and treating

it with mercury brought in from San Luis Obispo.

The operation, of course, was a failure, and the

"Chaboya silver mine" closed. Another effort to

extract silver from the red ore was made some ten

years later, and was equally unsuccessful; but at

least the fancied silver mine had lent some addi-

tional weight to an observation made several cen-

turies earlier by Georg Agricola (the German
Georg Bauer, known as "the father of mineralogy")

that "mining is a profitable occupation to very few
men, and a source of loss to many more."

In 1845, a specimen of the ore was shown to

Andreas Castillero, a Mexican army officer on his

way from Monterey to Sutter's Fort in the Sierra

Nevada, who had stopped briefly at Santa Clara
Mission. Castillero may have recognized the true

nature of the mineral, or he may have shown it to

some knowledgeable person on his trip to Sutter's

Fort; in any case, he requested and received posses-

sion of Chaboya's silver mine from the Mexican
government and began operations, with several

Indians as miners and some cannon barrels as crude
retorts for roasting the ore. Castillero developed
the mine rapidly in the following years, and by
1850 Chaboya's silver mine was yielding more than
a million dollar's worth of mercury a year, and had
hopefuUy become known as the "New Almaden
Mine" after its great Spanish namesake.

For many years after Castillero first brought the

mine into production there was an eager near-

by market for his mercury, for at about the same
time James Marshall, sawmill supervisor for Cap-
tain John Sutter, was picking raw gold from the

raceway of the Captain's sawmill in the Mother
Lode country of the Sierra Nevada. Liquid mercury
was used in the gold camps of the area for "clean-

ing up" pans and sluice boxes to recover gold too

fine to recover by hand. The amalgam formed was
usually—and with terrible waste—boiled in a retort

to leave a "button" of gold; the mercury was wasted
into the air. The seemingly endless flood of placer

and hard-rock gold that followed consumed im-

mense quantities of mercury. Thus, the mercury of

the New Almaden played a largely unpublicized but

critical part in recovering the great treasure that

was to affect the economy of the world and estabUsh

a basis for the paper money of an expanding nation.

But Andreas Castillero was not destined to re-

main master of the great New Almaden for long.

In 1850, CaUfornia became a state of the Union,

and since title to the mine had been granted to

Castillero by a foreign government, there ensued a

tangled legal battle over ownership, which lasted

for many years—a battle fought through state and

federal courts, and all the way to the Supreme
Court of the United States, which finally awarded
ownership to the American claimants. However,

at one point in the legal struggle—during the sum-

mer of 1863—public opinion in CaUfornia became
so inflamed over the dispute and the manner in

which the government had handled it that the

state, with its all-important river of gold, was nearly

lost to the Confederate States.

By the end of the nineteenth century, the high-

grade cinnabar of the New Almaden had largely

been mined out, and production continued on a

smaUer scale with leaner ore, as it still continues

during times of large demand and high prices for

mercury. The New Almaden group of mines is

no longer the nation's greatest producer; but it

will never relinquish its prominent position in the

colorful history and romance of the American

metal-mining industry.
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Yaqui Indians are shown ascending a ladder in the New Engraving of the Hacienda, smelting area of New Ahnaden
Almaden Mine. A man carried 200 pounds of ore in leather Mine, is from a drawing made in 1854. Building at

back pack from, the upper level of mine to main tunnel. right was the office; part of it was still standing in 1949.
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Nesting Observation
"Change-over" behavior of Norwegian crane is ceremonious

Common Crane is considered one of the

shyest of all birds to observe at nest.

32

By James Hancock

THE Common Crane {Grus grus)

nests in the northern parts of

Europe and Asia, some as far north as

the Arctic Circle in northern Scandi-

navia and Russia. The only other

cranes that breed at these latitudes are

the Asiatic White Crane (G. leucoge-

ranus) of eastern Asia, now a very rare

bird, and the Lesser Sandhill Crane

(G. c. canadensis) of the North Ameri-

can Arctic, a few of which also breed

in the extreme eastern tip of Siberia.

Common Cranes usually build their

nests in marshy areas well away from

human habitation, and the nest itself

is made of grasses and other plant ma-

terials piled up to form a platform up

to two feet high. Here the eggs, usual-

ly two, are laid. The incubation period

lasts for about 28 to 30 days. Both

parents share the duties at the nest,

which the young leave about two days

after they have hatched.

The pictures on these pages were

taken at the end of May by Eric Hos-

king, the well-known British bird pho-

tographer, in the Fokstumyra area of

the Dovrefjell in Norway. Snow was

still lying in quantity on the hills be-

hind the marshland. We erected a

blind on the fringe of the marsh among
the silver birch whose leaves were still

in tight bud, but enough cover was

provided to break the general outline

of the blind. Observation began two

days later, and the birds appeared to

accept the blind readily; they incu-

bated and changed over nest duties

quite normally. The Common Crane is

considered to be one of the most dif-

ficult of all birds to observe and pho-

tograph at the nest, and as a result we
believed that the blind should be in

place for at least two days before we

occupied it.

The behavior pattern of the

"change-over" of birds at the nest,

which occurs at intervals of about four

hours or longer, usually starts with

the relieving bird alighting some dis-

tance away and walking toward the

nest slowly and carefully. Preening is

often carried out during the approach,

and a sharp lookout is kept for signs

of possible predators. In this series of

pictures, one of the birds, with its

"tail" erect, is being relieved by the

other. The tail is, in fact, formed by
elongated secondary plumes that nor-

mally hang down over the rump. As
one bird approaches, the sitting bird

leaves its nest and cocks its plumes;

the mate replies by bowing and peck-

ing at the ground. The pair pass one

another quickly, the departing bird

rapidly jerking its tail up and down.

EGG turning is always carried out

immediately after the relieving

bird reaches the nest. Turning the eggs

is said to cease when the chicks start

to chip. N. Tinbergen, in a discussion

of gulls, postulates that this may be

caused by the adult hearing the chip-

ping, and that the sound counteracts

the stimuli for turning, which is not

resumed. The eggs are not left unat-

tended for long, but when on one oc-

casion the nest was left unoccupied, a

Hooded Crow (Corvus comix) ap-

proached within a few feet of the eggs

and neither crane attacked it, although

they were both nearby. For some rea-

son, the crow flew off without raiding

the nest.

On reaching the nest, the crane that

takes over turns the eggs, and then

looks round to observe the complete

area of the marsh before settling down
to incubate. Should there be any sign

of movement, the bird becomes in-

stantly watchful; when a Marsh Hawk
(Circus cyaneus) quartered the bog,

the crane stood up, although it quickly

settled down again on the eggs after

the possible danger had passed.

How does one understand, or begin

to explain, the actions of the birds

during this fascinating and intimate

interlude at the nest? Some cranes

have been observed to pick up bits of

vegetation and throw it over their

heads while approaching the nest and

sometimes to trumpet.
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As one bird approaches, the silting mate

leaves the nest and cocks its "tail" plumes.
Still displaying, bird goes off to feed,

passing male that uill h<'gin nest duty.

The Sandhill Crane of the Nearctic

region is described by Lawrence

Walkinshaw [The Sandhill Cranes) as

"displaying his tertials high over his

rump" when approaching the nest.

("Tertials," like the word "tail," as

used above, is also a misnomer for the

elongated secondaries.) He goes on to

compare this behavior with a similar

display by Common Cranes in the De-

troit Zoo when they were approached

by a pair of White-necked Cranes. The

implication is that raising the feathers

is a threat display.

In the case of the Common Crane

we observed in Norway, it may well be

that the raising of the secondaries was

a threat response to the approach of

the other bird. The approaching bird

replies to the threat display by bowing

and pecking at the ground. These

movements have something of a sub-

missive character, and may be de-

signed to neutralize the threat. Bowing

is reported as an element of the court-

ship display in the Japanese Crane by

G. Stuart Keith (Natural History,

February, 1962). Pecking at the

ground may be some kind of displace-

ment feeding activity.

The preening behavior we observed

in the approaching bird may well be

"displacement preening," as against

"preening for its own sake," an ac-

tivity reported in gulls by N. Tin-

bergen in The Herring Gull's World.

In view of these possible threat—

or displacement—displays, it is diifi-

cult to understand why the approach

of the Hooded Crow, mentioned above,

did not create an alarm reaction in the

crane at the nest, especially as crows

are notorious egg eaters. Can we as-

sume from this that crows do not

usually steal cranes' eggs? It is difficult

to say. Perhaps the eggs are too large

for a crow to handle conveniently.

At one time during our observation,

a raven flew close by, but the crane's

reaction was slight and no threat dis-

play occurred. One observer reported

in British Birds that he had actually

seen a crow piercing an egg—although

not carrying it ofE—while the crane

was standing within thirty feet of the

nest. On a few occasions one of the

pair would run at a crow, hissing and

with wings partly raised, but this has

rarely been observed and is thought to

be exceptional. In the majority of the

cases that were observed, crows have

not stimulated the threat display, and

therefore no attack has followed.

Certainly our bird observations

were speculative. But that in itself is

one of the main reasons, I suspect, why
so many engage in bird watching.

Returning bird turns the two eggs, a

performance carried out by each crane.

Li* »
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Simple stick can be utilized

for astronomical measurements

By Thomas D. Nicholson

THE celestial calendar for the months of June and July

{page 37} includes the annual notice that on June 21

at 3:33 p.m., EST, the sun arrives at the summer solstice,

and summer begins in the Northern Hemisphere. At noon
on June 21, the sun's shadow is the shortest of the year in

the latitudes of the United States. There are several other

interesting things about the sun's shadow that day. For
example, it points its greatest distance to the south of west

at sunrise and to the south of east at sunset, indicating

that the sun rises and sets the greatest distance north of

east and west on that date. Also, the sun is due east (its

shadow pointing west) and due west (its shadow pointing

east) closer to local apparent noon on June 21.

All of the above phenomena of the sun's shadow could

be observed if you were familiar with one of the simplest

of all astronomical instruments, the simple gnomon, or

shadow stick—the basic component of a sundial. So ancient

is this crude device that there is really no history concern-

ing where or when it was first introduced or its application

to early astronomical measurement. Yet it is so elementary

that it might well have been used by the men first concerned
with the measurement of time and direction on earth; it can
also be used for sophisticated astronomical measurements.

In its most primitive form, a shadow stick can be any
object placed vertically in the ground. It need not be placed

in that position deliberately; it can be a small tree, a

sharply pointed rock, a stump, or any object with a clearly

defined peak that casts a sharp shadow. It need not be pre-

cisely vertical, so long as the relationship between the

height of the top and the length of the shadow it casts can
be readily compared. It need not have any specific height,

so long as its height is known or can be measured, and
remains constant, although, for convenience, it should not

be too high. To be reasonably useful it should be a thin

rod, pole, or stick:

1. Between two and six feet high, depending on how
much flat, level ground may surround it, for the

higher it is the longer its shadow will be;

2. Firmly imbedded in the ground, so that it will

remain upright in the same place

;

3. Placed as nearly vertical as a simple plumb line

will permit, so that the length of the shadow it

casts, in relation to its height, may be conveniently

measured from its base;

4. Either pointed or rounded at the top so that the

distinctive, identifying point of the shadow cast

may be located as accurately as possible.

Simple as it may appear to be, a shadow stick so erected

can be used to identify the local meridian and all the points

of the compass; to determine the dates of the solstices and
equinoxes and the length of the solar year; to measure the

Illustration shows the changes in the sun's shadow—from
one hour before noon to one hour after noon—at the time
of the summer solstice, the equinoxes, and the winter solstice.
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Direction of north-south line can be determined by bisecting

angle of two shadows of equal length before and after noon.

Tangent of the sun's altitude at any time equals the ratio

gnomon's height (H) to length of the shadow (L) it cas

obliquity of the ecliptic and the latitude of the place where

the shadow stick is located; and to indicate daily the

moment of local apparent noon.

Consider the ways in which the shado\v of the stick, cast

by the sun, will change during the day and during the year:

on any one day, at about sunrise, the stick will cast a long

shadow opposite to the direction of the rising sun. As the

sun rises, the shadow cast by the stick will grow shorter and

change direction. After noon, the shadow will continue

to change position and grow longer as sunset approaches.

Note the exact position and length of the shadow cast

hour by hour before noon and after noon and mark the

ground accordingly. You might think this an effective way
for telling the time by the length and direction of the sun's

shadow. But if you should check the marks again in a few

weeks at the same times before or after noon, you would

find that both the length and direction of the shadow at a

given hour have changed.

Thus—with one exception—the shadow of a gnomon
cannot be used to tell the time of the day. That exception

concerns the time each day when the shadow cast is

shortest. Each day, this shadow would differ slightly from

its length on previous days; but if you mark the direction

of the shadow at the moment when it is shortest, you will

note that on subsequent days the shortest shadow will point

in the same direction. In other words, the noon sun bears

due south from any place in the United States, and the stick

indicates that moment by casting its shadow due north.

TO identify the local meridian, simply mark the length

of the shadow on the ground from the base of the stick

to the tip of the shadow, at any moment an hour or two

before noon. Using the length of this mark as a radius,

draw a circle on the ground around the base of the stick.

Some time after noon the tip of the lengthening shadow
will touch this circle again; as it does, mark the position

of the shadow. This line, and the line of the shadow marked
in the morning, will form an angle with the vertex at the

base of the gnomon. If you draw a line exactly bisecting

that angle, the line will extend due north and south, mark-

ing the meridian. A perpendicular to this line will mark
the east—west directions. By dividing the right angles

formed by the north-south and east-west lines, all other

points of the compass can be laid out easily.

With a meridian marked out, you can begin to record

with accuracy how the length of the gnomon's shadow
varies from day to day at noon. Suppose you had marked
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out the meridian in early June: mark the position of t

shadow tip each day, at the moment the shadow points d

north. From day to day, until June 21, this mark dra

closer to the base of the shadow stick. After June 21,

marks appear progressively farther away. The short

noonday shadow is cast on June 21, when the sun stan

highest in the sky—the date of the summer solstice.

Continue to mark the position of the shadow tip at no

daily (when it points exactly north)
;
you will find

shadow is longest on December 21, the winter solstice.

Readers familiar with trigonometry will recognize tl

the ratio of the height of the stick to the length of

shadow is equal to the tangent of the altitude angle of

sun. If this arithmetic is performed every day when

sun is on the meridian, the meridian line can be mark

on the ground with a scale that shows the altitude an

with the dates the sun cast that particular shadow; in otl

words, an automatic calendar is created. A scale of t

kind allows a more advanced use of this simple instrume

To find the dates of the equinoxes, you might sim]

observe the dates on which the shadow, at sunrise and

sunset, is along the east—west line previously marked

the ground. On these dates, the sun is on the celesi

equator, directly above the Equator on the earth. Read

sun's noon altitude from the scale and subtract this va

from 90°. The answer is the latitude of the gnomon,

labeling the scale "zero degrees" at this point, the an

indicated each noon thereafter will be the declination

the sun north or south of the celestial equator.

Of course, the gnomon cannot operate on cloudy days

modern innovation would be to plot vertically on a gri

the various shadow lengths and directions that have b

measured, using the date as a horizontal axis. A smo

curve can be drawn through these points, and the miss

observations can be read by "interpolation."

All of these observations can be carried out with

other information than the length and direction of

shadow cast by a stick and the height of the stick. U
other information, the shadow stick could be used for

ferent observations and measurements, including the eq

tion of time, constructing an analemma on the grot

(Natural History, October, 1962), the difference

tween clock time and sundial time, and finding the loi

tude of the gnomon.

Dr. Nicholson, the regular author of this column, is ali

Chairman of the American Museum-Hayden Planetariui
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Mites on a Substrate
ating behavior, studied in glass cells, features "piggyback rides"

ITES are nearly ubiquitous; they

are found in every imaginable

litat and ecological niche: in soil,

vater (fresh-water ponds, lakes and

:ams, and even oceans), in hot

ings—and in climates as diverse as

3e of the Arctic Circle and the

lator. Some have even been found

ting in aerial plankton. They are

uopods belonging to the order

rina. Aristotle first used the term

ri, relating it to "very small things,

mites." The acarines—along with

It other living orders, which

ude the better-known spiders, scor-

is, and phalangids (daddy long-

) and the lesser-known pseudo-

pions, whip scorpions, microwhip

pions, and the obscure solpugids

ricinuleids—are all members of

class Arachnida.

lites are either free living or para-

:. The free-living forms occur in

lying debris, humus, or leaf litter,

association with mosses and li-

18, and in the rich topsoils of

ds and forests. They are either

;laceous, phytophagous (plant

ers), or saprophytic (feeders on
lying or dead organic matter),

arasitic mites are found in and on
ebrates and invertebrates alike.

, rats, cats, birds, snakes, chick-

dogs, insects, and man are all

isilized by mites. Ectoparasitism is

ifested in several ways. The para-

may live on the surface of the host,

n- abrading it or causing the host

ratch and thus abrade itself; the

isite may then feed on the open
s. It may also penetrate the epider-

or outer cuticle of the host and
directly on the living inner sur-

tissues. Sometimes it remains on
outside of the host, but by means
its piercing-sucking mouthparts
penetrate the surface skin and

; tissue fluid or blood. Endopara-

mites invade the respiratory

ts of primates, seals, walruses, ro-

s, birds, dogs, and insects.

'omicrograph of adult female and
• mites. Large, elliptical forms in
emale, below, are developing eggs.

By Syd Radinovsky

Recently I have resumed work on

the biology and behavior of Leiodiny-

chus krameri (family Uropodidae) , a

mite of cosmopolitan distribution. It

is found in damp, moldy, stored grain,

in moss, and in decaying or rotten hay

and grass. The abundance of this spe-

cies, and the lack of biological and be-

havioral information about it,

prompted research in three main
areas: (1) the search for a suitable

method of confining and rearing the

tiny organism; (2) a study of the bi-

ology and development of the mite un-

der various temperatures and relative

humidities; and (3) a study of the

mites' reproductive behavior.

BASICALLY, the following require-

ments must be met in the con-

struction of rearing cells for acarines:

(1) an escape-proof design; (2)

adequate gas exchange between the

rearing cell and the surrounding

atmosphere; (3) absolute ease of ob-

servation and manipulation of test or-

ganisms; and (4) maintenance of a

suitable nutritional substrate or means
of introducing one.

I ran a series of tests with open-

ended glass tubes. Open tubes provide

adequate gas exchange with the sur-

rounding air and permit feeding, ob-

servation, and manipulation of the test

organisms, as well. The bottoms of the

tubes were also open and embedded in

a charcoal-yeast-plaster substrate. The
plaster is a binding agent for the

waste-absorbent charcoal and the nu-

tritional yeast. (For humidity and
temperature experiments, the tubes

were placed in desiccators and stored

in controlled-temperature cabinets,

shown on page 40.)

I applied a band of Fluon—a small-

molecule liquid that hardens on dry-

ing—to the inner top rims of the tubes

in an effort to produce a slippery sur-

face, one the mites could not cling to

or travel over. It appears that the size

of the caruncle (the soft, sucker-like

structure between the tarsal claws),

or perhaps the size of the claws them-

selves, plays a significant role in the

ability of the mites to traverse smooth
surfaces. The mites picked out tiny im-

perfections inherent in the first appli-

cation of Fluon. Additional coatings,

however, covered the imperfections,

and ultimately, successful confine-

ment of the test organisms approached

100 per cent (at 20° C. and at all rela-

tive humidities)

.

During life history and behavioral

studies, various stages of L. krameri

climbed up the glass tubes only to lose

traction at the Fluon barrier and drop
down into the cell. Even when food

was withheld at the usual feeding

time and the drive to escape was
strong, the mites could not climb out

of the tubes.

Having developed a successful

method of open-cell containment, I

reared L. krameri in the laboratory

under different conditions of tempera-

ture and relative humidity to deter-

mine survival and developmental

rates. Rearing to the adult stage was
achieved only at temperatures be-

tween 20° and 30° C, and at humidi-
ties of 80 to 95 per cent.

Mites reared at the same relative hu-

midity (95 per cent) but at different

temperatures (20° and 30° C, respec-

tively) showed a significant size dif-

ference, those reared at 20° being

larger than those reared at 30°. Al-

though there was a direct relationship

between increased temperature and an
increase in rate of development, ap-

parently there was an inverse relation-

ship between temperature increase

and actual size; individuals that grew
in a cold environment were larger

than those in a warm one.

Mating behavior, which bears a

strong resemblance to that of pseudo-

scorpions (Natural History, May,
1965), is here divided into three main
phases: (1) the premating or explora-

tory phase; (2) the formation of a

sperm packet by the male and the sub-

sequent attachment of the packet to

the female's epigynial shield (the scle-

rotized plate covering the genital

opening) ; and (3) the assimilation of

the sperm packet by the female and
the postmating behavior of the male.

The duration of the entire mating
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Cells, above, are in a charcoal-yeast-

plaster substrate. Trays are placed in

temperature-controlled cabinet, right.

In mating behavior of Leiodinychus krameri, male mounts

female, A to C. He overturns her through a rocking motion
and achieves mating position, D to I. Sperm packet, arro «

affixed at J and K. At L and M he again climbs atop /e/i!*
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ocess varies in different environ-

ental conditions of temperature and

imidity, and may be affected by the

aount of artificial light. In 56 obser-

tions of actual mating, total time

ried from 45 minutes to 8 hours.

The premating behavior of L. kra-

iri follows certain typical patterns,

shown on the page at left. The male

)wly approaches the usually inactive

Male and probes her with his fore-

i;s. He then quickly climbs upon her

rsum, actively moving his mouth-

rts and forelegs over her body,

entually the male attempts to turn

; female over ; the female, however,

aally resists at this point, and often

jnporarily escapes his persistent ad-

inces by throwing him off and mov-

l
quickly away. After struggling

reral minutes—the time varies con-

ierably—the male turns the female

er, mounts her, and they assume a

ater-to-venter position. The actual

erturning of the female is accom-

phed by sudden, violent, lateral rock-

; movements of the male as he

uly grasps the female with all four

Irs of legs.

\

EWLY emerged adults, paired and

placed in rearing cells, did not

libit premating behavior until eight

ten hours had elapsed from the time

emergence. However, males older

in ten hours introduced into rearing

Is harboring young adult females

mediately showed typical premating

terns. Indeed, one adult male, iso-

;d in a rearing cell for almost three

Inths and then placed in another cell

h an adult female, actually formed
^perm packet in less than a minute.

)ften, adult males were observed
I n])ing on adult females that were in

I process of emerging and were still

I. -;ely enclosed in their exuviae (the

Ml being cast or molted). Older
ailt females introduced into cells

itaining newly emerged males
wed active interest in them, but the

les did not respond to the advances

the females. In general, however,

older male was the aggressor, the

fnale remaining passive and often

i\ ibiting a strong aversion to the
II' e's advances.

lie second step in mating—the for-

' ii>ii of sperm packets—was ob-
'I t'd on several occasions. Typically,

I Dccurs when the male is in a

'iter-to-venter position with the fe-

^ e, although a sperm packet is

i< letimes formed without any physi-

Diagram of egg laying, above, shows
the movement of the epigynial shield.

Note that shield is posteriorly hinged.

The mite is facing left in the drawings.

Mite eggs after deposition on cell

substrate. The fibrous material is mold.
preferred as an egg site by the mites

because it has a cushioning quality.
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cal contact with the female. Initially,

a milky-white bubble is exuded from

the male genital opening, growing

larger and larger until it reaches a di-

ameter of approximately 210 microns.

Full size may be reached in about a

minute. The liquid sphere then hard-

ens, or coagulates, into a round, saclike

structure that is transferred to the che-

licerae, the specialized feeding struc-

tures on the jaw. In this transfer the

legs presumably play a major role, al-

though the positions of the mating

pairs made the observance of this

process impossible. The anterior por-

tion of the female's epigynial shield

has hooklike structures onto which the

male affixes the sperm packet. The

packet itself has a terminal opening

through which the sperm may escape.

The sperm are gradually assimi-

lated by the female, the packet becom-

ing smaller and smaller. During the

period of sperm assimilation, when the

female has righted herself, the male

assumes a position atop the female.

After mating, the female may be ac-

tive or stationary, but she continues

to carry her mate, which tenaciously

holds on to her dorsum. No adult male

was ever observed riding on the dor-

sum of a female that lacked the sperm

packet. Complete assimilation lasted

from 40 minutes to TVi hours.

In one instance, a newly emerged

adult female was found with a par-

tially assimilated sperm packet and

Typical hatching procedure of a mite

egg is shown above. Cover surrounding

the egg first ruptures. Then the larva

uses its forelegs to extricate itself.

with the male still riding upon her

dorsum. Present in the same cell was

an older female, also bearing a par-

tially assimilated sperm packet. Inas-

much as only one male was present, it

is apparent that the male of L. krameri

is able to form more than one sperm

packet in a matter of hours.

The best example of this ability was

found in another situation. Here a

newly emerged adult female was

placed in a cell containing a virgin

male that had emerged 100 days ear-

lier. In a space of less than 12 hours,

he had formed 3 sperm packets.

I also observed competition of

males for females by introducing an

adult male into a cell containing an

adult pair. No unusual behavior of

any of the three individuals occurred

during the first hour. Then. iVi hours

after the introduction of the new male,

the original male began to ride on the

female's dorsum. After a few minutes,

the second male exhibited aggressive-

ness and forced the incumbent male off

the female. The aggressive male then

rode for several minutes, after which

the pair mated. Within 2y2 minutes a

sperm packet was found attached to

the female's epigynial shield, and the

aggressive male resumed his position

on her dorsum. The original male

made no attempt to regain possession

of the female.

At 20° C. and 95 per cent relative

humidity, adult females began laying

eggs not earlier than 14 days after

mating, and continued to do so for a

period up to 101 days after the initial

pairing of adults. Not more than one

egg was laid per day, except on rare

occasions when two eggs were depos-

ited during a 24-hour period. Gener-

ally, eggs were laid less frequently

than one per day. Examination of

many adult females mounted on slides

revealed one or two developing eggs,

as shown on page 38. On no occasion

were more than two eggs seen in an

adult female.

AS the fertilized egg passed through

^
the genital opening in the laying

process, the posteriorly hinged epi-

gynial shield opened anteriorly and

outwardly like a trap door. The egg

was forced to elongate somewhat as it

passed through the narrow opening,

but it immediately resumed its oval

shape after oviposition had taken

place. Eggs were deposited singly and

usually were cushioned between spaces

in mold or in soft, flaky grooves of

the plaster-charcoal-yeast substra

Where such preferred niches were

available, the eggs were mere

dropped randomly on the substr

No parental care was exhibited

either parent.

In 24 to 48 hours after ovipositic

depending on environmental con

tions, the eggs began to lose their o\

form and became progressively fl

tened dorsoventrally. Phase-contrii

microscopy shows the embryonic

pendages to be well developed. ji

Hatching usually begins with tj

appearance of a rupture in the a

terior portion of the chorion, r

membranous envelope covering ea,

egg. Shortly afterward, the forelegs

the larva emerge and initial bre;

through is brought about throu

their movements. The larva then

creases in size by swallowing eitl

fluid or air. The typical hatching p
cedure in L. krameri is shown in

diagram below left.

While oviparity, the production

eggs that hatch outside the body of I

parent, is common in L. krameri, so

ovoviviparity, the production of ej

that hatch within the parent's bo

(the young larvae escaping from

eggs at the moment of deposition),

times only eggs or larvae were fou

in individual cells, and at other tin

eggs and larvae were found togeth

This fact raises the question whetl

the mites lay eggs when conditions i

less than optimal (the eggs, perha

being better equipped to cope w
suboptimal conditions) and then

posit living young when conditi(

are optimal. Eggs appear to be mi

resistant to unfavorable conditio

larvae will succumb more quickly tl

eggs to, say, a combination of low tf

perature and low humidity.

The capacity for both oviparity i

ovoviviparity undoubtedly has s

vival value to this persistent spec

the female responding physiologic;

to environmental conditions and tl

producing eggs or living larvae

cordingly. The extent to which si

a faculty is used by other acarines

as yet unknown. Considering

acarologists (those who study

acarines) estimate that there may

more than a million species of mi

collection of information on even

smallest fraction of them is an en

mous task. The life of a species i

laboratory rearing cell is, moreo^

only a first tentative step in the dii

tion of understanding its total biolo
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The variety found in a group of

animals that may include more than a

million species is considerable, indeed.

A modest mite sampler is shown here.

The "velvet" mite, below, one of the

largest mites known, reaches a length

of half an inch. Smaller, but still visible

with the naked eye, the water mites,

above right, are often seen in lakes and

ponds. The species encircled in the

microscopic fields are extremely minute

forms: those on the left are terrestrial,

and the one on the right is aquatic.
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'olorful Barcelos pottery

oosters are sold in shops all

ner the world, and are pop-

ular with the Portuguese and

tvith most tourists as well.

Portugal's greatest living folk

artist, Rosa Ramalho, who
makes her figures with great

originality, is not rigidly

bound by traditional forms.

Folk Art Is A Link Witk Roman Past

POTTERY OP BARCELOS
A bishop of Braga, reporting on
Cjl the state of his diocese at the

[louncil of Trent in the sixteenth cen-

ury, thus addressed the Pope; "Only
t Prado [Barcelos, in northern Port-

gal] do I have some priests who do
lot sin, but those are made of clay,

nd should Your Holiness wish I can

;nd you a few." This bit of irony

ot only tells us something about

riestly shortcomings in Portugal at

;iat time, but also shows that at that

ate the pottery figures of Barcelos

/ere already well known. Probably

lien, as today, they depicted men and
nimals, angels, devils and monsters,

nd hybrid figures half-man, half-

east, all drawn from folk imagina-

on and deeply rooted in an almost

argotten behef in primitive magic.

It is indeed probable that pottery

as been made at Barcelos for many

Wnancy Flo-wers

centuries, if only because of the

abundance of clay found in the region

and still worked by methods that

have scarcely changed down the

years. The potter himself brings the

clay from the beds by oxcart. He
spreads the load in his yard and

drives the oxen round and round

over it to grind it fine. He mixes the

clay with water, kneads and pounds

it by hand, and bakes his pots in

ovens similar to those excavated at

sites occupied by the Romans.
The principal manufacture of the

Barcelos potters is common house-

hold ware—waterpots and cooking

pots, basins and colanders—in shapes

that, too, have changed httle since

Roman times. The ware is of red clay

decorated with white clay, or vice

versa, and glazed with a lead glaze

that has red or white clay dissolved

in it. Women or boys decorate the

pieces with a stick or a feather dipped

in clay. Many of the Unear motifs

used are the same as those found on
pottery from the nearby Roman site

at Citania de Briteiros, such as the

"wave and dot" pattern. The classic

swastika and varying representations

of the sun are also common.
Still more archaic and curious,

however, are the small clay figures

that Barcelos potters model. These
are either turned out from molds,

often handed down from father to

son, with hand-shaped details ap-

plied before baking, or are modeled
entirely by hand. Sometimes whole
scenes from daily life are created,

comprising numerous figures ob-
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Rosa Ramalho is shown in outdoor

workroom , watched by grandchildren

served with peasant humor. They
show, often satirically, bread baking,

washing clothes by the riverbank,

pig feeding, grape treading, shoe-

making, and revelers at a fair. Re-
ligious themes are also used; two
popular ones are the Nativity and
the Alminhas, or souls in purgatory.

_£3_nimal figures are often given

the form of whistles, or are pre-

sented as toothpick holders—a simple

matter of piercing a few holes. In

Portugal, a Book of Folkways, Rod-
ney Gallop wrote: "In form some of

these whistles are astonishingly ar-

chaic. A bird with httle ones hnked
to it by earthenware loops reproduces

almost exactly a Graeco-Roman toy

in the National Museum at Athens.

A horse which might have been
copied from that of Troy, a bull of

Minoan aspect and many other fig-

ures may be compared not only with

the modern clay figures made at Se-

ville, in the Balearics and in Mexico,
but also with ancient ones from
Cyprus, Crete, and the Crimea."

The snake is common, as is the

sardao, a kind of lizard that is said

to persecute women and warn men of

danger. The pig is usually shown as

a sacrificed animal, for pig slaughter-

ing in rural Portugal is a ceremonial

occasion. Dr. Jose Leite de Vascon-

and great-grandchildren. She often

converses with her visitors here.

celos believes that the principal deity

of the ancient Lusitanians was a pig

god. Prehistoric statues of pigs or
boars have been found at many
places in the Iberian Peninsula, the

best-known one in Portugal being
the "Porca de Murga," a stone figure

of a sow at Murga in Tras-os-Montes
Province. The representation of the

ox is oriental in character, although
it is modeled after a local breed
whose great, lyre-shaped horns and
long-lashed eyes give them an an-

tique air, especially when they are

brought to market with bouquets of

wildflowers tied to their horns.

The Regional Museum of Ceram-
ics at Barcelos houses a complete
collection of these figures, which,
although modeled only a few years

ago, are linked in spirit to the remote
past and show unchanging ways of

hfe. If no figured pieces survive from
very early times, this, according to

Dr. Eugenio Lapa Carneiro, Curator
of the museum, may well be because
the products of the Barcelos potters

were considered too crude for the

houses of the nobihty. Sold to peas-

ants at country fairs, they were used,

broken, and thrown away. Thus, the

oldest that have been preserved date

from the nineteenth century.

This fascinating folk art seems to

be in danger of dying out. Already
the most popular of Barcelos animal

Little priest with book in hci

has tail protruding from casso:\

figures, the rooster, has become ci

mercialized. Until about ten yi

ago the potters made the rooster;

molds, but with hand-modeled
tails. The figures have become mif

and more stylized in recent yecii

and are now turned out by the thi

sands. Jaunty, brightly painted "P
tuguese cocks" are found in gift shoi

aU over the world, and there is har
]

a tourist coming to Portugal m(

does not take one or more home
The people of Barcelos expli

the rooster's local popularity bj

legend. One day, the story goes, th(

passed through Barcelos a group)!

pilgrims on their way to the shr

of St. James at Santiago de Comp
tela. They stopped at a tavern on
main street of the town, but as tj]

were carrying with them their o
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Three wise men stand in foreground

\)j a creche containing other figures.

provision of roast chickens and sau-

,ages, they spent Httle money at the

nn. The landlord, a mean character,

•esented this and resolved to take

evenge on the travelers. Craftily he

slipped a silver spoon into the scrip

)f one of the pilgrims, and then de-

lounced him to the authorities. When
I search was made and the spoon

bund, the man was condemned to be

langed for the theft. The frightened

(imt pious pilgrim fell to his knees and
j,)rayed to St. James for aid. Then, in

flash of saint-given inspiration the

nan jumped to his feet, snatched a

oast chicken from his bag, and cried

his accusers : "It is as true that I am
nnocent as that this cock will crow!"
IVhereupon, to the amazement and
error of all present, the bird rose,

lapped his plucked wings, and gave

Imt a lusty "cock-a-doodle-doo!"

In a Barcelos square stands an

ncient, carved stone cross that

ems to commemorate this mirac-
' lous event, for on one side it shows
man hanging from a noose, with

8|t. James supporting him from be-

'1 bw, and above his head is the figure

iif a crowing cock.

4,t present only a very few potters

f Barcelos model clay figures in the

tl iraditional way. One of these is a

6-year-old woman, Rosa Ramalho,

Rosa's granddaughter Julia shows

promise as an inventive artist, but

whose talent and imagination are

bringing her recognition as Portugal's

greatest Hving folk artist. Dr. Lapa
Carneiro says of Rosa: "She models

the traditional fi.gures and repeats

them, but while other potters repeat

figures mechanically, hers have the

breath of life, and she never makes

two exactly alike. Besides making

the usual figures, she invents and

creates new ones, but always works

within the form and spirit of the tra-

dition. Her talent is exceptional."

Rosa Ramalho is a tiny, bright-

eyed old lady, warm-hearted and

quick of wit and temper, who lives in

a vine-covered stone cottage near

the village of Sao Martinho de Gal-

egos. With her live several of her

grandchildren and seven of her six-

teen great-grandchildren. All day she

is here seen adding the finishing

touches to a conventional rooster.

sits at her outdoor workbench, her

fingers busy with the clay as she di-

rects her household, scolds the great-

grandchildren, or chats with the visi-

tors that her recent fame has brought.

She molds her figures from white

clay, sometimes glazing them uncol-

ored, at times baking them unglazed

and then painting them with color

that she grinds and mixes herself.

She bakes them in a primitive oven

that looks like little more than a

shapeless heap of bricks.

Rosa Ramalho prefers human fig-

ures to animal, and the latter are

mostly anthropomorphic. On the

shoulder of an upright horse-headed

figure playing a guitar sits a little

gnomelike figure also playing a gui-

tar. Her Christ figures are angular

and have a Romanesque feeling. Her
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devils are jocular, with ballooning

heads, toothy grins, and long, sinuous

tails. Sometimes her figures suggest

childhood nightmares, as when she

places a dove atop a candlestick up
which snakes undulate. Sometimes
they are mischievous, as her figures

of demure little priests with book
in hand who—shades of the good
bishop of Braga—have embryo tails

protruding from their cassocks.

/'^

Rosa's father was a shoemakt,

and her mother worked in the fiek

When a little girl, Rosa, like the oth-

children, played at making figur,

out of clay. She never went to schoi

When she was ten she went to wo:

for a neighbor, a woman who ma
Httle pottery baskets, and earned,

few pennies a day. (Here Rosa shoi

how she rolled the damp clay im

long, thin sausages and how wii

these her neighbor "wove" the lit

baskets.) When she was in her teei,

she married a miller, and for the ne:

fifty years did no more modelir

She bore seven children, of when

Wearing masks and carrying musical

instruments, grotesque figures, above

and at riglit, are revelers at a fair.

Upright, horse-headed figures, right,

are playing guitars; on their backs

are humans, also playing instruments.
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)ur lived. She drove the miller's don-

ly, loaded with sacks of flour, up
le steep, rocky path from the water

lill to the village. Her children grew

p, and she had grandchildren. They,

1 their turn, grew up, and she had

reat-grandchildren. It was a hard

fe. As she puts it in vivid metaphor:

During those years, I ate hve rats."

Nine years ago her husband died,

id Rosa says, simply: "As we had

) live, I turned to the clay again."

he modeled small figures, baked and

olored them, as she had seen the

ither potters do. When her fingers

3t into the clay, her imagination ran

free. She took her bonecos down to

the market to sell, and among her

first customers was a painter from
Oporto who recognized her talent.

Rosa takes in her stride the ac-

claim that has lately come to her. A
short time ago she appeared on tele-

vision, with great success. When the

mayor of Cascais, a resort town near

Lisbon, invited her to bring her

bonecos to a folk art fair, she en-

joyed the excursion hugely. Once a

postcard came to her from France.

As she cannot read or write, she

asked the "Senhor Doutor" (Dr.

Carneiro) to read it to her. He told

her it was from a famous artist called

Picasso, who also made things out of

clay and who said nice things about
her work. The postcard lay around
on her workbench for a time, and
then one of the smallest great-grand-

children took it to play with, and it

was torn up.

.'N

King David sits on throne and holds

rooster, left, and above is a figure

that is example of broad folk humor.



Boy leads Minho oxen at cattle fair

in Barcelos. Cattle wear bouquets

on their heads, and are reminiscent

of garlanded oxen of ancient Rome.

-^'"^-^iK^Jl-^

Monkey is chained to post, weeph

with paw on head of a monkey-clii

Household pottery is displayed at i

weekly market that is held in tOM

Although Rosa Ramalho woi

within tradition, she is far from bei

rigidly bound by it. A reporter wi

ing an article for a local newspa|

asked her why she showed St. Antl

ny bearded in her figures, while

church statues show him beardle

"Because I like men with beard

she rephed. When I last paid hei

visit, I remarked on a series she h

just finished of she-monkeys chain

to a post and weeping, some with o

paw on the head of a monkey-ch

that also wept. The animals we

pathetic and human. I asked her w
she made them. "Because it is ve

sad to be a captive," she said, "ev

if you are a monkey. As the sayi

goes, 'Even the Christ Child would:

want to be shut up."
"

Rosa Ramalho is an original arti

and in her hands tradition lives. T
fear that it may die with her is allay*

by the knowledge that she is teachi:

her craft to her granddaughter Juli

who shows promise of having inh(

ited her talent and her imagination
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LIMITED RELEASE-U.S. GOVT. SURPLUS

SNIPERSCOPE

INFRARED SET(M3,
for scientists, gun collectors, naturalists

Built in 1950 and 1951 by American Optical Co. In

excellent working condition. Used by our troops for
observing enemy in total darkness without being
detected. Suggested uses: medical research, study of

nocturnal animal life, mineralogy, industrial and med-
ical research, crime detection. Rare item for gun col-

lectors. Telescope is 163/4" long; clear aperture of lens
is 50.4mm. A 5"-diameter filter is attached. Knob
adjusts focus electrostatically; second knob adjusts
reticle intensity. Reticle also has vertical and hori-

zontal adjustments. Canvas carrying case and shoulder
strap included. Complete unit includes 11" x 14" x 16"
chest, telescope with RCA 6032 image tube, 20,000V
power pack with canvas carrying case and shoulder
straps, IR light source, steel carbine bracket, pistol-

grip handle with switch control. Formerly highly classi-

fied. Limited supply. Orig. Govt, cost, $800. Shipping
wt., approx. 30 lbs. Price $249.50

SNIPERSCOPE BATTERY
Rechargeable 6V power source
for sniperscope. Excellent for
many other 6V applications.
Approx. shipping wt., 15 lbs.

59.95. Two for $18.00
Prices F.O.B. Tucson, Ariz. No C.O.D.'s, please.

C & H SALES CO.
P.O. Box 1572, Tucson, Ariz.

More than just a telescope

.

More than just a microscope.

Emoskop:
a complete

vestpocket

optical

system
We went to Wetzlar, Germany (world capital of fine optics) to
find such perfection at sucll a price. Remove tlie EMOSKOP from
its fitted leather case and it is a 30-power microscope A twist
of the wrist converts it to a 2.5-power telescope (ideal for theater,
field and sky). Another twist and you have a choice of magnifying
glasses: 5-, 10-, or 15-powers! The perfect vestpocket com-
panion for exacting professionals and scientists. Indispensable
for students, serious collectors, and all who wish to observe
anything more closely and clearly. A most discreet opera
glass. If you make a fetish of quality, the EMOSKOP will do
you proud. Five coated lenses, fully achromatic, absolutely flat
field, As exclusive distributors for Seibert Optical, Haverhill's
guarantees your satisfaction without qualification,

j

INSTANT ORDER BLANK—.—

»

! Mail to: HAVERHILL'S
I

526 Washinoton St.. San Francisco, 94111 |

1 Send me Emoskop Optical System{s) @ $12,95* |

I n I enclose check or M.O. plus $1.00 for post, and ins.
|

I
D Bill Diners' ;p Bill Amer. Expr. Acct.#_
*(California residents add 4% sales tax)

I

I
ADDRESS_

I
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earned in Hanoi after returning to Indo-
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Ecole Pratique des Hautes Etudes, a

school of the Sorbonne where he is now

Director of Studies. Dr. Condominas was
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in Oxford, England. An Englishman, he
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Dr. Syd Radinovsky, an associate pro-

fessor in zoology and entomology at
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interest in acarines, an interest he is also

pursuing at the International Acarology

Conference now under way in London.
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1. SCIENCE U.S.A. Wil-

liam Cilman. Candid
appraisal of science to-

day—its achievements,
shortcomings, key per-

sonalities, awesome
influence on society.

List Price $7.95.

1. ANIMALS AND
lEN. l-termann Dem-
ec/<. Animals as man's

rey, servants, and
lompanions over the

|enturies. Many exam-

•les of animal lore;

I'ver 100 illustrations.

list Price $7.50.

2. THE ANIMAL KING-
DOM. Robert T. Orr.

Brilliant book that cap-

tures the richness and
diversity of the animal
world — enhanced by
over 200 extraordinary

photographs. List Price

$9.95.

3. THE AGE OF REP-
TILES. Edwin H. Col-

bert. Compelling story

of the giant reptiles

who roamed the earth

for 200 million years-
then vanished myste-
riously, ///us. List Price

$8.50.

i. THE GREAT AMERI-
CAN FOREST. Ruther-

ord Piatt. A superb,

itrikingly illustrated

ook at our forests:

;heir evolution, flow-

ering, and gradual de-

itruction. List Price

J6.9S.

. MATTER, EARTH,
VND SKY. George
Zamow. A d isti n-
!uished science writ-

er's absorbing tour of

he physical world —
rom inside the atom

the infinity of the

iniverse. List Price
!77.3S.

An Extraordinary Offer:

Take any 3
of these exciting books

for qq^rt")
only ZfZf^ V $39.30/

when you choose your first Selection in

The Natural Science

Book Club
offering magnificent books on animal life,

nature, astronomy, exploration, space flight,

archeology, many other subjects— all at dis-

counts up to 40%!

12. THE GREAT SA-
HARA. James Wellard.

A panoramic view of

the Sahara. Beginning
with the Ice Age, it

follows the dramatic
events that took place
in the Sahara up to the

present. List Price
$6.95.

16. PICTORIAL GUIDE
TO THE PLANETS.
Joseph hi. Jackson. An
outsize volume re-

viewing all that is

known about the solar

system today, includ-

ing the latest discov-

eries in astronomy and
space sciences, ///us.

List Price $7.95.

13. THE YEAR OF THE
GORILLA. George B.

Schaller. Engrossing ac-

count of two-year ex-

pedition into the realm
of Africa's mountain
gorilla. With many re-

markable photographs.
List Price $5.95.

17. THE SEX LIFE OF
THE ANIMALS. Her-
bert Wendt. A re-

markable account of

the vast, often incredi-

ble processes of repro-

duction in the animal
world. Over 100 illus-

trations. List Price

$7.95.

4. MAMMALS OF
NORTH AMERICA.
V//c(or /-/. Cahalane. A
fascinating report on
the ways of life of the

1,500 species of ani-

mals found in North
America, ///us. List

Price $7.95.

6. THE ANCIENT SUN
KINGDOMS OF THE
AMERICAS. Victor W.
von Hagen. Lavishly il-

lustrated recreation of

the splendor and mag-
nificence of long-van-

ished Aztec, Inca, and

Maya civilizations. List

Price $15.00.

8. TESTAMENTS OF 9. NAKED-EYE AS-
TIME. Leo C. Deuel.

The compelling story

of the work being
done to retrieve and
restore ancient texts

and other records of

vanished civilizations.

List Price $8.95.

14. THE LIFE OF BIRDS.

Joel C. Welty. Magnif-

icent, 546-page treas-

ury of scientific facts

about our fine-feath-

ered friends: how they

fly, why they migrate,

how they survive, etc.

378 ///us. List Price

$12.95.

18. LOON IN MY
BATHTUB /LAND
ALIVE. Two delightful

books by Ronald Rood
on the joys and re-

wards of the natural
world. (Two books
count as one Selec-
tion) List Price $9.00.

TRONOMY. Patrick
Moore. Unique guide
to sophisticated "star-

gazing" without the
aid of any optical
equipment. List Price

$6.50.

10. AND THEN CAME
MAN. Hartmut Bastian.

Stimulating study of

the prehistory of the

Earth, from the origin

of our planet to the

dawn of mankind. List

Price $6.95.

15. MASERS AND
LASERS. M. Brotherton.

A non-technical over-

view of the principles

and applications of

masers and lasers and
their impact on vari-

ous branches of sci-

ence. List Price $8.50.
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BOOKS WORTH
KEEPING published

by UNIVERSITY OF

OKLAHOMA
PRESS

THE GRIZZLY
BEAR

Portraits from Life

Edited and with an Introduction by
Bessie Doak Haynes and Edgar
Haynes. Drawings by Mary Baker.
An exciting record of encounters
many naturalists and frontiersmen
have had with the majestic grizzly—
now almost extinct—who was once
aptly called "Lord of the Wilder-
ness." $5.00

GOOD HUNTING
Fifty Years of Collecting and
Preparing Habitat Groups for

the American Museum
By James L.Clark. World-wide ad-

ventures of a man who has raised

taxidermy to the level of a fine art.

Illustrated. $5.95

AUDUBON IN
THE WEST

Compiled, edited, and with an In-

troduction by John Francis Mc-
Dermott. Twenty vivid letters by
Audubon to his family and friends,

written during his exploring trip to

the Upper Missouri in 1843. Illus-

trated. $4.95

THE WILD
TURKEY

Its History and Domestication

By A. W. Schorger. The 500-year
story of the most valuable bird the
New World has produced—from its

first discovery by Europeans to its

present distribution all over the
world. Illustrated. 640 pages, $ 10.00

Now at your bookstore oA'dVifv

UNIVERSITY OF #/V
OKLAHOMA PRESS "^UtV*!^^

Norman, Oklahoma

BOOKSIIN REVIEW

'California's high country
(By William H. Can and Lewis Wayne Walker

History of the Sierra Nevada, by

Francis P. Farquhar. University of Cali-

fornia Press, $10.00; 262 pp., illus. John
MuiR and the Sierra Club: The Bat-

tle FOR Yosemite, by Holway R. Jones.

Sierra Club Books, $10.00; 207 pp., illus.

PERSONS acquainted with the facts sur-

rounding the establishment of Yo-

semite National Park associate this

accomplishment with the name of the

Sierra Club of California, and rightly so.

This group of dedicated men. under the

guidance of John Muir. played a vital

part in the eventual delineation of the

actual boundaries of the park as we
know it today. By the same token, when
one thinks of the Sierra Club, one recalls

the name of Francis P. Farquhar. an out-

standing conservation leader who has

been closely connected with the develop-

ment of the organization for many years.

It is fitting that two books, one on the

Sierra Nevada and the other on the

Sierra Club and Yosemite, should be

reviewed together.

In the History of the Sierra Nevada
Francis P. Farquhar has succeeded in

skillfully blending his own research and
observations with those of others to

evoke a beautifully rounded account of

one of the world's great scenic regions.

With competence born of deep affection

for. and hard-won knowledge of, the

mountains, he has produced an outstand-

ingly satisfactory work that will stand

the test of time as the book to read about

California's superlative high country.

(In saying this, we do not for a moment
discount the significance of the writings

of John Muir. Clarence King, or other

appreciative and well-informed chroni-

clers.) Careful documentation, a good
index, and an apt selection of illustra-

tions and maps complement the text.

Commencing with a brief geologic de-

scription of the Sierra and a review of

the flora and fauna, the author proceeds

rapidly to his principal objective: to

deal with "human experiences in the

Sierra Nevada from the time the Span-

iards first saw it to the present." The
initial surveyors of the region are all

mentioned here, their often heroic ex-

ploits delineated with both restraint and
excitement. The stubborn mountain men
who pushed westward in pursuit of

beaver skins, resolutely facing hazards

offered by difficult terrain and severe

weather, are present, too. These are

names that quicken the pulse of persons

interested in "the opening of tiie West"
—Kit Carson. Jedediah Smith. Joseph

Walker, Zenas Leonard, and other ad-

venturers. Immigrants following hard

on the heels of the first explorers are

described with the aid of well-chosen

source material gracefully interwoven

by the genius of a talented storyteller.

And nowhere does Farquhar lose sight

of the splendor of the mountains.

Of course, the story of the occupation

of Yosemite has been told many times,

but never more effectively.

There is a fine resume of the struggle

to establish national parks and forests

in the Sierra, and the chapter "The
Sierra Club and the High Sierra" fo

cuses somewhat on these struggles. Far
quhar himself has played a prominent

role in many of these contests between

conservationists and exploiters, yet he

modestly gives the credit to others.

This book will be savored alike b

those who are familiar with the scenes

described and those who are not.

Holway R. Jones, in the preface of his

work, John Muir and the Sierra Club,

says, "This book begins by tracing the

early development of Yosemite as a

background for the founding of the!

Sierra Club two years after the estab-

lishment of the national park. It ends '

with the unsuccessful fight for Helcli

Hetchy's preservation, the death of John

Muir and the establishment of a new

federal agency to protect the nation's

wilderness parks." Jones fulfills those

objectives. His book is a long, well-re- y

searched, and well-written document off

historical value to all conservationists,

land developers, and park managers. Al-

though its approach is scholarly, it is

written with much humor and warmth.

Jones writes that in the early phases

of his work "Francis Farcjuhar was my
godfather and adviser . . . without his

assistance the project could never have

gotten off the ground." Dr. Farquiiar

has every right to be proud of his pro-

tege. Here is the detailed account of tiie

fight to preserve Yosemite—through lob-

bying in the California State Capitol and

in Washington, endless propagandizing

actions and counteractions, and efforts li

rally the "right people" to the cause ol

setting aside one of America's great na-

tional parks for the perpetual use and

enjoyment of all the people.

More than half the book is devoted tc

an even more comprehensive description

of the struggles to save the neighboring

Hetch Hetchy Valley—once not unlikt

Yosemite—from would-be despoilcrs

Unhappily tho.se efforts did not succeed

and the Hetch Hetchy Dam was built it
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urnish water for San Francisco and

ther areas. To the investigative-minded

eader, this is a particularly satisfying

ook. Almost every wide-margined page

as small-type, side-column references,

'here is also an extensive appendix,

jund bibliographic notes, and an index.

'^illiain H. Carr is Founder and Director

'meritus of the Arizona-Sonara Desert

luseiim in Tucson; Lewis Wayne Walk-
• is the museum's Associate Director.

iHE Hungry Planet, by Georg Borg-

rom. The Macmillan Co., $7.95; 487

u., illus.

rHis book is a fascinating and authori-

tative analysis of one of the major

reals to the future of mankind, the

lortage of food for a rapidly growing

orld population. It warns that "the com-

lui battle against starvation, disease,

id misery, and above all against ignor-

ice, requires a radical change in the

>als of world science." The author,

eorg Borgstrom, Professor of Food
•ience at Michigan State University,

ifivincingly demonstrates that "man
reatens to deprive himself of a future
• refusing to recognize his predica-

eiit." The book will be of particular

terest to the readers of Natural His-

RY because it deals with a major and
mplex biological problem from a

oad ecological approach.

It is now widely recognized tliat the

irld's population is growing every three

ars by the equivalent of the entire

pulation of the United States, and that

3 jier capita production of food is de-

basing in the majority of underdevel-
e<l countries. Less appreciated is that

vestock and domestic animals repre-

it a living mass weighing five times as
ich as that of the total human race, the

uivalent of an additional 15 billion

iiple." Borgstrom calculates that on
s basis the North American continent
"exerting a population pressure on its

lilt production corresponding to that of
ire than two billion people." even
)ugh the human population is not
ich over 200 million. He emphasizes
It in Latin America and India the dis-

'pancy is still greater, even without
ing into account the much larger wild
nial population. Furthermore, the
ihirm is compounded in countries such
India, where it is estimated that half of

food produced for man and domestic
nials is destroyed in the field or dur-
storage by insects, rodents, monkeys,

I other wild animals.

n u chapter entitled "Ghost Acreage."
gstrom calculates the farmland neces-

y to produce for each country an
ount of animal protein equivalent to

t now obtained through fisheries.

:ist acreage ranges from an additional

On thefrontiers

ofpsychology

A SCIENTIFIC EVALUATION
by C.E.M. Hansel

The study of extrasensory perception (telepathy, clairvoyance, and
precognition) has been marked by misinformation, misguided en-
thusiasm, and prejudice. Now, a distinguished psychologist objec-
tively examines those experiments in ESP and psychokinesis that
are usually considered as providing the most convincing evidence
for the phenomena. A comprehensive book covering parapsychology
from its origin in the mid-19th century to the present day. "Enor-
mously important."

—

prof, edwin g. boring, Harvard University.
Illustrated with diagrams. $6.95

)V^%
David Foulkes

THE PSYCHOLOGY
OF SLEEP

The most recent findings of the mind's activities during that third
of our life which is spent in sleep, with special emphasis upon the
nature and meaning of dreams, are presented in this fascinating
book. Dr. Foulkes, who received a $70,000 grant from the National
Science Foundation for research on dream content, surveys and
interprets brain-wave and eye-movement phenomena, the discovery
of which, in the last few years, has made possible a more scientific
study of sleep. Illustrated with diagrams. $6.95

John Mann
CHANGING

HUMAN BEHAVIOR
This is the first comprehensive account of modem explorations into
the alteration and enhancement of human behavior. Some of the
provocative topics discussed by Dr. Mann are physiological inter-
ventions, hypnotic suggestion, attitude change through mass com-
munications, and creativity. "A new orientation and perspective
an important contribution to social psychology."—GORDON w. ALLPORT, Harvard University $5.95

at all bookstores

CHARLES SCRIBNER'S SONS
New York
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NIMRUD AND
ITS REMAINS
by M. E. L MALLOWAN

These sumptuous volumes recount
— step-by-step, with hundreds of

exciting photographs — the years of

excavation, the amazing discover-

ies, and the spectacular reconstruc-

tions of Nimrud, the ancient mili-

tary capital of Assyria near Nineveh,

one of the most thrilling episodes

of Asiatic archaeology. Max Mallo-

wan's success in extending and in-

terpreting earlier excavations and
his remarkable personal achieve-

ments are documented in these two
magnificent volumes — beginning
with his first excavation at Nimrud
in 1947, and concluding with the

climactic discovery and unearthing

of Fort Shalmaneser, a vast palace-

fortress and arsenal built about
840 B.C., near Nimrud.

NIMRUD AND ITS REMAINS,, a collos-

sal work which took seven years to

produce, contains:

Over 600 photographs of the

excavations and the restored treasures

9 full-color plates • over 100 drawings

19 maps, plans, arnd sections

bound with the text

A separately bound folder containing

8 oversized, fold-ouf maps,
plans, and sections

Notes, bibliography, and index

2 volumes boxed, with a total of

677 pages, 8Vi"x 12"

Price $60.00

DODD, MEAD & COMPANY
432 Park Ave. South, Ne\v York, N. Y. 10015
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one third of the tilled land in several

countries of Europe to one and a third in

Israel and one and a half in Japan. The

book discusses in considerable detail how

fisheries can make a much greater contri-

bution to world food supplies.

Chapters describing the biological na-

ture of the world food problem are fol-

lowed by excellent analyses of the spe-

cific food ecology of various areas of the

world. The chapter on "United States

Food Surpluses'' is appropriately sub-

titled "A Brief Episode," since U.S. food

surpluses are already proving inadequate

to the goals of the U.S. government's

Food For Peace program.

The text is well illustrated with origi-

nal graphs and tabulations, and a short

but useful index is provided. Although

the brief reference to endemic goiter

gives the erroneous impression that vita-

min A deficiency is an important etio-

logical factor, and that the pulmonary

disease emphysema is due to coalesced

alveoli and not "a kind of sLime accumu-

lation in the lungs." both factual and

typographical errors are pleasingly few.

In describing a major dilemma of mod-

ern man in biological terms. Borgstrom

has shown both originality and imagina-

tion. The book will be informative and

stimulating to all who are interested in

the future of life on this planet, particu-

larly that of man.
Nevin S. Scrimshaw

Massachusetts Institute oj Technology

Biology: The Science of Life, by Karl

von FriscL Harper & Row, $12.95; 516

pp., illus.

KARL VON Frisch, one of the great

biologists of our time, shares with

us in this book the treasure of knowledge

and wisdom acquired during a produc-

tive life spent in the intimate company

of living organisms. He is known to every

biologist as the discoverer and ingenious

interpreter of the "language of the bees,"

but this achievement is merely the cul-

mination of a much broader search into

the problems of comparative physiology

of animals.

The major subdivisions of the book

are: cells, tissues, organs and their

functions, adaptations to environment,

interrelations among organisms, repro-

duction, development, heredity, and

evolution. The animals fare better than

the plants, but there is a substantial

coverage of plant structure and function.

One asset of the book is the balanced

treatment of invertebrates and verte-

brates in every chapter. However, this

brief listing of contents in no way con-

veys the true character and richness of

this book. Its hallmark is the philosoph-

ical attitude and style of its author.

There are other introductions to biology

that transmit more information and are

more "modern"; but there are few that

"Travel, adventure

and natural history

-this one is a real

vicarious experience."
—JOSEPH WOOD KRUTCH

THE
COMPANY

OF ANIMALS
A Naturalist's Adventures

in tiie Jungle of Malaya

by Ronald McKle
The dramatic true story of Jim

Hislop—the last white man to be

Malaya's Chief Game Warden

—

and his jungle adventures with

animals during war and peace.

With 24 pages of photographs.

$6.50 at all bookstores

H] HARCOURT, BRACE & WORLD

A naturalist's

exploration

of one of the

greatest

North American

waterfowl

BLACK DUCK
SPRING
by Bruce S. Wright

Director, Northeastern 'Wildlife

Station, University of New
Brunswick, and Life Member,
American Ornithologists Union

This superbly told story of the life

of a single black duck— his cyclical

migrations, mating, and precarious

existence—is a fascinating evocation

of the world of Nature in northeast-

ern America. It is also the dramatic

tale of this and many other species'

fight against waste, wanton slaught-

er, and poisoning by man-made pol-

lutions. Scrupulously accurate, im-

mensely appealing, marvelously
descriptive, and beautifully illus-

trated. $4.95

E. P BUTTON & CO. jpfl

201 Park Ave. So., N. Y. 10003 '**',



onvey, with the same intensity, the per-

Dnal involvement and enthusiasm of the

uthor; that recapture so directly what

le author's eyes have seen and his mind

as identified as biologically significant,

he many books that are nowadays writ-

:n by groups of authors or at the in-

igation of committees, by their nature

ick this essential ingredient.

And there are few books that make
. ich delightful reading. The author has

felicitous gift for telling the story in a

vid and lucid way. Concealed behind

le unpretentious and straightforward

resentation is the skill of the experi-

iced popular writer who knows how to

e elementary in the best sense of the

ord without being trivial or talking

3wn to the reader. Accounts of bird

ight. of parasitism and symbiosis, and

deep-sea adaptations are small mas-

rpieces. All technical terms are ex-

iained etymologically in footnotes.

The superb illustrations contribute a

eat deal to the impact of the book.

hey are intimately interwoven in the

xt and, together with their concise

gends, become an integral part of the

ory. There is an abundance of color

ustrations, some in six colors, by a

st-rate illustrator. The esthetically

easing arrangement of figures on the

ige adds to the enjoyment of the book,

ow little attention is ordinarily paid to

ch seemingly small details!

A good deal of credit for the readabil-

of the book goes to the translator.

'. Jane Oppenheimer, herself a distin-

lished scholar and writer. One can en-

rse wholeheartedly the praise of von
isch in his preface: "The quality of

r translation is so excellent that the

iglish version reads like a beautifully

itten original work, and not like a

mslation at all." The present reviewer,

10 is familiar with the original writings

the author, can testify that his pe-

liar idiom is retained in an almost un-

nny way.

The basic tenets that dictate the

iection of the material are: the "or-

nismic" view, which holds that the

Jividual is the basic unit in the living

rid; the complementary principle of

ity and diversity in organization and
lotion; and the principle of adapta-

n. In other words, the vantage point

the book is that of the "naturalist."

this, it continues a perspective and a

;at tradition that should be preserved

one of the foundations of biology even

our times of revolutionary remolding

biological thought and of increasing

icialization. This viewpoint is perhaps

;n now the appropriate approach to

introduction to biological phenomena
d concepts. Implicit in it, to be sure,

> limitations. The analytical and the

lecular exploits of recent years, which
ke present-day biology so exciting,

: scarcely presented in this book. This

Coming this June— a new

LIViy^G WORLD
BOOX

about one of tlie most beguiling

of all wild creatures

THE WORLD OF

THE BLACK BEAR
by JOE VAN WORMER

Fascinating text and nearly a hundred
spectacular photographs take you
through a full year in the life of the

black bear: the active summer months
. . . the season of stoking up for the

winter. . .his deep winter sleep (which
is not a true hibernation) . . . and his

emergence in early spring, groggy but
still fat and healthy.

Living World Books are published to

acquaint you with your wild neighbors

... to show you how they live, hunt, hide,

train their young. All nature lovers,

young and old, will be intrigued and en-

lightened by the clear text and beautiful

illustrations. ".
. . as enjoyable as they are

informative ... an impressive contribu-

tion to the literature of natural history."

—John Kieran. $4.95

Already published:

THE WORLD OF THE GREAT HORNED OWL
By G. Ronald Austing and John B. Holt, Jr.
". . . the best of its kind, both text and pictures
. . . first rate, packed with information but
never merely encyclopedic, always readable,
often fascinating."— Hal Borland 54.95

THE WORLD OF THE WHITE-TAILED DEER
By Leonard Lee Rue III. "This book is a
triumph of its kind. The text is entertaining as
well as instructive, and the photographs shovi'

the complete life cycle."— John Kieran $4.95

THE WORLD OF THE BEAVER
By Leonard Lee Rue III. "Through spring,
summer, fall and winter, Mr. Rue follows this
animal he knows so well. His pages spiU over
with fascinating facts."— A^. Y. Times Book
Review. $4.95

THE WORLD OF THE RACCOON
By Leonard Lee Rue III. "If there is one man
in America who knows more about the raccoon
than I do, it is Leonard Lee Rue, III. To at least
this aficionado, he seems to have written a com-
prehensive and readable report on America's
most fascinating animal."
— Sterling North, author of Rascal $4.95

THE WORLD OF THE RED-TAILED HAWK
By G. Ronald Austing. "It is a recommended
addition to the amateur ornithologist's or nat-
uralist's library — no matter what his age. Many
of the author's striking photographs show red-
tails on the wing . . . His long hours of observa-
tion and many encounters with this bird make
his text a stimulating one . .

."

— Natural History $4.95
THE WORLD OF THE BOBCAT
By Joe Van 'Wormer. "The book gives the
reader an intimate knowledge of the bobcat
family through all four seasons of the year and
clearly reveals the temperament, habits and life
of this intriguing animal."

— Conservation News $4.95
THE WORLD OF THE COYOTE
By Joe Van Wormer. "His handling of the
lite story of the coyote is not only scientific
but sympathetic. Mr. Van 'Worraer's excellent
photographs of the coyote from pup through
all phases of life are living proof that he really
knows this pJti^Jvp nnimnl intimfit^ilv "knows this elusive animal intimately."

N. J. Audubon Society

MONEY-BACK COUPON
B. LIPPINCOTT COMPANY, East Washington Square, Philadelphia, Pa. 19105

THE WORLD OF THE:

$4.95
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FOOTLOOSE
SCIENTIST
IN MAYAN
AMERICA

by

Sister

Mary Corde Lorang

Across Middle America—from
the erupting volcanoes and
hidden cities of Guatemala to

the tombs, temples and sacred

churches of Yucatan—this

Maryknoll Sister explored the

ruins she had long dreamed to

see. As nun, scientist, and
social observer, her unique
insights and adventures are
captured in this fascinating
record of her travels.

For an arduous year she stud-

ied the land and its people, the

history of their all-but-van-

ished civilization and their
life today. Brimming with
geographical, archaeological,

psychological, botanical and
sociological lore, this is a

remarkable document of a re-

markable woman's journey into

antiquity. Richly illustrated

with excellent photographs,
maps and diagrams. $6.95

CHARLES SCRIBNER'S SONS
New York

deficiency is alleviated in part by the

"Instructor's Manual" by J. F. Haynes,

which accompanies the text, and by the

availability of many paperbacks on all

aspects of molecular biology, which can

be used as supplements to the text.

One may then ask: to what kind of

readers should this book be recom-

mended? It was written originally as an

introductory text for German secondary

schools, and together with the above-

mentioned supplements, it may serve the

same purpose in this country. Beyond

that, anybody between 12 and 70 who has

a budding interest in biology and who is

looking for a well-written and well-or-

ganized introduction to the life sciences

can hardly do better than to entrust him-

self to Karl von Frisch as a guide. Paren-

thetically, many molecular biologists,

and newcomers from non-biological

fields, will profit from spending a few

leisurely hours in this author's company.

Viktor Hamburger
Washington University

The Living Races of Man, by Carleton

S. Coon. Alfred A. Knopf, $10.00; 344

pp., illus.

THIS is the second leg of The Origin of

/?acci, my review of which (Natural

History. May. 1963) holds good, by and

large, for this volume. That review's sum-

mai-y stated: "although this book con-

tains some glaring errors (even to inac-

curacies in spelling and references) and

idle speculations, there is also a mass of

varied and useful data." So be it again.

This new volume may be divided into

three parts. Approximately the first 200

pages deal with populations on a geo-

graphical basis. The remaining chapters

(about 120 pages) outline "Racial Dif-

ferences in Adaptive Characters"
;

"Race.

Blood, and Disease"; "The Racial

History of Man Since 1492"; and "The

Future of the Races of Man." I would

have preferred to have seen amplification

of the genetic aspects of race and less of

the simplified geography. The third part

of the book displays 128 plates of selected

national and regional types, which I

would have found interesting in a popu-

lar magazine but feel are relatively use-

less in a scholarly publication. The leg-

ends to the photographs are occasionally

highly speculative. For example, refer-

ence is made to the Bantu being "part

Bushman." Some legends are reminis-

cent of the "romantic phase" of yes-

teryear's anthropology when racial

divination was a frequent pastime. For

example, in one plate one sees an aged,

flabby-skinned woman with a scarf cov-

ering most of her head—"a Haratin ... of

. . . Morocco, showing Hottentot-like fea-

tures." In another plate there is "a Rifian

woman of Morocco with a broad face

reminiscent of the Mesolithic inhabitants

of North Africa."

If Abel the

Sable Gets

Shot in the

Horn . .

.

WHO CARES?

JOAN TAYLOR cares-

—that's who!

The wife of a game ranger in Africa tells

the wonderful story of her adopted "wild

orphans," how her project to care for ani-

mals injured or orphaned by thoughtless

hunters grew until she had a home zoo that

included baboons, a leopard, lions, zebras,

a buffalo, a mongoose, and hundreds of

other wild creatures. Mrs. Taylor's account
of life in central Africa with four children

and an exotic animal nursery makes a

thrilling book.

"Consislentiy interesting . , , for tliose who enjoy
reading about the care and habits of unusual animals
and those interested in the conservation of African
wildlife."— r/iG Booklist (Ameriron Library Assn.)

Delightful photos. Order Now!

AN AFRICAN ZOO IN THE FAMILY
by Joan Taylor

$4.95 Postfree. 1 0-Day Money-bock Guarantee

EMERSON BOOKS, Inc., Dept. 858-P
251 West 19th Street, New York, N. Y. lOOIl

PAINT AS YOU

LEARN-and

start framing

your work

this very

spring!

NOWA VAILABLE IN ENGLISH!
Here if is! The fabulous Martin-Barbaz "sell

teaching course" that is turning French me
from Paris to Provence into accomplished arttsl

. . . now ready to fill your weekends and holl

days with creative joy.

This delightfully simple method lets you s(

your own pace . . . learn rules the natural wa
—by painting! You'll marvel at the ease wit

which lighthouses, bridges, summer friends, cil

scenes and natural wonders come to life o

your canvas. You learn . . . How to choose you

best subjects for still life, landscape, flower:

portraits, nudes, marine and genre pointing:

How to make quick on-the-spot sketches. How t

master perspective. How to convey mood ao'

motion . . . render trees, mountains, rocks, watei

animals, people . . . reflections, rain, mis

stormy skies, dawn, twilight, summer night . .

Techniques of brushwork—and how to develo|

your own original style. MUCH MORE!
FAST PROGRESS GUARANTEED

Illustrated ORDER NOW
THE HOLIDAY PAINTER
by J. Martin-Barbaz

$4.95 Postfree. 10-day Money-back Guarantee

EMERSON BOOKS, Inc., Dept.

251 West 19 Street, New York, N.Y. 1001
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Coon is fully aware that no one indi-

iual really reflects a population. If any

lotographs are to be published at all.

ey should be of the somatotype variety,

•mewhat repugnant is the legend to one

ate that shows a scruffy-looking, beret-

laring individual who "bears a striking

;eness to the late Pierre Teilhard de

lardin, S.J." This typifies the quasi-

'apbook nature of these plates.

One must admire the obvious ease with

licli Coon, partly on the basis of his

n i-'xtensive travels and experience,

)vi(les thumbnail sketches of the sa-

nt Ideographical features of the areas

labited by the populations he dis-

uses. This information, only threadily

erwoven with physical characteristics.

5 lui broad principle lacing it to con-

ils of race formation, structure, and
biiity. Similarly, his numerous excur-

ns into linguistics fail to tie in with

rphological patterns of races. Al-

•ugh he often discusses the effects of

)ulation isolation, migration, mixture,

quest, and physiological adaptability.

tends to view these in a recent, histori-

context, ignoring the fact that cur-

ls in history are mirrored repetitions,

eit in modified form, of prehistory.

s lack of extrapolation shines through
theories on racial origins.

Cithin this magazine's space limita-

lS, it is not possible to do more than
eralize. In reading through this book,

rge number of inaccuracies and dis-

jancies were noted. One man's specu-

3n is another man's misinterpretation,

Coon's assumptions often loom as

e as facts, quoted papers have been
read, and conclusions are misstated.

I this volume is a creditable vade me-
"il for physical anthropologists, and
I il serve, with its companion volume,
1- le useful basis for a graduate seminar
:c se on race.

ut taking the broad view, as in Dry-
It s All for Love:

,

''Errors, like straws, upon the

surface flow;

He who would search for pearls

must dive below."

Ronald Singer
The Vniversity of Chicago

Archaeology ok New York
fE, by William A. Ritchie. Natural
ory Press, $12.50; 357 pp., illus.

K over thirty-five years Dr. Ritchie
as excavated in New York State,

issfully piecing together the se-

ce of prehistoric cultures in New
and the northeast. In 1938. 1944,

1951 he published major syntheses
ew York prehistory, and this latest

represents his most recent and far-

ling effort in his area of study,

e volume is intended for profes-

1 archeologists. students, and ama-
with broad archeological back-

1.1.

Photographs of ahnost unbelievable beauty."
-Boston Globe

AFRICA
Photographs by EMIL SCHULTHESS
Text by Emil Egli, Heini Hediger,

and Peter Fuchs

"A small, elegant book, divided into three chapters—one by
Emil Egli, descrihes the f;eolo[;ical origins, geological fea-

Hires, weather and iiiidrrgroiiiid mineral wealth of Africa;
the second, by Heini Hediger, concerns itself with the Afri-

can animal world; and the third, by Peter Fnchs, describes

village life, the nature of clans and tribes, the mode of
native thinking, customs, cults and religions."—A. V. Times

S6.95

A vivid illustrated introduction to the

all-important science of ecology

The Living

Community
A VENTURE INTO ECOLOGY
by S. CARL HIESCH

Today, as man, through ignorance or avarice, de-

stroys the delicate balance that plants and animals

have evolved in their natural communities, the sci-

ence of ecology has assumed vast prominence. From
this clear introduction to the subject, young people

can gain a wide iniderstanding of ecological ])rinciples

and learn how man can use his resources wisely for

ii.c welfare of aU. $3.75 Illustrated by William Steinel

A pictorial travel guide to the most
beautiful flowers of the world

THE WORLD
OF FLOWERS
Edited by HERBERT REISIGL

The 6.T magnificent color plales and the .17 photographs in hlack

and white of indi>idual flora, lovely landscapes, wildflower pre-

s<'r\('s and botanical gardens have been taken l>y photographers

around the globe. Essays by experts discuss the unique floral life

of many world regions and an invaluable section lists, country

by country, all the world's most important gardens, parks, and
wild areas, and their outstanding features. $12.50

THE VIKING PRESS, New York, N.Y. 10022
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EAST AFRICAN

WILD LIFE SOCIETY

STOP THIS!

The Society was formed to help save

the wild animals of East Africa by

financing and administering conserva-

tion projects.

Many elephant, rhino, leopard and

cheetah are i<illed each year by snares

and poisoned arrows. Help us to com-

bat this by joining the Society or by

making a donation or by buying our

wild life Christmas cards and calendars.

By joining the Society for $5.00 per

year membership, you will receive the

"Africana" magazine each quarter and

will be able to buy the Society's ties,

car badge and ladies' brooch. Also

available is the Scientific Journal.

In 1965, the Society financed conser-

vation projects in Kenya, Tanzania and

Uganda, to the sum of $36,000. For

1966, we need $180,000.

EAST AFRICAN
WILD LIFE SOCIETY

P.O. Box 20110
Nairobi, Kenya

Please enroll me as a member. I en-

close $

NAME

ADDRESS

CITY

STATE

ground—it is not designed to appeal to

the general public. The primary purpose

of the book is to describe cultural as-

semblages of New York State as they are

currently knov/n through archeology.

Second, these assemblages are related to

others, both geographically and chrono-

logically, to furnish a sequence of cul-

ture change for the entire northeastern

United States and adjacent areas, with

New York State as the focus of the se-

quence. Thus, comparisons are made
throughout to sites in Quebec. Pennsyl-

vania, New Jersey, and the New England

states. Finally, an effort is made to de-

scribe these assemblages in terms of

human behavior. To accomplish this last

aim, Ritchie found it useful to organize

the book in terms of Components.

Phases. Stages, Horizons, and other cate-

gories along the lines of Willey and

Phillips' recent synthesis, rather than

in the terms of the older McKern taxo-

nomic system. Since Ritchie's earlier

syntheses were set up according to the

older system, recurrent adjustments of

these two systems occur in the text. Al-

though professionals will thank Ritchie

for providing these equivalences, they do

not add to the readability of the book.

The only quibble I wish to raise is

with Dr. Ritcbie's interpretations of the

spread of Adena and Hopewellian burial

and artistic features throughout the

northeast from, roughly, 300 B.C. to a.d.

.500. While, as the author proposes, mi-

grations of people from the Ohio River

Valley area may account for this spread,

I wonder why he has failed to consider

the possibility that it may have been

caused by activities of a burial cult

rather than by population movements.

This interpretation is currently receiving

widespread attention among northeast-

ern archeologists. Possible cult-mission-

ary activities must be regarded as rea-

sonable alternatives to migration.

The format of this volume is excellent,

with fine photographs and line drawings,

and for a work of its size there are sur-

prisingly few typographical errors.

Ritchie's book is a tribute to his schol-

arly enthusiasm and painstaking re-

search on behalf of the prehistoric

peoples of New York State, and scholars

will depend on it for many years to come.

Richard A. Gould
The American Museum

Undervfater Guideposts. by Arthur D.

Hasler. University of Wisconsin Press,

S6.00: 155 pp., illus.

THIS is a true detective story. Unlike

the fictional kind, it does not come in

a neat package with a nicely tied-up end-

ing, for the mystery it describes is still in

the process of being solved. How does the

salmon find its way through a thousand

miles or more of trackless ocean, pick out

its own particular river to ascend, and

'BIMJ^M«*MVM!J'M.VMW^JJ'^^

NORTON
4 fascinating
new
booits

tOAHIT .

I

I:,

i

r>

^Jl

$ r DEATH fc*-

^f OF THE ^
; SWEET ^

wate^k

UGARIT AND
MINOAN CRETE

By Cyrus H. Gordon. A noted authoril

after analyzing Minoan and Ugaritic tax,

asserts that until some time after 15i,

B.C. Greece, Ugarit (capital of a not

Canaan Kingdom) and Israel all belongj

to the same cultural sphere. The imp^

of his book on archaeological studies Wj

be profound. $7.1

STRANGER
AND FRIEND
The Way of an
Anthropologist

By HoRTENSE Powdermaker. "Absoluti

excellent ... a unique, fascinating accon

of the work of one of our leading antbj

pologists."— Colin M. Turnbull. $6.!

THE SECRET ISLANDS^
An Exploration

By Franklin Russell. This vidid accoi

of the breeding grounds of sea birds

the North Atlantic Stamps the author i

"the most interesting and accompHs^

writer in the nature field since Rac 1

Carson."—front-page review. Book We
Illustrated. $5

'<

DEATH OF THE
SWEET WATERS

By Donald E. Carr. The brilliant resea)

chemist who examined air pollution

The Breath of Life now presents

expert study of water pollution (cau

and cure) throughout America.

Illustrated. $5

At all bookstores

W. W. NORTON & COMPANY, ir

.New York, N. Y. 10003
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en return to the very tributary in which

was hatched several years before?

here is now virtually conclusive evi-

ince that salmon recognize each parent

ream by its characteristic odor, but we

ive only vague ideas about the mecha-

sm that keeps these fish from getting

St in the open sea.

Dr. Hasler is one of the leading investi-

tors of homing in fish, and much of the

irk he describes is his own. That is un-

'uhledly why the book has the authentic

vor of research, and it is recommended
r I he unvarnished but exciting view it

esents of what scientific investigation is

ally like. Practically everyone has

ard about the great salmon mystery;

is book is a fascinating account of sci-

tilic progress in cracking the case.

James W. Atz
The American Museum

--RICA: A Natural History, by Leslie

'own. Random House, $20.00; 300 pp.,

us.

HHE casual browser in a bookstore who
opens this book will gasp with won-

r, as I did, at the beauty of the pic-

res. The serious reader will find the

it interesting and informative. Africa:

Natural History is part of the series

he Continents We Live On," and the

thor, whose clear, concise style is fa-

liar to readers of African literature,

s succeeded in presenting a broad pic-

re of this continent, backed up by
ars of firsthand experience. Leslie

iQwn has lived in Africa for twenty-five

ars, and has just recently retired as

ief Agriculturalist of Kenya. The
.cellence of the text matches his qual-

ations, and he is to be further com-
mented for having provided many of

pictures himself. These stand up well

side those of the professionals who
ve provided most of the photographs.

Each chapter describes a different re-

in of Africa, starting with its origin,

ology, and climate, and then going on

discuss the special kinds of organisms

It live there. Mammals take up a large

jportion of the text. This is perhaps

derstandable, since the large mam-
Is are such a dramatic feature of Af-

a, but I got a little bogged down
.ong the innumerable antelopes and

ind myself longing to hear about the

:gs, snakes, butterflies, and mantids.

e book does, after all. purport to be a

.ural history, not a mammal book.

The photographs are generally of the

best quality. Special commendation
1 be given to the work of Clem Haag-
, Alan Root, Emil Schulthess, and
T. Miller. The printers have done an

:ellent job of reproduction, and the

;st grade of paper has been used,

io, while a first-class text and a mag-
cent array of photographs have been

t„-.

nikkoriiiat ft
single lens 35mm reflex

The incomparable quality of Nikkor lenses, the exposure accuracy of a

thru-the-lens meter system, and the flawless performance of a camera
designed and built by Nikon. $269.50 with 50mm Auto-Nikkor f2 lens.

At your Nikon dealer, or write: Nikon Inc., Garden City, N. Y. 11533.

Subsidiary of Ehrenreich Photo-Optical Industries, Inc. ( In Canada: Anglophoto Ltd., Montreal, R Q.)

The new Uher 4000-L
is strictly for the birds.
Or any other natural sound for that matter.
It's the one portable tape recorder you can
rely on for performance, convenience and
precision. Here's why: Exclusive Akustomat
—records on sound impulse only. Leave it

out in the field all day. It will only record
when there is sound— no wasted tape; Dia-
P//of— automatic slide projector synchro-
nizer; ultra sensitive microphone; solid state
design; operates up to 12 hours; hi frequency
motors; digit counter; 4 speeds; and more

From the heights of Mt. Everest to the bot-
tomless pits of Africa, ornithologists, anthro-
pologists and scientists the world over have
found its full fidelity sound is incompar-
able. Visit your hi fi dealer for a startling

demo or write for literature: Dept. Bird,

Los Angeles: 2356 South Cotner; New
>.^ York City: 1199 Broadway; Chicago:

X^*^' ^ 5445 hiorth Lincoln Avenue.
iBLjf Sound begins and ends with a Uher
.-^>»^ Tape Recorder by ^Tgl^yTnartSLJ
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assembled, there has been a failure, ex-

cept in a general way. to relate the two.

With just a little more effort, other pic-

tures could have been found, equally

beautiful, that would have illustrated

the text more meaningfully. The reader

will be continually annoyed by failing to

find a picture of something discussed at

length in the text, and finding in it^ stead

a picture of something with scant rele-

vance to the chapter. For example, when

discussing the Sudanese semiarid transi-

tion zone, the author states that weaver-

birds are the most numerous birds in this

country, and devotes a long section to

them and another to ostriches, but in-

stead of picturing weavers or ostriches,

we are then shown two water birds (in a

chapter on dry country), the Egyptian

Goose and the Malachite Kingfisher. In

the chapter on the miombo woodlands,

the reader who wants to see a picture of

miombo woodland will be disappointed.

He can see instead a picture of a Lesser

Masked Weaverbird in an acacia tree;

neither bird nor tree is found in the

miombo habitat.

Over a third of the photographs in the

book are of mammals, mostly the large,

spectacular ones, but there is not a single

picture of an amphibian. This selection

of photographs with an eye to beauty

JOURNEY INTO THE

INCREDIBLE WORLD
OF THE INSECTS

A renowned entomologist, zoologist, and
author— one of the world's outstanding

authorities on insect life—is your guide

into a strange world that may outlast

our own. "I know of no other book which
will tell the reader so much and tell it

so interesting\y."—Joseph Wood KrutcJi,

MEET INSECT NAVIGATORS, WARRIORS,

BUILDERS, AND PREDATORS

The spectacular insect clan—a clan al-

ready old when dinosaurs roamed the

earth—includes a million distinct species

( over 6,000 new species are recorded
each year) and 80% of the world's
known animals. Now a master story-

teller of the drama of entomology de-

scribes in fascinating detail the bizarre

habits, instincts and intelligence of in-

sect architects, hunters, warriors and
navigators—from butterflies to dragon-
flies, wasps to water bugs, caterpillars

to katydids.

You will meet the Potter wasp, an insect

".Michelangelo"; the specially trained

and pampered fighting crickets on whom
as much as 890,000 was wagered while

they dueled to the death; great Mon-
arch butterflies who migrate from
Ontario to Mexico; assassin and kissing

bugs who kill their prey with built-in

hypodermic needles.

Other unbelievable skills evolved by in-

sects include making paper of excellent

quality, building architectural master-

pieces in cla\' and stone, drilling through
hard substances, and, by special chemi-

cals they secrete, forcing plants to build

homes for them.

LEARN THE ANSWERS TO THESE RIDDLES

OF THE INSECT WORLD

• Why arc some ants "smart" and others

"dumb"?

• Which insect devours her smaller part-

ner in the act of mating?

• What is the eerie sound made by death-

watch beetles?

• Which insect lays 43,000 eggs every day?

• How good a memory do cockroaches
have?

• How can you tell the temperature from
a cricket's chirps?

• How do you spot insect trails, nests, tun-

nels, etc.?

• How do insects use scents to communi-
cate?

Over 150 extraordinary illustrations and
photographs from the author's own col-

lection—one of the world's finest—add to

this book's unprecedented completeness
and fascination.

INSECTS is the second volume in the
Prentice-Hall series in nature and
NATURAL HISTORY. Consulting editor:

Joseph Wood Krutch. It is now at your
bookstore, or, for quick delivery, use the

free examination coupon.

f— FREE EXAMINATION COUPON

PRENTICE-HALL
Dept. 301, Englewood Cliffs, N.J. 07632

Send copies of INSECTS at S6.95 each.
I enclose check money order. ( Books
come postpaid. ) If I am not completely sat-
isfied I may return the book within 10 days,
and my money will be refunded.

NAME,

ADDRESS.

CITY

STATE. _ZIP_

rather than relevance makes one suspec

that the publisher may be aiming at pei

pie who will glance through the book fc

the glorious photographs but will m
bother to read the text. This would l

most regrettable, and would do a gra\

injustice to a fine piece of writing.

Apart from this. I can find little I

criticize. There are some minor errors i

the text, and the maps need a little moi
detail, but the level of accuracy is higl

and the style is readable.

A particularly commendable and tim

ly feature of the book is the emphasis c

conservation. As an agriculturalist. M
Brown is painfully aware of the disa

trous effects of the misuse of land, ar

he does not hesitate to point out exar

pies where political or economic e

pediency have devastated the natur

environment to the detriment of ever

thing—including man. It is painful

read of the eroded mountainsides

Ethiopia, or the wasteful slaughter

vast numbers of animals in the name
tsetse control. As Mr. Brown says in co

elusion, "Man would do well to reco

nize in Africa as elsewhere that 1 '

himself is a species of animal wholly d I

pendent on natural conditions for h

own survival. If he is to thrive, he mu
pay stricter attention to the details

his habitat than he does at present."'

G. Stuart Ki;n

The AmeHcan Museu

Marin'e Archaeology, edited by Jo:

du Plat Taylor. Thomas Y. Crowell Ci

$9.50; 208 pp., illus.

THE search for ancient remains on t

sea floor is an activity that knows :

limitation of nation or profession. T
divers range from amateurs out chid

for sport to dedicated professional arc!;

ologists. and they come from half a doz'

different countries. This has raised o

sizable difficulty: they publish tht

findings in all sorts of journals, fr(

sporting magazines to staid, scholar

periodicals, and in any number of \j

guages. The Confederation Mondiale d

Activites Subaquatiques, the dive

leading organization, decided to act '

the matter, and turned the problem ov

to Miss Taylor, librarian of the Univ(

sity of London's Institute of Archaeolut

The result is this book.

Miss Taylor has culled up-to-da

authoritative reports from variu

journals on most of the major excai

tions that have so far been undertakf

has had those in foreign languaa

turned into clear, readable English, a

has furnished all with full bibliog)

phies. There is George Karo's account

the first wreck to be excavated in \w

ern times, the lucky find off southe

Greece that furnished Athens' musei

with a number of magnificent pieces

sculpture. There is Nino Lambogli
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p-to-the-minute report on the Albenga

lip, the wine-freighter that, as it now
opears, may have been carrying as

uch as 70,000 gallons when it came to

lief off the Italian Riviera. There is

eorge Bass' succinct description of his

ink off the coast of southern Turkey

I tiie wreck of a vessel that had aboard

cargo of copper ingots and utensils

riibably taken on at Cyprus, known
r its rich copper deposits. This amaz-

g find dates to no less than the thir-

enth century B.C., predating most of

e others by a full millennium. To
uiid out the story, Miss Taylor in-

udes a chapter on the reconnaissance

id excavation of submerged ports and

irbors and similar sites, and a final

lapter. from her own pen, on the gen-

ial nature of the finds and on the prob-

im posed by changes in sea level.

Anyone interested in underwater ar-

tiildgy, whether scholar or amateur,

II lind this book ideal for providing a

lick, authoritative resume of what has

en accomplished so far. Let us hope

at the C.M.A.S. will continue to bring

t such useful roundups.

Lionel Casson
New York University

4TKR, Prey, and Game Birds of
)RTH America, edited by Alexander

etmore. National Geographic Society,

1.95; 464 pp., illus.

Mills is the second of a two-volume

work covering bird species of North
nerica, north of Mexico. It, too, is

ishly illustrated with paintings and
olographs. Despite a first printing of

. J.OOO and an assured enormous sale,

I price of $11.95 for each volume
: 'nis high. Nevertheless, the many
I table color photographs and much of

I artwork will be enjoyed by those

i, erested in birds, both the amateur and
\- professional. The outstanding pic-

I es were taken by such noted wildlife

1 olographers as Frederick Truslow,

^thur Allen, Eliot Porter, and others.

However, certain of the illustrations

c '. alas, not actual shots taken in the
' ild." but are of posed captives. This

^ uld have been acceptable with appro-

I ate captions; the reader is entitled

t vnow which pictures were made under
( itrolled conditions. The many fine

I ntings by Walter Weber are singu-

I ly attractive, although a number of

I m were depicted years ago in the

^lidiial Geographic Society's two-vol-

ii e work The Book of Birds. Most of

tj paintings by Allan Brooks, if not all,

^ also to be found in the earlier work.

'Inch of the text is written by some of

I world's outstanding ornithologists

II lor the able and eminent editorship

" Jr. Alexander Wetmore. However, the

> Iter articles, as well as the species

a ounts, are unsigned and were pre-

BRINKMANSHIP AT NIAGARA FALLS

We were astonished to find that an 8x10 enlarge-
ment of this Questar high-resolution closeup had
the quality we would expect from a press camera
only a few feet away. As this log teetered here
on the brink for a few moments, perhaps you can
see how tiny droplets of water were stopped cold
at f/18, on Tri-X film at 1/500 second. Please
notice the tremendous depth of field! That's what
small aperture and great distance make possible.
The grain was negligible, too, so we doff our
hats to Kodak for this splendid negative material.
Camera was a Questar-modified Nikon F, avail-
able only through us.

We left the sprocket holes on this section of
35-mm. film for you to see. It is always nice to
publish a closeup picture that could not possibly
have been faked, save perhaps from a balloon.
We doubt if any other telescope could take so
sharp a picture, for many reasons.
Each Questar is a labor of love. There are less

than 3000 of them throughout the world today.
We make only a few hundred each year, and
offer for sale only those whose optical quality
has been verified as superfine by testing on real
stars at night. Since Questars can excel only by

astonishing performance and perfection of image,
we must lake great pains to make sure each one
is a triumph of the optician's art, no matter how
long this takes, or how many attempts do not suc-
ceed. No lens or mirror is interchangeable; each
set is matched by selection and then "married"
by aspheric hand-retouching. Most of today's
Questars have mirrors of temperature-shock-
resistant quartz, the best material obtainable.
We have made this precious crystal available
since 1957, with the result that nearly all the
quartz-mirrored telescopes in the world are
Questars. Each lens-mirror set is held in only
one rotational position. The lens must drop off-
axis by .0015 inch, and then be free of all con-
straint in its precision cell, since any slightest
pressure from a retaining ring would derogate
the image. Thus the lens of every Questar ever
made should rattle when you shake the tube.
The old saying that "trifles make perfection,

but perfection is no trifle" seems very true to us
who find ourselves every day in the trifle business.
Only when we get each trifle just right can we
send another beautiful little Questar into the
world with pride and satisfaction.

Questar is the finest and most versatile small
telescope in the world. Prices begin at $795.
Send for your copy of the new 40-page booklet
with 8 pages of color and much general infor-
mation, with essays on optics, seeing and tele-
scopic photography. One dollar postpaid in
U. S., Mexico and Canada. By air to West
Indies and Central America, $2.30. By air to
Europe, N. Africa and S. America, $2.50. By
air to Australia and elsewhere, $3.50.

TAR
BOX 60 NEW HOPE, PENNSYLVANIA
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buy
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THE FIRST NAME IN EXPOSURE METERS

the

new

DAY&
NIGHT
super
sensitive

EXPOSURE
'CdS

METER
If you shoot more than 4 rolls of film a year and
don't limit your shots to the daylight hours, you're a

"serious" photographer. You need a reliable exposure

meter! The new Super Pilot CdS, made by world-famous

Gossen, will make you proud of every shot—color or

black and white.

The Super Pilot CdS accurately measures reflected or

incident light; two full measuring ranges: Normal and

Low Light. Scales; ASA 6 to 12500; f/1 to f/45; 1/1000

sec. to 2 hrs: EV-6 to -f24; Cine from 8 to 128fps.

Plus many other features that make the

Super Pilot CdS your best buy! See it to-day.

XEX-XN-O- PHOTO CORPORATION LS
P.O. BOX 1060 WOODSIDE, N. Y. 11377

A BERKEY PHOTO COMPANY

Share me Thrills

01 Exploring f
outer space •
All DYNASCOPES, including this

superb RV-6, 6-inch available

on easy terms! <,

Now it's easy to join the thousands of serious

amateurs.who have discovered the excitement

of exploring our mysterious universe. Your en-

joyment begins right from the start, yet the

challenges and rewards go on for years! And

It's a hobby that can be shared at modest cost.

Choose from a Full Range Of
DYNASCOPES® 4

' Starting at $49.95

Picking a telescope to fit your needs and your

pocketbook is simple when you select a

DYNASCOPE — the same Instruments used by

more than 150 schools, colleges and observ-

atories. Prices begin as low as $49.95, and

your satisfaction Is guaranteed by a full-

refund warranty.

FASCINATING GUIDE
YOURS FREE!

Read these valuable facts be-

fore buying any telescope. Mail

coupon or postcard for your
complimentary copy of this

helpful guide.

Criterion Manufacturing Co.

331 Church St., Hartford 1, Conn.

® TM Registered U.S. Pat. Office

CRITERION MANUFACTURING CO.
Dept. NH-66, 331 Church St., Hartford 1,

Please send your tree Telescope Guide.
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sumably written by Society staff person-

nel; these suffer by comparison. When
petrels are being discussed the reader

should not be faced with such anthropo-

morphisms as "Mother Carey's flock

sounds like elves talking in the earth."

A trained ornithologist would not be-

labor the serious reader with the gem
that describes the Harlequin Duck: "It

[the plumage] suggests the parti-colored

costume of Harlequin, Columbine's buf-

foonlike lover in 18th century Italian

comedy."

As with the first volume, a novel fea-

ture is the record album of bird sounds

enclosed at the back of the book. Most

of the vocalizations are excellently re-

produced and are an asset to the work,

but some of the descriptive commentary is

inaccurate. By no stretch of the imagin-

ation can it be said that the Ruffed

Grouse and the Blue Grouse, both wood-

land inhabitants, are "plump dwellers of

prairie and desert." or that the Lesser

Nighthawk. Pauraque, and Roadrunner,

all birds of arid lands, are to be found

in "cotton country."

These criticisms, however, do not de-

tract materially from the generally fine

volume—one that is certain to receive

wide acclaim.

John Bull
The American Museum

Prehistoric Societies, by Grahame

Clark and Stuart Piggott. Alfred A.

Knopf, S6.95; 356 pp., illus. Ancient

Europe, by Stuart Piggott. Aldine Pub-

lishing Co., S7.50; 343 pp.. illus.

Professors Clark and Piggott. of the

Universities of Cambridge and Edin-

burgh, are old hands at writing about

prehistory. These books are learned and

well written; the conclusions are tem-

pered without being timid, imaginative

without being fantastical. Prehistoric

Societies covers the world scene from the

beginning of man's story, although the

Far East is rather thinly treated. An-

cient Europe starts in the Late Paleo-

lithic and is concerned only with Europe.

There are details, hypotheses, and con-

clusions that prehistorians can and

should take issue with, but they do not

dim the excellence and usefulness of

these two surveys.

A strong word of caution must be

given to the unwary reader who basks in

the optimistic notion that human his-

tory is a spirited pageant of advance-

ment from savagery to civilization, from

rude animality to humane dignity. Nei-

ther author's historical viewpoint is one

of continual progress toward higher and

higher civilization, but rather one that

sees changing cultural structures with

increasingly complex technologies, while

man, the vehicle of history, remains

about the same.

"Much of human history and prehis-

WIDEN
YOUR
WORLD
OF NATURE
Just think of all the wonderful, tiny things

in nature you don't see. A really good mag-

nifier can open a whole new world for you

— even in your own backyard! This one has

a lens large enough to use with both eyes

—

3-7/8"x2"— and of the finest optical quality.

Of course, you will have many other uses for

it— map reading, looking at photographs,

deciphering small print — to name just a

few. Only $4.50 at optical, stationery, photo

stores and departments. For complete cata-

log of Readers and Magnifiers just write to

Bausch & Lomb, Rochester, New York 14602

Rectangular Reader by

BAUSCH S. LOMB^

THOTH—ancient Egyptian God of intellect—

in exact reproduction of a rare faience statu-

ette from the 26th Dynasty. Depicted with

head of the sacred "Ibis" bird, inhabitant of

the Nile marshes, THOTH was inventor of writ-

ing and patron of scribes and magicians.

Hand crafted in lasting Terrastone, this stun-

ning replica has a bright Nile-blue glaze like

the original. THOTH statuette, 4" high,

mounted on a walnut base, makes an appro-

priate gift for students and professional

people $7.95
Add 350 for postage and handling.

Send }0< for illustrated brochure of antiquity

reproductions.

Aladdin's Treasures, Inc.
Dept. N-6A • 648 Ninth Ave.

New York, N.Y. 10036
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tory had no grander theme than that of

the Jets and Sharks in West Side Story."

If this be a cruel judgment, then hear

Piggott's full indictment: "I have indi-

cated my sympathy with the view that

one of man's most deeply seated and

most cherished needs is for aggression

and dominance, violence and killing, di-

rected against his fellowmen." The evi-

dence leads us to believe that "what we
call civilisation is a most abnormal and

unpredictable event." Our disappoint-

ment in man—in his inability to profit

by his experiences, in his persistent folly,

in his cruel inhumanity—may be the re-

sult, Piggott suggests, of our expecting

too much of him, of our asking more

than man's biological self has to give.

But the disillusionment of the modern

historian, his realization that the his-

torical past appears to show neither a

pattern of continuous improvement nor

an eternal code of morality—and, hence,

no hope for a better future—is cynical,

but not pessimistic. Rather, these books

can be seen as testimonials to the rich-

ness, variety, and optimistic striving of

the human adventure over many hun-

dreds of millenniums in spite of man's

limitations. The Olympian gods, or what-

ever power we place in the empyrean,

must be astonished that we have done

as well as we have. Given our propensity

for power, avarice, and destruction, as

the archeological record amply docu-

ments, our accomplishments are sur-

prising. We may never achieve humanity,

but it is no small thing that we conceived

it and made it into a noble goal.

These broad implications, which

spring from these surveys of prehistory,

are deliberately stressed here because

they make archeological finds vital and
exciting. Both authors deal with the

minutiae of the trade—celts and arrow-

heads, pots and postholes, burials and
house plans—but they use the evidence to

reveal a coherent picture of man's ca-

pacity for culture and his experiences in

achieving it.

The volumes, particularly that of Pig-

gott, are handsomely illustrated, well

documented, indexed, and attractively

arranged. Either could serve as a college

text, but more important, both make for

absorbing reading even without the firm

pressure of a classroom assignment.

Bernard Goldman
Wayne State University

Of Special Interest:

Handbook of Middle American Indi-

ans, edited by Robert Wauchope. Univer-

sity of Texas Press.

Vol. 1, Natural Environment and
Early Cultures, edited by Robert C.

[West. 575.00; 570 pp.,il!us.

Vol. 2 and 3, Archaeology of South-
ern Mesoamerica, edited by Gordon R.

Willey. $15.00 each; 1084 pp., illus.

StoDD Frog lor Garden or Patio
This delightfully styled frog, symbol of rain and
fertility, is a fine example of realistic animal
sculpture from pre-Columbian Mexico.

Our weatherproof reproduction is an exact rep-

lica of the original in the Museum's Aztec art

collection.

tOVz" high $45.00—Express charges collect

Please send your ctieck or money order to..

Members of the

Museum are

entitled to a

10% discount.

Please add local

taxes where
applicable.

The American Museum
of Natural History,

New York, N.Y. 10024
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Next beit to owning a

$50 pair of binoculars,

$65 wortti of spotting

scope and a $30

telescope is tfiis

all-in-one Bicky ...

The new triple-duty

monocular system

complete '

with tripod,

pistol-grip,

window adapter,

case and strap.

It is entirely reasonable to question how any optical instrument can serve
so many purposes, cost so little and be any good. Well, ttie following facts
speak for themselves:
The "Bicky" is a 10-power, precision prismatic telescope individually i

limated and hand-finished. Not to be confused with those mass-prodU'
tubular (refraction) telescopes. 10x30 mm. coated Kellner achrom;
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sun 10-times bigger and better: flora and fauna; indoor
and outdoor spons; ttie planets.

I Mail to: Haverhill's 526 Washington Stir

I
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I

Please mail me the Bicky Monocular System,
,
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foam-lined gift box. Satisfaction or refund guaranteed.
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le copy of

this celebrated field guide. "Birds
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Deep Sky Photography ii-ilh

The Celestron 10
Schmidt Cassegrain Telescope as shown
here equipped with astro camera adap-

tor and the Celestron 4 Guide Scope.

You will be able to capture on film

exquisite details of the moon and
planets at exposure times of 1/10 to

1/100 second. For deep sky exposures

of faint nebulae, the Celestron 10 is

guided with a Celestron 4 Guide Tele-

scope at typical magnifications of 600X.

Visually or photographically, the Celes-

tron 10 is the ideal telescope for

educational institutions or the serious

amateur astronomer.

"Observational Astronomy" — a complete
lab manual — free to educational institu-

tions.
For more details on the Celestron 10 and
other telescopes jrom 4" to 36" write to:

Celestron Pacific
13214 Crenshaw Blvd., Gardena, Calif.

HANDCARVED IVORY PAINTED BIRDS

$6.95 P.P.D. ea.: 2" long.

Wood Duck, Mallard, Canada Goose, Pheasant, Quail,

Owl. Golden Pheasant, Blue Jay, Cardinal (M & F),

Bluebird, Eagle Pelican, Oriole, Kingfisher Penguin,

Titmouse, Tanager, Goldfinch

Unpainted Ivory Animals—2V4" long
$7.95 P.P.D. ea.;

Camel, Walrus, Kangaroo, Polar Bear, Fox.

Rhinoceros. Hippopotamus, Elephant, Lion, Tiger,

Deer, Bison, Seal, Dragon

NATUREIAND THE CAMERA

Ivory Horse, 2"-4.00, 3"~8.00. 4"-18.00, 5"-30.00
Ivory Shell, 2"-5.QD, 3"-10.00, 4"-25.a0, 5"-35.00

ST. GEORGE
AND DRAGON

2"-$10.DO, 3"-$20.00.

4"-$40.00, 5"-$65.00

FAYE HAUER
2414 Larchwood Rd. Wilmington 3, Del.

'Using polarized liglit

'By David Linton

WE are used to the idea that light

acts on film much as it acts on the

retinas of our eyes to produce an image.

There are qualities or characteristics of

light, however, to which our eyes are

blind. One of these is the ability of light

to be polarized: to be made to vibrate

back and forth on a single plane inter-

secting the axis of its direction, rather

than in a complex, three-dimensional,

wavelike pattern.

Light is polarized when reflected at

certain angles from certain shiny sur-

faces. The most common source of polar-

ized light is the sky. When light comes

from the sun it is not polarized, but light

reflected by moisture and dust in the at-

mosphere is polarized more or less com-

pletely, depending on what area of the

sky it comes from. The maximum polari-

zation occurs at an angle of 90 degrees

from the sun. Thus if the sun is to the

south, as it is around noon in the North

Temperate Zone, the sky to the east and

west will give light that is strongly polar-

ized (see drawing at right).

Polarized light affects film just as

unpolarized does, but it is useful be-

cause it can be controlled in ways that

ordinary light cannot. There are special

filters, or polarizers, that will pass the

light vibrating in one plane and block all

other light—just as color filters may
pass light of one color and block others.

Thus if we are photographing an object

against a background of sky, a polarizer

may make it possible to control the

brightness of light from the sky without

affecting the brightness of the subject.

This gives a photographer working out-

doors almost as much control as one

working in a studio where the back-

ground is separately lighted and con-

trolled by a dimmer. Furthermore, the

polarity of light has no effect on its color,

so polarizers can be used to darken the

sky in color photographs in the same way

that yellow or orange filters are used in

black and white.

Finding Polarized Zone

ONE obstacle in this procedure is that

the part of the sky that gives

strongly polarized light may not be in

the right place to form the background

for your subject. The polarization of

skylight is negligible near or opposite

the sun, and increases as one turns to-

ward the zone midway between. It is

helpful to remember that the highly

polarized zone will move as the sun

moves, so if it is not in the right place

at one hour, it may be there at another.

One need not make an astronomical cal

culation to figure out when this wil"

occur; a rough estimate is close enough

You can see the effect of a polarizin

filter simply by holding it to your ey

and rotating it. With cameras havin

through-the-lens viewing, you can plac

the polarizer over the lens and rotate i

For cameras lacking such viewing, pola:

izers with handles and viewing polarizer

are available. The viewing polarize:

which is attached to the handle, aligr

with the filter that goes over the lens, s

the filtering effect you see is identical t

that you will record on your film. C
course, you can always just look throng

the polarizer, find the best angle, an

place the polarizer over the camera's ler

at that angle. The photographer wi

probably not want to set the polarizf

for maximum darkening of the sky, b
cause that will give the picture an ui

natural and overdramatic look. Such
setting is sometimes useful for technici

photography, but an intermediate settii

is preferable for ordinary picture takin.'

Side-lighted Subjects

SINCE the highly polarized area of tl

sky is at a right angle to the sun, ai

picture made with that part of the si

for a background will have the sunligl

coming from the side. This is not o.

jectionable, but it may call for the ui

of reflectors to lighten the shadows.

With side-lighted subjects, an ace

rate reading of the exposure is impo

tant. A single over-all reading will oft«

give a wrong answer because the met

is influenced by the bright highlights c

the edge of the subject that is towai

the sun. Sometimes the background

David Linton's by-line has appeared
under photographs in all the nation's

leading magazines. For several years

he has written for Natural History.
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Iso bright and may lead the meter

stray. Therefore the light reading

bould, if possible, be taken close to the

ubject, so that the meter "sees" only the

lain parts of the subject and not the

ighlights or background. This may be

ifficult if the subject is as large as a

lountain or if it cannot be approached

asily to take a reading. In such cases the

Id rule of thumb is, "Side-lighted sub-

lets require a one-stop increase in ex-

osure." In other words, the exposure

idicated by an over-all reading should

e iluubled if the subject to be photo-

aphed is lighted from the side.

At least half of the light coming from

le subject will be blocked by the polar-

er. so the exposure determined from a

eter reading must be corrected for

;at. too. The best way to do this is by

king the light reading through the

jlarizer, which must be set at the angle

wliich it will be used for the picture.

ny reflected-light meter with a flat

lotucell can be used in this way if the

ilarizer is sufficiently large enough to

ver the cell completely.

If a reading cannot be taken through

e polarizer, the exposure shown by a

eter should be multiplied by three, an

iirated guess at the correction needed.

lese two corrections—one for the

;hting and the other for the blocking

light by the polarizer—are both ap-

ied to the exposure given by a meter,

lerefore. if the light cannot be meas-

ed close to the subject or through

e polarizer, the exposure determined

im a rough, over-all light reading

ould be multiplied by six. For ex-

iple. the aperture shown opposite 1/60
". should be used at 1/10 sec. If time

rmits. exposures for color photo-

aphs should be "bracketed" by mak-

l several exposures longer and shorter

in the estimated one. This procedure
not so necessary in black and white,

cause an error in exposure can be
' mpensated for in processing.

Reflecting Surfaces

)EiLECTioNS Other than atmospheric

( also polarize light. When ordinary,

I ])olarized light strikes a shiny surface,

I; part of that light that is vibrating

I lallel to the surface will reflect, while
I • rest of the light will penetrate the

.'"face reflection. The most common
• imple is reflection on water, although
I same thing occurs on ice, snow, and
< 'n on wet rocks.

Mippose we are photographing a lake.

e surface, of course, is horizontal.

1 dit vibrating in a horizontal plane

^ 1 skim off the surface; it is such light

t t makes the lake shine. Light vibrat-

i in other planes will penetrate the

s face, making it possible for us to see

! ) the lake. By using a polarizer over
t camera lens we can subdue or em-

I isize the reflections to get the sort of

picture we want. Here again, there is one

angle at which the effect of light polarity

is greatest. It is when the camera axis

is at 35 degrees to the surface. Here,

also, the exposure must either be meas-

ured through the polarizer or be cor-

rected for it.

The same principles apply to all shiny

subjects, but with things that can be

photographed under studio conditions-

objects in a glass case, glazed pottery,

or leaves sealed in plastic, for example—
we have even more control. Since polar-

izers can be obtained in any size, we can

fit one over the light source in addition to

the one attached to the camera. This

makes it possible to control surface re-

flections almost completely at any angle.

Polarized light also has specialized uses

in microscopy and astronomy, mineral-

ogy and engineering.

The special properties of polarized

light, and its many uses in photography,

are another demonstration that there is

more in light than meets the eye.

This list details the photographer, artist,

or other source of illustrations, by page.

26-Lee Boltin

28-31-Library of Congress
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R. C. Bigaike '°P riglit, Ross Jackson

22-National Parks Board 44-51-Nancy Flowers, Nan

23-25-R. D. Estes "^^ Palmer Photo Agency

Courtesy of National 66—AMNH after David
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"SCULPTURE
! UNDER
THE SKY"

WEDDING
RINGS

Created by the gifted Peter Lipman-Wulf ex-

clusively for this collection, this sensitive,

tender piece is one of many rare works of art

in the Brentano collection to enhance your

garden or terrace or any room in your home.
Exactly reproduced in permanent "Perdurate"

to vtfithstand any weather, any temperature.

WEDDING RINGS, 541/2" high, $300. Other

sculpture ranges in price from $35 to $600
and include many major pieces ranging from
Rodin to an 11th Century Siamese Buddha.

For a lavish catalog of photographs and de-

scriptions, send 25(: in coin. Dept. SUS-B.

586 Fifth Avenue, New York 10036 PL. 7-8600

Overseas*
IVature Tours
-1966-

For six years we have been organizing group
trips to investigate the natural history of Europe,
Africa and the rest of the world. Chief purpose
so far has been to see birds, including as many
rare and difficult species as possible. Ho^\ever,
a lull ecological piciure is sought, with attention
to botany, geology and archaeology where appro-
priate. Here is the program tor 1966:

- EUROPE -
NORTH WITH SPRING ON THE CONTINENT:

Start in southern France and move north with
bird nesting and spring flowers in Switzerland,
Austria, Germany and Holland. 1966 closed; next
tour in May 1967. Four weeks.

BRITAIN: Nature highlights of England, Wales
and Scotland at peak of bird nesting season. 1966
closed; next tour in June 1967. Three weeks.

SCANDINAVIA: Thrilling circuit of the Far
North: Norway's mountains, fjords and islands;
North Cape and the midnight sun; Lapland and
Sweden. Two 1966 departures—June 11 and June
25. Four weeks. Also spring, 1967.

ICELAND: Arctic wildflowers, northern nesting
birds and seabird cliffs, against a weird back-
ground of volcanoes, geysers and waterfalls. Two
departures—June 11 and July 2. Optional excur-
sion to Greenland after each tour.

- AFRICA -
BIRDS OF AFRICA: Circuit of west, south and

east Africa. Emphasis on birds (670 species on
last tour) and spectacular mammals. Ex-Belgian
Congo, Cape of Good Hope, Kruger Park, Vic-
toria Falls; choice nature spots of the less
crowded, less promoted parts of the continent,
plus all the unportant animal reserves of Kenya,
Uganda and Tanzania, July 30; four weeks plus
optional extra time in East Africa.

- SOUTH AMERICA -
COLOMBIA, ECUADOR & PERU: Tropical coast,

high Andes, upper Amazon Valley, Machu Pic-
chu, and an ocean trip into the Humboldt Cur-
rent, Sept. 24; three weeks.

CHILE & ARGENTINA: The southern Andes,
Straits of Magellan, Tierra del Fuego as far as
Ushuaia, Patagonia, Bariloche and the Argentine
lake district. October 15; 3 weeks,

BRAZIL: Broad coverage of one of the great
bird countries of the world. Iguazu Falls, Mt.
Itatiaia, Organ Mtns,, Rio, Mato Grosso and the
Amazon from Manaus to the sea, Nov. 5; 3 weeks.
GUIANAS & VENEZUELA: Jungle trips in Suri-

nam & British Guiana, Angel Falls in Venttruela,
coastal mtns. of Colombia. Nov. 26; 3 weeks.

- COMING LATER -
EUROPE: "Birds of the Mediterranean": high-

lights of Southern European birdlife from Gibral-
tar to Istanbul, "Birds Behind the Curtain":
little-visited regions of Poland, Czechoslovakia,
Hungary, Bulgaria, Rumania and Russia.

SOUTH PACIFIC: Four consecutive 3-week tours
in fall of 1967; Birds of Melanesia; Western Aus-
tralia; East & South Australia; New Zealand.

ASIA: Four consecutive 3-week tours in spring
of 1968: India & Nepal; Southeast Asia; Philip-
pines, Hongkong & Formosa; Japan.

- NORTH AMERICA TOURS -
TEXAS-MEXICO: Bird highlights of Texas coast

and X.E. Mexico; 2 weeks. March 25, 1967.
ARIZONA: Richest part of U.S. for rare bird

species; 2 weeks. May 21, 1966; May 13, 1967.
FLORIDA: Two-week circuit of chief bird local-

ities of the state, from Tallahassee to Key West
and the Dry Torlugas. Jan, 21, 1967.

SIERRAS & COAST RANGES: North with spring
from condor c()untr> ot Calif, to Vancou\er; 3
weeks, June, 1967. Similar Rockies tour in 1968.

ALASKA: Grand tour of nature spectaculars
of the state, including Arctic coast, the Aleutians
and the Pribilois. July 1967; 2-wk, and 4-wk.
\ersions.

NEWFOUNDLAND-LABRADOR: Bird islands of
the northeast; Newfoundland and Labrador coast.
June 1968.
YUCATAN: Mexican Yucatan, British Honduras,

Peten Jungle of Guatemala. 2 wks.; March 1967.
MEXICO: Six regional t\vo-week tours cover-

ing six different ecological areas.

Come along! . . . Intimate, private groups, expert
leadership. We seek out back-country routes, try
for an experience-in-depth of the natural scene and
the people. (Not recommended if you're strong for
night life.)

Crowder Nature Tours
Box 1760-a Washington, D.C. 20013
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"ORIOLE-FUN-BAR"
This exclusive "Oriole-Bar" will attract many
fun-loving golden Orioles to your garden, patio
or balcony (see actual photo). Their colorful
antics will delight you and your friends. A heart-
warming gift for any occasion. Rustless, so easy
to clean! Money back guarantee, full instruc-
tions. §3.95 plus 32cf postage. In Calif, add 16<^

tax. Sorry no COD's. HUMMINGBIRD
HEAVEN, Dept. N, 681S Apperson St.,
TUJUNGA, CALIF. (Makers of the popular
"Hummy-Bird Bar."®)

Ten miles at sea, ten cool miles from the
mainland's cacophony and crowds. Sea-
scope and skyscope undimmed ond un-
morred by streetlights, neon, jukeboxes,
billboards.

Dramatic cliffs and shoreline, spruce
forests explored by seventeen miles of
trails. Peaceful. And beautiful. S12 to $22
a person doily, with meals. Brochure.

THE ISLAND INN
Box H, Monhegan Island, Maine

CATCH INVADING CHIPMUNKS

alive unhurt!

Safe HAVAHART traps capture invading chip-
munks, squirrels, rabbits, mice, rats, sparrows,
opossums, skunks. Take mink, coon without in-

jury. Sizes for all needs. Easy to use—open ends
give animal confidence. Galvanized. No jaws or
springs to break. Straying pets, poultry released
unhurt. Write today for FREE illustrated guide
with trapping secrets.

HAVAHART, 158-G Water Street

Ossining, New York

Please send me FREE new 48-page guide and
price list.

Suggested

Ad(ditional Reading

THE PRIMITIVE LIFE
OF VIETNAM'S

MOUNTAIN PEOPLE
Ethnic Groups of Mainland South-

east Asia. F. M. Lebar et al. Human
Relations Area Files Press, New
Haven. 1964.

L'ExoTiQUE est Quotidien. G. Condo-

minas. Plon, Paris, 1966.

THE SPRINGBOK
The Migratory Springbucks of South

Africa. S. C. Cronwright-Schreiner.

T. Fisher Unwin, London, 1925.

The Mammals of South Africa.

A. Roberts. Trustees of the Mammals
of South Africa Book Fund, Johannes-

burg, 1951.

Extinct and Vanishing Mammals of

THE Old World. F. Harper. American

Committee for International Wild Life

Protection, New York, 1945.

SINGULAR METAL
FROM CINNABAR

Georcius Agricola: De Re Metallica.

H. C. and L. H. Hoover. Dover Pub-

lications. Inc., New York, 1950.

Geology and Quicksilver Deposits of
THE New Almaden District, Santa
Clara County, California. E. H.

Bailey and D. L. Everhart. U.S. Geo-

logical Survey Professional Paper 360,

1964.

The Minerals Yearbook. Issued annu-

ally. Bureau of Mines, Dept. of the

Interior.

NESTING OBSERVATION
The Sandhill Cranes. L. H. Walkin-

shaw. Cranbrook Institute of Science

Bulletin No. 29, Bloomfield Hills,

Mich., 1949.

The Herring Gull's World. N. Tinber-

gen. Collins, London. 195.3.

The Birds of the British Isles. D. A.

Bannerman. Vol. XI. Oliver & Boyd,

Edinburgh, 1953-63.

MITES ON A SUBSTRATE
An Introduction to Acarology. E. W.

Baker and G. W. Wharton. The Mac-
millan Co., New York. 1958.

Mites, or the Acari. T. E. Hughes.

Athlone Press, London, 1959.

The Biology and Ecology of Granary
Mites of the Pacific Northwest IV.

S. Radinovsky. Annals of the Entomo-

logical Society of America, Vol. 58,

pages 267-272, 1965.

POTTERY OF BARCELOS
Portugal, a Book of Folkways. R.

Gallop. Cambridge University Press,

Cambridge, 1961.

4-WAY "HUMMER" FEEDER
Hummingbirds, those jewel-like rascals, love to
play and sip 4-at-a-time at the one and only
*'Hummy-Bird Bar"® (See actual photo). Other
birds or bees can't reach the sugarwater. Drip-
less, rustless, so easy to clean! The heart-
warming gift for yourself, family, friends (and
Hummingbirds! ) for ail occasions. Money back
guarantee. Full instructions. $2.95 plus 24^ post-
age. In Calif, add 12c' tax. Sorry no COD's.
HUMMINGBIRD HEAVEN. Dept N, 681S
Apperson St., TUJUNGA, CALIF. (Makers of
the popular "Oriole-Fun-Bar" for fun-loving
Orioles!

)

PEDOMETER
How many miles do

you walk each day?

Pedometer will

tell you. Set it

to your stride,

clip to your belt

or slip in your

pocket. Pedom-

eter operates on

pendulum prin-

ciple and tallies your walking

score accurately. You'll be amazed

how much you walk. Clock your

hikes, errands, calls. Guaranteed 1

year, refund if not pleased.

$g95 2 for $13.25

plus 25(( post.

EASTMAN COMPANY
6 Industrial Bldg., Sausalito, Calif.

iiiiiiiiiiiiiiiii
Pitch

Camp
and hit the

Trail
. . . with camping and mountain-
eering equipment that meets
every test. 34 years of design,
manufacturing and importing ex-

perience. Outstanding selection
to travel light and right.

Write for new 56-page illustrated catalog.

(Enclose 25c for handling/mailing)
CAMP AND TRAIL OUTFITTERS
112 UE Chambers St., New York,N.Y.10007

(Please Print)

City State 2ip
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KEEP PACE WITH SPACE AGE! SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

for FUN, STUDY or PROFIT
'FISH' WITH A WAR SURPLUS

GIANT MAGNET
Bring Up Under-Waler Treasures "^

teal turn Profllable, tool Simply trail ItUt

lowerful 5 lb. Mayiiet uui Uie sieni of

our boat—retrieve outboard motors, flahtng

ackle, anchors, other metal valuables.

ilnfco V-Tyoe Magnei has terrific UftlnR
lower—:2flU0 Gauss rating— lifts over 150 lbs. on land—
nore under water. Many industrial uses, too: recover tools

ind parts frora inaccessible spots, hold work in place, rid

limp tlnors of riiclal fraginonts. pins, etc.

?tock No. 70.571-E 5-lb. Magnet $12.50 Pstpd.

?tock No. 70.570. E 3'/2-ib. Lifts 40 lb $ 8.75 Pstpd.

;tock No. 85.152-E IS^-ib. Magnet S33.60 FOB

SPECIAL! AMERICAN MADE!

OPAQUE PROJECTOR
Insert iliustrations up to 3" x IJVi" tn

project and enlarge them to 35" x 30"

if screen is QV2 ft. from projector.

No film or negatives needed. Projects
magazine pictures, photos, lettering

in fuli color or black-and-white. I'se

in darkened room for best results.

Operates on 115-volt A.C. current.

|i-ft. extension cord and plug included. Operates on GO watt
! mlb, not included. Approved by Underwriters' Labora-
lories. Inc. Size 12" x 8" x iVz" wide. Weight 1 lb. 2 oz.

'lastic case with built-in liandle.

;.tock No. 70,199-E $7.95 Postpaid

Brand New, Quick-Change, Industrial Surplus

.-.^^ NICKEL-CADMIUM BATTERY
Unparalleled Value

For the first time a 6-voIt, light-weight nickel-
cadmium battery in stainless steel, strap type-
casiny. 4-amp hour capacity. Almost unlimited
life — thousands of dischargeable cycles with
minute deterioration—charges fully in approx.
1 hr. with Edmund charger kit. Just a few drops

f water per year provide full maintenance. Hundreds of

scs for hobbyists, amateur photograpliers, campers, model
iiiiders, etc. Unequalled for rechargeable lanterns; cycle
lODicrs. and boat lights; portable fluorescent and ultra-
loift lights; electronic flash units. Battery requires mini
luiii of electrolyte; is sealed to pre\ent loss; delivers nearly
ii'i';^ of output at below freezing temperatures compared
I ."lO'^f by lead-acid batteries. Xo corrosive fumes under
ny stage of recharge. Stud tjDe terminals on top I^k"
part, marked for polarity; 6-32 thread, nuts and lo'

k

asliers. 6" x 2" x i". Wt. approx. 2 lbs.

took No. 70,776-E $15.00 Ppd.
[[AltOEK KIT FOK 6-VOLT BATTERY. Chargts in

p|iru\. 1 br. Shuts off automatically, attaches to Stock
>(i. 7ii,77ti liiilicry case. Includes transformer, ballast
r^islors. cliarncr circuit board, mounting hardware, 8 ft.

iird. plug switi-li, assembly instr.

;tock No. 70,807- E S8.00 Ppd.

i.\E 1.2 VOLT NICKEL-CADMIUM CELL
tock No. 40,798-E S3. 95 Ppd.

'Balls of Fun" for Kids . . . Traffic Stoppers for

itores . . . Terrific for Amateur Meteorologists . . .

SURPLUS GIANT WEATHER BALLOONS
At last . . . a\aiiable again in l)ig

8-ft. diameter. Create a neighbor-
liood sensation. Great backyard fun.
Exciting beach attraction. Blow up
with vacuum cleaners or auto air hose.
Sturdy enough for liard play; all

other uses. Filled witli lieliuni (avail-
able locally) use balloons high in the
sky to attract crowds, advertise store
sales, announce fair openings, etc.

Amateur meteorologists use iDalloons
1 measure cloud heights, wind speed, temperature, pres-
:ll|•^, humidity at various heights. Photographers can
lilize for luw-cost aerial photos. Recent Gov't, surplus

t' licavy. black, neoprene rubber,
tock No. 60,568-E $2.00 Ppd.

LIGHTLY HEAVIER RUBBER-LATER MANUFACTURE!
tock No. 60,562-E—4 ft. diam. size $2.00 Ppd.

landymen, Hobbyists, Homeowners!

NGENIOUS NEW VACUUM BASE

'\akes Tools and Appliances

ortable

..iiw mu\e all kinds of normally bolted-
iiwn devices from place to place. Ma-
iinifd top surface of Vacuum Base
rilled to securely hold vices, miter
iixes. drills, reflectors, gages, measur-
1;; devices, food clioppers and other
iiuie appliances. Base also handily
daitted for mounting camera, binocu-
ir or telescope to car window. Bottom plate of lieavy nco-

j

rene attaches securely (by vacuum) vertically, horizontally,
.en upside down to linoleum, metal, porcelain, formica,

' lass, etc. Unit resists 50 to 75-lb, force parallel to base.
iu)-lb. force perpendicular to base. Ruggedly constructed of
i-t aluminum. Gray baked enamel finish. Top surface
leasures 278" s 3%". Overall size 5" s 41/1" s 2" high.

tock No. 60,567-E $3.00 Postpaid

BE READY FOR THE MOON SHOTS
Itanger, Surreyor, Luna: Orbut.T u.-nuuiiiicd space probes
ivill slied exciting new liglu on the mystery of the moon
atid outer space. See the results close-up. Edmund low-cost,
top-quality equipment and accessories put you right there—provide valuable and complete information to keep you
•^" target.

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE

Photographers! Adapt your camera to this Scope for ex-
cellent Telephoto shots and fascinating photos of moon I

10 rsic
:k No

Famriii^ Mt Palomar Type I An Unusual Buyl
^ See the Rings of Saturn, the

fascinating planet Mars, huge
craters on the Moon. Phases of

Venus. Equatorial mount w;:h
< lock on both axes. Aluminized
i and over-coated 3" diameter
^ high-speed f/10 mirror. Tele-
! scope comes equipped with a

i tU)X eyepiece and a mounted
: Barlow Lens. Optical Finder
; Telescope included. Hardwood,
portable tripod. FREE with

» ' * J Scope: Valuable STAR CHART
page -H.-iNDlUtOK OF HEAVENS" plus "HOW
yoi:r TEMCSCOPK" BOGE,
85.050-E $29.95 Postpaid

414" Reflection Telescope—up to 270 Power
Stock No. 85-105-E $79-50 F.O-B.

Superb 6" Reflector Telescope
Up to 57t} Power Equatorial mount and Pedestal Base
Stock No. 85.086-E $199.50 F.O.B.

New! 7 in 1 Combinatloni Pocket-Size

~P SO POWER MICROSCOPE
and 10 POWER TELESCOPE

(B
Useful Telescope and Microscope combined
in one amazing, precision instrument. Im-
ported! No larger than a fountain pen.

Telescope is 10 Power. Microscope magni-
fies 50 Times. Sharp focus at any range.

Handy for sports, looking at small objects.

Stock No. 3O.059-E $4.50 ppd

AGES-OLD FOSSIL COLLECTIONS
.\ii 3 full id?
'M faiiia.stic plant ana aiiimal fossils
— all for $3-75. EAUTU SCIENTIST
SET: Dinosaur hone, crinoid stem,
horn coral, worm tubes, petriSej
niKiii. bryozoa stem, lamp shell.
jcallnp. sea urchin, ovster. clam,
5nail fossil CARBOMFKUOUH
SET: Bracbipnd. worm hurl, crlnold

Btem, fustiUne. horn coral, bryozoan. en&i] and clam
CRETACEOr'S SET: Brachipod. oyster, sea urchin, pertl-

fled wood. ere. All three sets for one low price'

Stock No. 50.344- E S3.75 Postpaid

SCIENCE TREASURE CHESTS
Science Treasure Chest—extra powerful mag
nets, polarizing liliers, compass, one -way
mirror him, prisms, dilfraction grating, and
lots of other items for hundreds of thrilling
experiments, plus a Ten Lens Kit for mak-
ing telescopes, microscopes, etc. Full in

^tructions.

Stock No. 70,342-E $5.50 Pstpd.
Science Treasure Chest Deluxe—Everything in Chest above
plus exciting additional items for more advanced experi-
ments, including crystal-growing kit, electric motor mo
lecular set. first-surface mirrors, and lots more
Stock No. 70.343-E $10 50 postpaid

SOLID WOODEN PUZZLES
12 DifTereni puzzles that will Btimulatt
your ability to think and reason. Here
is a fascinating assortment of wood puz
zles that will provide hours of pleasure
Twelve different puzzles, animals an

'

geometric forms to take apart and reas
semble, give a chance for all the family ioung or ol i to

test skill, patience and, best of all, to stimulate ability to

think and reason while having lots of fun. Order yours now.

Stock No. 70.205-E $3.00 Postpaid

CRYSTAL GROWING KIT

^ BuB B %ii ^^ ^ Crysiallograptiy project iUus-^ ^^Ss^-^9 ^- ^^^'-^^ ^^''-'^ large beautiful crystals"^^^ -^c.^
yijjj grow yourself. Kit includes the
book "Crystals and Crystal Growing"
and a generous supply of the chemi-
cals you need to grow large display
crystals of potassium aluminum sul-

fate (clear), potassium sulfate (purple), potassium sodium
tartrate (clear), nickel sulfate hexahydrate (blue green) or
heptahydrale (greenj, potassium ferricyanide (red), and
copper acetate (blue green).
Stock No. 70,336-E $9.50 Postpaid

Games of Logic For Thinkers!

WFF'N PROOF
L^^^HSk.. Exciting as poker, complex as chess.

'iives practice in abstract thinking and
A*-V.X niath logic. Developed by contemporars'
s*-.V_-\ Yale professor. If you think learning

should be fun, try WIFF"X PROOF
brain-to-brain combat! 21 games of pro-

\% gressive difficulty. Starts with simple
games mastered by some 6-year olds,

ends with subtle logic to challenge pro-
fessional logicians. 8^" x u%" case contains logic cubes,
playing mats, timer and 224 page Inst. book.

Stock No. €0,525-E $6.00 Ppd.

WFF'N PROOF EQUATIONS. 5 games for grades 1-12

Stock No. 60.526-E $2.50 Ppd.

fascinating Toy Adoptafion of Binary Digital Computer

BEAT "DR. NIM" IN ANCIENT GAME!
_ Not easy, but fun for all! Thrilling

for youngsters. Challenging for
adults. Teaches computer fundamen-

\ '' ^^W '^'*'^' "'il^'out need for mathematical

\ \ ^ *^^ ability. To play, release 1 to 3 mar-
\ ~--—•'^^g^'*^^ bles for roll down plastic game
\ V?^' board through series of flip-flop^ channels. How you SET flip-flops to

begin and path r,f travel for each
marble, determines path of succeeding marbles. All plays
predictable. Now DR. NIM automatically plays I, 2 or 3
marbles. If you can make him take the last marble you win!
Game great for playroom and j}arties, year-round fun. Dur-
able red & white plastic 11-^4" s, 12'^2" x V.ii". 24-p.
Instruction Booklet.

Stock No. 70.8I6-E $2.98 Ppd.

WAR SURPLUS! AMERICAN-MADE

7x50 BINOCULARS
Big savings! Brand new I Crystal clear
viewing^? power. Every optical element
is coated. An excellent night glass—the
size recommended for satellite viewing.
Individual eye focus. Exit pupil 7mm.
Approx. field at 1,000 yds. is 376 ft.

Carrying case included. American 7s50's
normally cost $274.50. Our war surplus
price saves you real money.
-Stock No. 1544-E only $74.80 Ppd.

7 X 35 AMERICAN MADE BINOCULARS
Stock No. 964-E $55.00 Ppd.

6 X 30 Binoculars—similar to above and a terrific bargain.
Stock No. 963-E $40.00 Ppd.

Precision Marine Time Piece

SHIP'S BELL CLOCK
Faithful Time Afloat or Ashore

Handsome metal case in either brass or
chrome. Highly corrosion resistant for use
un shipboard or home. Finely piade, un-
usually high Quality. 8-day elock has

familiar 1 to 12 dial—also marked with 24 hour system of

timekeeping and traditional watch periods from Evening
(or First) Watch through Second Dog Watch. Chimes nau-
tical half-hour intervals from 1 lo 8 bells (can be turned
ol^). Thermometer at bottom of dial. Wt. 6 lbs.

Stock No. 70.781 -E Brass $60.00 Ppd.

Stock No. 70.782-E Chrome $60.00 Ppd.

Solve Problems! Tell Fortunes! Play Gomes!

NEW WORKING MODEL
DIGITAL COMPUTER

Actual Miniature Version of
Giant Electronic Brains .

Fascinating new sce-iliruugh model ./^
computer actually solves problems,
teaches computer fundamentals. Adds,
subtracts, multiplies, shifts, complements, carries, mem-
orizes, counts, compares, sequences. Attractively colored,

rigid plastic parts easily assembled. 12" s Z% s 4% .

Incl. step-by-step assembly diagrams. 32-page instruction

book covering operation, computer language (binary sys-

tem), programming. prnblLins and 15 esperimentfl.

Stock No. 70,683-E $5.98 Ppd,

DETAILED PROGRAMMING BOOKLET
FOR EXPERIMENTS

Stock No. 9080-E (50 Pages) $'00 Ppd-

Order by Stock No.-Send Check or MONEY ORDER
Money-Back Guarantee

EDMUND SCIENTIFIC CO., Borrington, N. J.

I

IMAIL COUPON for FREE CATALOG "E"
EDMUND SCIENTIFIC CO..
Barrington, New Jersey 08007

Completely New 1966 Edition—
148 Pages-Nearly 4500

Bargains
Please rush Free Giani Catalog E
Name
Address

City State Zip

fSff

ORDER BY SrOCK NUMBER • OPEN ACCr. TO RATED FIRMS • SATISFACTION GUARANTBBD!

EDMUND SCIENTIFIC CO»# barrington, new jersey obooz



Only one ^ thru-the-lens

meter system lets

you do thi^^

its interchangeable!

The PhotomicT interchanges with

all other Nikon F finders. It trans-

forms the Nikon F into a totally

new instrument, combining the

accuracy of thru-the-lens expos-

ure control with the picture qual-

ity inherent in the Nikkor lenses.

The Photomic-equipped Nikon F

retains the full convenience of au-

tomatic diaphragm action. The

lens diaphragm remains -wide

open -for focusing and viewing,

even while the camera is being

set for correct exposure. It stops

down only when the shutter is re-

leased and then instantly reopens.

The interchangeable Photomic T

is another dramatic example of the

enduring vitality of the

Nikon F. For you can enjoy

its advantages whether

you obtained your Nikon

F today, yesterday or .

seven years ago.

If you are earnestly

considering the cre-

ative possibilities of

35mm photography,

ask your dealer for a

demonstration of the

Nikon F system. Or

write for details.

Nikon Inc., Garden City, N.Y. 11533 Subsidiary of Ehrenreich

Photo-Optical Industries, Inc. (In Canada: Anglophoto Ltd., Montrea



August-September 1966 • 700

I

!f

\
%

:' r

Improbable mollusks

called nudibranchs

Shakespeare's "Hamlet"
in Africa

The Maine coast

as seen by Eliot Porter
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This fly is buzzing

an IBM computer

with new facts

abovit your eyes

ANYONE who has ever swung a fly

^swatter knows that a housefly is

a whiz at dodging danger.

What makes a fly so spry?

At Caltech, the California Insti-

tute of Technology, biologists use

an IBM computer to help find out.

The housefly in this experiment

is in contact with a sensitive meter

that can measure its slightest move.

Soon it will be startled by a ray of

outside light.

As it reacts, the direction and

speed of its flying movements will

be recorded into an IBM computer.

Soon the computer will print out

a detailed analysis of the fly's dodg-

ing apparatus. It may also help

scientists learn how your eyes can

trigger you into action.

Clues about you

Nine out of every ten messages your

brain receives— like the words

you're reading now — are sent by

your eyes. Yet biologists have only

a sketchy idea of how the eye con-

verts light images into electrical

nerve impulses, and how impulses

are received by the brain and trans-

lated into specific actions.

A clue to solving this mystery

came to Caltech's scientists. They

saw a striking similarity between

living nervous systems and the elec-

trical impulses of a computer. Thus,

an IBM computer could be used to

simulate a living nervous system,

they reasoned.

Working with flies and other sim-

ple insects, Caltech's scientists have

used computer studies to gain new

information about the interaction of

the eye and the brain—and the ways

we respond to the world around us.

Computer cuts weeks to minutes

The Director of Caltech's Comput-

ing Center said: "Our new Neuro-

logical Research Program is one of

many hundred large-scale projects

we are now handling with comput-

ers. With them we can obtain data

to finish experiments in minutes—
even seconds. Formerly, the analyti-

cal work alone would take weeks of

staff time."

IBM

This housefly, holding its "pacifier," is giving infnrniation to an IBM computer. These experiments

help Caltech biologists gain new insight into how we see, and how we respond to outside stimnli.
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COVER: Nudibranchs, which look much more like art forms than living or

tures. are members of a large group of marine and fresh-water animals tl

includes the sea hares. These three tiny carnivores are feeding on the tentaci

of Porpita, a siphonophore. Their mating behavior is extraordinary, becai

nudibranchs are hermaphroditic. While their penes are intertwined, eggs

extruded from the female organs of both animals. Mr. William M. Stephens to

the cover picture as well as those that illustrate his article on pages 44 and '
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The Encyclopedia of World Art

is a treasured possession for

those of us who share a deep interest

in the visual arts €^=DTo learn how

you may acquire this sumptuous

dl L llDrdiy lor lOme, send for a

complimentary 20-page Prospectus.

There is no obligation

»

' ;

"The Encyclopedia of
World Art is a monument to man's

visual imagination."
SATURDAY REVIEW

The Encyclopedia of World Art embraces, in 15 volumes of surpassing
beauty, all of man's greatest achievements in the visual arts through

the centuries. It has fully 7,000 full-page plates, and hundreds of illuminating
essays by the foremost art authorities of our time. The prospectus above
gives you full details of this incomparable art library and the special budget
plan available to subscribers. For your copy, simply mail the attached card.

McGRAW-HILL BOOK COMPANY, 351 WEST 41ST STREET, NEW YORK, N.Y. 10036



If you
spot a
Red-Footed

Booby. .

.

Chances are you won't find

a Red-Footed Booby this side of

the Galapagos. But if enjoying

nature is your cup of tea, you
need this fine scope by Bausch
& Lomb. Bright, clear twenty-
power magnification puts
your subject right in front of you.

Six-lens system coated for sharp

contrast, is protected against dust

and moisture in a tough alumi-

num body casting. Focus by
simply turning the eyepiece.

Built-in tripod lug fits all standard
camera tripods. And the price?

Nice! Only $24.95. See it at your
dealer's or write for

the Balscope

folder. Bausch &
Lomb, Rochester,

N.Y, 14602

reach
for your

Balscope
20

BAUSCH S. LOMB (V

ABOUT THE AUTHORS
The author of "The Grand Canal of China," Lyn Harrington,

was born in Sault Ste Marie. Canada. A graduate of the Univer-

sity of Toronto's Library School, she has worked in libraries in

Sault Ste Marie and Toronto for fifteen years. In addition, Mrs.

Harrington is an author and a traveler. She and her photogra-

pher husband have jointly produced numerous children's books,

as well as books and articles on their extensive travels. A recent

trip to China is the basis for the Grand Canal article.

11^
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"Control Systems in Bird Reproduction" was written by

Donald S. Farner, former Dean of the Graduate School

Washington State University and now Professor of Zoophysi

ogy at the University of Washington, Seattle. Dr. Farner

author of approximately one hundred research papers in avi

physiology, avian biology, entomology, and other areas of bi

ogy. A member of many scientific societies, he is currently S

retary-General of the International Union of Biological Scicm

Dr. Laura Bohannan. formerly a lecturer in anthropology at

the University of Chicago and at Northwestern, is now a profes-

sor at the University of Illinois. She received the B.A. degree in

anthropology and classics and the M.A. degree in German from

the University of Arizona. Her doctorate, awarded in 1951, was

earned at Oxford. Mrs. Bohannan. whose Shakespeare article

was originally written for the BBC's Third Programme, often

contributes to anthropological journals and to books on Africa.

Eliot Porter is a graduate of the Harvard Medical School a]

taught biochemistry and bacteriology at Harvard from 1930

1

1939. He gave up medicine and turned to photography in 19

after a successful exhibition of his photographic work. He ll

subsequently exhibited in many museums, including the m
seum of Modern Art in New York and The Art Institute

li
Chicago. His article on Maine is taken from his recent bo

Sujnmer Island: Penobscot Country (© 1966 by the Sierra CI

William M. Stephens, who wrote the article on nudibranchs, is

Public Information Officer of the Institute of Marine Science,

University of Miami. FoiTnerly an attorney and the editor and

publisher of several outdoor magazines, Mr. Stephens devotes

his spare time to studying marine animals. G.P. Putnam's Sons

will shortly publish his latest book. Science Beneath the Sea:

The Story of Oceanography. A book he is now writing will ex-

plore the ecology of the Atlantic seashore.

Dr. Robert S. Sigafoos and his wife. Dr. Mary D. Sigafo(

have long engaged in botanical research for the U.S. Geologic

Survey; he since 1948, and she for four summers. Their comm
interest is the relationship between plants and regional wat

resources. Dr. Sigafoos, who received his doctorate from Hi

vard. lectures on plant ecology at George Washington Univi

sity. His wife obtained a doctorate from Ohio State and is

assistant professor at the University of Virginia.

Dr. Carlo T. E. Gay was born in Italy and holds a doctorate in

economics from the University of Naples. He retired in 1961

from the presidency of the Italian steel industry's Canadian

subsidiary to devote full time to Olmec research. Dr. Gay has

been interested in ancient Mexican art since 1955, particularly

the art of the lithic cultures of the Rio de las Balsas in the State

of Guerrero. He is now working on a study of Mezcala stone

sculpture that will be published by the Museum of Primitive Art.
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F you have ever been enchanted by Shake-
speare's poignant tale of young lovers, you
will be thrilled by this unforgettable per-

rmance. Here, in an inspired interpretation,

vely Claire Bloom portrays the girl Juliet,

rn between conflicting loyalties., .the exciting

w star Albert Finney (of Tom Jones fame) is

impetuous, virile Romeo... and the formi-
ble Dame Edith Evans is superb as the Nurse.

This full-length recorded
production, which Life called

"the season's most notable re-

lease," is offered to you for

only $1 (catalogue price:

$17.85) to introduce a new
dimension in the enjoyment
of the world's greatest plays.

The Shakespeare
Recording Society

le Society is offering, for the first time on long-

lying records, all of Shakespeare's tragedies,

medics and historical plays — in new full-

ngth productions expressly created for listen-

g pleasure. These performances — skillfully

ending word, music and background effect —
ing into your home all of the color and excite-

ent of the Shakespearean stage. You follow

e whispered plottings, the soaring love lyrics

. . hear the ring of trumpets, the clash of

'ords in battle . . . find yourself swept into the

eming world of Shakespeare's characters.

Each play features a star cast

3r each new production, the Society has en-

ted the talents of the most distinguished per-

rmers in the theatre. Sir John Gielgud gives a

ofoundly moving interpretation of the tragic

ng, Richard II; Siobhan McKenna is a delight-

I Viola in "Twelfth Night;" Richard Burton
ilivers a biting performance in the title role of

"Coriolanus;" Paul Scofield is an electrifying

Hamlet. Other players participating in this series

include Sir Ralph Richardson, Margaret Leigh-
ton, Anthony Quayle, Jessica Tandy, Sir Michael
Redgrave, Rex Harrison, Pamela Brown, and
Hugh Griffith — to name only a few.

You choose only the plays you vrant

As a member of the Society, you are offered

each full-scale production at a substantial sav-

ing. Although these albums cost non-members
far more, you pay only $8.90 and $12.90 for

two-record and three-record boxed sets. (Stereo

and monaural versions are available at the same
price.) Each album comes complete with fasci-

nating program notes, and the text of the play

beautifully printed in a separate volume.

Your only obligation is to purchase as few as

four albums over the next two years — taking

your choice from either forthcoming selections

or from the Society's extensive library of re-

corded Shakespeare works.

Under the Society's liberal bonus policy, you
receive a noted Caedmon spoken-word record-

ing (catalogue price: $,'i.95 or more) as a free

gift with every second album you accept. Thus,
you can build a fascinating spoken-word record
collection of poetry and literature at no addi-

tional cost through Society membership.

Enroll now— send no money

To introduce you to the pleasures you will enjoy
as a member, you are invited to accept the

Society's magnificent three-record album of
Romeo and Juliet for only $1, plus shipping. If,

for any reason, you are not delighted with this

introductory album, you may return it within
10 days, cancel your membership, and owe
nothing. Mail the coupon at the right to take
advantage of this special offer to new members.

The Shakespeare
Recording Society

505 Eighth Avenue, N.Y., N.Y. 10018

Please send me the complete Shakespeare
Recording Society album of fiomeo and
Juliet and bill me only SI. plus shipping.
Also enroll me as a member in the Society.
I will be notified in advance of all new
releases, and may also choose from a wide
range of albums already issued.

My only obligation is to accept four ad-
ditional albums of my choice over the next
two years. I w;ill pay the special members'
price of only S8.90 for two-record albums
and S12.90 for three-record albums (same
low price for monaural or stereo, and I
may change over at any time). With every
second album I purchase. I will receive a
valuable Caedmon spoken-word recording
as a FREE bonus gift.

Until further notice, send records in:
Monaural (play on any 33^3 LP phono-

graph) n Stereo (play only on stereophonic
equipment.)

// not delighted, return trial album
in 10 days to cancel memtjership.

Name

Address

City

Zone or
State Zip No

NOTE: Canada included In this membership invitation.

NH-8-66
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Another wise, delightful—

and useful— book about
discovering

nature's bounty

By EUELL GIBBONS

StalUtng the
Healthful
Herbs

Foreword by Elizabeth C. Hall,

Associate Curator of Education,
The New York Botanical Garden

After gaining fame for his foraging
books. Stalking the Wild Aspar-
agus and Stalking the Blue-
Eyed Scallop, Euell Gibbons set

out to discover more about the wild
herbs and plants that country folk
and primitive people have used for
food and medicine. He also decided
to explore the nutritional and me-
dicinal elements in these wild
plants that for the most part have
not been analyzed for such prop-
erties before. Some cues he took
directly from the herb lore of his
Pennsylvania Dutch neighbors.
Some answers came from the
fields, from his own kitchen, and
even from a laboratory at Penn-
sylvania State University where
nutritionists analyzed food values
in plants he gathered.

For many readers, Euell Gibbons'
book about his adventures with
wild herbs will be his most fasci-

nating. In addition to foraging in
the fields and woods and cooking
tasty herb dishes, jellies, and jams,
he has made and tested a wide
variety of home remedies, herbal
cosmetics, scents, drinks, and to-

baccos. In his relaxed and enter-
taining style, he blends personal
anecdotes with recipes, nature lore
and information. The result is a
book that will delight armchair
readers and send nature lovers on
foraging ex]jeditions of their own,
stalking and finding the healthful
herbs that abound in fields, woods,
roadsides, swamps, and hedgerows.

Illustrated with drawings
of plants by Raymond W. Rose

$6.95 at all bookstores

DAVID McKAY COMPANY, INC.—— New York, N.Y. 10017 i^—

BOOKSIIN REVIEW

IA foursome on nature
IBy Robert Cushman Murphy

The Best Time of Year, by Irving

Petite. Doubleday & Co., $3.95; 191 pp.,

illus. The Year Outdoors, by Eva Rodi-

mer. Rutgers University Press, $6.95;

294 pp., illus. The Sense of Wonder, by

Rachel Carson. Harper & Roiv, $5.95;

94 pp., illus. Wapiti Wilderness, by

Margaret and Glaus Murie. Alfred A.

Knopf, $5.95; 302 pp., illus.

Why are editors so prone to send out

for appraisal new books that have

been stripped of their dust jackets? It is

no mystery to a reviewer who has many
times suffered the deprivation! What,

you will agree, is a better substitute for

the labor of reading a long text than the

publisher's admirably condensed judg-

ment of its superior merits? And from

what source other than the blurb on a

jacket could be prepared a review so sure

to delight both author and publisher?

With this preamble. I testify that my
opinions on the following four volumes

are based on perusal inside the covers.

The Best Time of Year, by Irving Pe-

tite, is a collection of seventeen short es-

says, all relating to the natural history of

the mighty "Northwest." The author is

both a horny-handed farmer and rancher

and a man in closest sympathy with the

wilderness—its waters, rock, soil, and

life. He knows his plants and animals

well, and he indulges in no anthropomor-

phizing. His accounts of turtles, coyotes,

opossums, and other creatures ring true

as contributions to an understanding of

animal behavior.

As literature, Petite's product relies

overmuch on colorful, even startling, ad-

jectives. His opening quotation from

Thoreau leads one to muse on that mas-

ter's stout reliance on the verb in his un-

matched journals; on his knowledge,

presumably subconscious, that the sure

way to grip readers is "to show 'em

rather than to tell 'em."

Eva Rodimer's The Year Outdoors is,

like Petite's book, parochial, but even

more so. Its setting is old and long-popu-

lated New Jersey, instead of the state of

Washington, where man still struggles

harder to beat down nature than to live

with her happily ever after. But what a

wealth of native life remains in the small,

heavily occupied terrain of one of the

thirteen original colonies—to anyone

properly equipped to find and recognize

it! One need only read Miss Rodimer's

chapter on "Forest Night" to be over-

whelmed by that truth.

Her compass includes the whole ex-

panse of the environment and seasoi

the entire range of life from hchens

hemlocks, spiders to Luna moths, sa

manders to serpents, pine siskins to ba

eagles, mice and shrews to black bea

What a pageant the outdoors offers to

who cultivate and steadfastly make u

of their five senses!

Perhaps this author's book is a 1

overcrowded with incident and a cc

trived synthesis of situation. Perhaps h

creatures "think" a little too much
man, himself the self-styled Lord

Creation, might think under the sai

circumstances. Nor does she always 1

the correct technical term, as when s

calls the mouse's whiskers "vibrasst

Nevertheless, her book includes a lar

proportion of the education that mt

citizens of New Jersey, to their loss, ha

never learned.

The Sense of Wonder, by the late B

chel Carson, is a publisher's post-morte

buildup of notes that she had assembi

toward the creation of a future book. T
relatively slight text has been incorp

rated with photographs of appropria

charm, and the product is truly beau

ful. Even though Miss Carson's pages a

scarcely sufficient to add to her stature

a naturalist of first rank, she sounds

irresistible call for reverence for life ai

all the cosmos in the education of ch

dren. And this gifted and lament

woman knew the meaning in the words

the Jesuit of tradition: Give me the fij

six years of the child, and I care not wl

continues his education.

And now for the book by the Murii

IFapiti If-'ilderness—pure gold, eve

word of it, every sketch. "Mardy" ai

Glaus, happy mortals, never lost a jot

their sense of wonder, from the crad

up. They are steeped in it. and Glaus h

died in it. I find it hard to turn to the ta

of reviewing when flooded with the ass

ciations my own ivife and I have had wi

the Muries in the shadow of the Grai

Tetons. and in the lake and alpine fa

nesses of remotest New Zealand.

This is by no means a posthumo

book. It was composed during ma
years by the joint authors, and mold

into final form by Mrs. Murie after s

alone remained. Each chapter is head

by the initials of the member of the pi

who wrote it. Yet, the work is a h<

monious unity, flowing without jolt

dislocation.

Both Muries are no less precise th

competent as naturalists. Each has spe

a lifetime loving neighbors, whether ii



About Stonehenge Decoded-
a new book reviewers are calling ''as fascinating

an archaeological detective story as our time has seen."^

"Stonehenge is unique. In all the world there is nothing quite

like the gaunt ruin which Henry James said 'stands as lonely

in history as it does on the great plain.' What purpose did it

serve? Was it a city of the dead? A Druid place of horrid
sacrifice? A temple of the sun? A market? What was it . . .

and when?"

With these words, Gerald S. Hawkins begins the account of his

dramatic evidence that ancient England's "Druid temple" was actually
a sophisticated, brilliantly conceived astronomical observatory ... a
Neolithic computer designed and used by three different groups of
people over a 400-year period beginning about 1900 B.C. Stonehenge
Decoded is the full story of how a twentieth-century astronomer — and
sixty seconds of computer time — solved one of the great puzzles of
the ancient world.

Dr. Hawkins, a professor of astronomy at Boston University and
astronomer at the Smithsonian Astrophysical Observatory, first became
interested in Stonehenge a dozen years ago, while working at a nearby
missile-testing base just north of the ancient monument. Challenged by
the known astronomical fact that the main axis of Stonehenge is aligned
to the midsummer sunrise, he returned to Stonehenge in 1961 to photo-
graph the phenomenon for himself. Immediately he became aware of
questions which the massive stones themselves seemed to pose:

* Why had the midsummer sunrise alignment been
so beautifully and precisely established?

* Why were the great archways so astonishingly
narrow, restricting the observer's view as sighting

instruments do?

* Most important, if the monument's original pur-
pose had merely been to mark the midsummer
solstice, why had the many other stones — the

many other precise alignments and controlled

vistas — been so painstakingly erected?

How the computer was used
e

"I felt that my field of observation was being tightly

controlled, as by sighting instruments . .
." Dr. Hawkins

speculated on the possibility that Stonehenge might
have other solar alignments — and immediately realized

that to answer this question would require a great volume of trial-and-

error work well suited to computer analysis. He and his programmers
gave the computer specific pertinent information about the positions of
the stones at Stonehenge and the stars, planets, and other bodies of
the sky. In his words, "it was as if [we] told the machine to stand at each
of the selected points, look across each of the other points to the

horizon, and each time report what spot of the sky it saw." The task

took the computer less than a minute. The results were astonishing.

I
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Stonehenae computer: schematic plan

The dramatic facts were these: Each signifi-

cant stone aligns with at least one other to point
to some extreme position of the sun or moon.
The mysterious circle of 56 "Aubrey" holes
that ring the arches was probably used as an
eclipse predicter. Stonehenge was an astro-

nomical observatory and a good one. In fact,

Dr. Hawkins believes, Stonehenge astronomy
was so sophisticated that its Stone Age astron-
omers had apparently observed a phenomenon
which had escaped modern astronomers: that

eclipses of the moon occur in 56-year cycles.

stonehenge Decoded
The full story of how these facts were un-

covered, and what their significance may be,
is told in Stonehonge Decoded. The Smith-
sonian Astrophysical Observatory News calls

it "a fascinating, explosive chapter [in] the
3500-year-old story." In addition to describing
the astronomic discoveries. Dr. Hawkins, with
Dr. John B. White, his collaborator, fills you in

on the fascinating mythology
that has grown up around
Stonehenge, and on the re-

markable techniques used in its

construction. For, as archae-
ologists know, the building of
Stonehenge, with huge stones
carried across 100 miles of
land and sea, was in itself a
miraculous feat of construc-
tion. The book is indexed and
illustrated with more than
twenty brilliant photographs
and endpaper maps of Stone-
henge. It is a volume every
reader of Natural History will

want to read and own. For this

reason, it is being offered on a

special trial basis. Send the coupon for your
copy now. If you are not completely fascinated
by Stonehenge Decoded, simply return the
book within two weeks and owe nothing.

FREE EXAMINATION COUPON

To your bookseller, or

DOUBLEDAY & COMPANY, INC.
Dept. 6-NH-8, Garden City, New York

Please send me copies of Stonehenge Decoded.
I understand that I may return the book(s) within two
weeks and owe nothing. Otherwise, you will bill me just
$5.95 per copy plus shipping charges as payment in full.
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G.

NAME.

ADDRESS.

CITY STATE. .ZIP CODE.

S.WE. Send payment now and we pay postage. Same
return privilege guaranteed.



unique Nikon35mm
underwater camera
requires no housing

Water-proof, oorrosion-resistani,

and pressure-proofed to depths

of 160 feet, the amphibious Nikonos

offers unique advantages for

underwater photography.

With its slight negative buoyancy

and over-sized controls, the Nikonos

handles more easily under water

than many other cameras do on land.

There is no bulky, unwieldy

housing to impede freedom of

movement. And, when not in use,

it can hang from the shoulder strap,

leaving both hands free.

The Nikonos is the first camera to

offer high-definition optics designed

expressly for underwater use.

The new 28mm UW-Nikkor f3.5

lens, for example, provides full

compensation for underwater color

aberration and distortion. It

interchanges with the 35mm Nikkor

f2.5, which may also be used

for above-water photography.

Price of the Nikonos is $ 1 59.50 with

35mm f2.5 lens. Accessories include

underwater flash and exposure

meter. At better camera and
sporting goods dealers, or write:

Nikon Inc., Garden City, N.Y. 1 1533
Subsid. of Ehienreich Photo-Optical Industries. Inc.

man or infrahuman (I am tempted to

write "superhuman" | . In addition,

Olaus had the talent as well as the soul

of a true artist. Every sketch he ever

drew of the world in which he dwelt is

simply right.

Their feelings about the natural world

are expressed by the words on the plaque

above the fireplace of the luxurious

Murie log home in Moose. Wyoming:

"The wonder of the world,

the beauty and the power,

the shapes of things,

their colours, lights, and shades;

these I saw.

Look ye also while life lasts."

Dr. Murphy, Lamont Curator Emeritus

of Birds at The American Museum, is

also a iiell-knoun zoologist and author.

\

a totally new concep

Red Man's Religion, by Ruth M. Un-

derbill. The University oj Chicago Press,

$7.95; 301 pp., illus.

IN the lucid, easy style we have come

to expect from her. Ruth M. Underbill

presents a "popular" volume on an im-

portant aspect of American Indian life.

Popular is in quotes because only the

absence of citations, footnotes, detailed

descriptions of apparatus and processes,

and exhaustive analysis separates this

graceful work from the scientific cate-

gory. Her frequent descriptions of per-

sonal exf)eriences in the field add fresh-

ness, excitement, and reality to the text.

Dr. Underbill holds that basic to the

spiritual conceptions of all American

Indian groups is a body of beliefs re-

markably similar to the substratum of

religious notions common to primitive

cultures throughout the world. Her

thought is that the ancestors of the In-

dians who migrated to the Americas

from Asia during the late Ice Age. per-

haps twenty thousand years ago. brought

with them the kit bag of religious notions

possessed by all early human groups.

The work is developed by considering

the variations played on these notions

by many different Indian groups (and,

indeed, still played, for the author brings

her study into modern Indian life and

the North American Church) under eco-

logical and economic pressures or the

strong personalities of occasional, effec-

tive reUgious innovators.

There is no one Indian religion, of

course, even as there is no one religion

among other groups of peoples, and of

necessity. Dr. Underbill selects specific

tribes to illustrate inevitable general-

ities. The book is concerned primarily

with Indians north of Mexico, but even

so, her field of choice is very wide, and

she has had to consider reli.gious influ-

ences from Latin America, as they im-

pinged on North American tribes. Her

choice of individual tribes is good.

)

LEITZ TRINOVID

BINOCULARS
Some binoculars never let you forget they'

weighing you down. Not Trinovids. They fit cor

fortably in your jacket pocket (taking little mo

room than your sunglasses). The popular 7 x ;

weighs only ISVi ounces. That's lighter than co

ventional models of much lower power. J

What makes Trinovid such a standout? Leitz, usir

experience gained perfecting the renowned Leica

cameras, designed Trinovid with a special priS'

and an unusual arrangement of optical element

The result is not only leaner, lighter glasses, b

an image that is unusually clear and bright. /

1000 yards the viewing field of the Trinovid 6 x

;

is 212 yards wide—
with 40% more area

than conventional

models.

Dustproof and remark-

ably water resistant,

this lightweight is

good for a lifetime of

heavy duty. Choose

from 4 models, 6x24,

7 X 35, 8 x 32, 10 x 40, at your franchised Lei

Binocular Dealer.

TRINOVID USUAL GLASS
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The Natural Science Book Club

invites you to

Take any 3 BOOK!^ ...09C
VALUES UP TO $43.25!

WTT^W^TT7n^^f9 One of your 3 choices could even

be this remarloble new volume!

1. THE SEX LIFE OF THE ANIMALS
Herbert Wendt's astonisliing boolv describes tine vast and

often incredible processes of reproduction in the animal world

— from the amoeba to the elephant. Abounding in curious

and little-Iinown facts about the mating and courting habits

— the sometimes bizarre sexual behavior — of all species, the

book is also beautifully illustrated with over 100 striking

photographs and drawings. List Price 57.95

ORDER YOUR BOOKS BY NUMBER.
ON ENROLLMENT FORM BELOW

• Yes, as a

new/ member of

The Natural Science Bool< Club,

you can take any 3 books on this page— all

for a total price of 990—together with your

first selection at the greatly reduced mem-
bership prices listed after each book de-

scribed below.

• Thousands of members are finding that

The Natural Science Book Club is a remark-

able source of exciting and opulent books

on animal life, nature, astronomy, explora-

tion, space flight, and many other fascinat-

ing subjects. Ranging from anthropology to

meteorology, from oceanography to zoology,

this unique book service presents the latest

and most important works by leading au-

thorities in the natural sciences— all at sav-

ings up to 40%!
• Simply indicate the books you want by

number on the Enrollment Form below.

Please mail this Form immediately because

fulfillment of this offer can only be guar-

anteed for 30 days.

n 2. AUDUBON'S WILDLIFE
EdiU'd hy EJn-in ll\iv Tcalc.

Magnificent collection of Audu-
bon's birds and mammals, re-

produccLl in full folio size, many
in brilliant color, Li^r Price
Sn.no. Member's Price $8.95
a 3. UNDERSTANDING ANI-
MALS By Gcrluinl Groncfch!.
An absorbing study of animal
behavior — highlighted by over
150 pages of extraordinary pho-
locraphs, 24 in exquisite color.

List Price $7.95. Member's
Price $5.95.

D 4. THE ANCIENT SUN KING-
DOMS OF THE AMERICAS ;?.v

Victor W . von Hu^cn. A master-
ful recreation of ihe splendid but

vanished civilizations of the

Aztec, Maya, and Inca peoples.

620 oversized pages. Over 200
drawings, maps, and photographs
in color and b. & w. List .Price

$15.00. Member's Price $7.95.

a 5. THE YEAR OF THE GO-
RILLA flv Gf<.rL,vB.5t7i(i//t'r.The

remarkable best-seller about go-

rillas in their natural habitat, by
a man who mingled with them
—unarmed & unharmed. Aston-

ishing pholocraphs. List Price

$5.95. Member's Price $4.95.

ne. THE AGE OF REPTILES
By Eiln-in //. Colbert. The ab-

sorbing story of the giant rep-

tiles who roamed the earth for

200 million years and then be-

came mysteriously extinct. Writ-
ten by the foremost authority on
dinosaurs. Li.\f Price $8.50.
Member's Price $6.95.

D 7. MATTER, EARTH AND
SKY By George Gamow. A lead-

ing science writer's entertaining

tour of the physical world, from
the infinitesimal to the infinite.

"A most fascinalinc journey."
-,V. Y. TuuL-\. List Price SI 1.35.

Member's Price $6.95.

G 8. TESTAMENTS OF TIME
By Leo Deuel. A compelling ac-

count of the work being done to

retrieve and restore ancient texts,

lost alphabets and other records

upon which past societies have
left us their jecacies. 645 pp.;

profusely illus. Li.^t Price $S.95.

Member's Price $6.75.

9. MAMMALS OF NORTH
AMERICA By I'ictor H. Calia-

lanc. The authoritative guide to

all species of mammals in the

U.S. & Canada, covering 1500
mammals in all— their breeding

styles, feeding habits, life spans,

habitats, and more. 682 pp.; pro-

fusely illus, Z.M/ Price $7.95.
Member's Price $5.95.

D 10. THE GREAT AMERICAN
FOREST By Rutherford Phut. A
beautifully illustrated nature
classic on the splendors of our
wilderness. Li.st Price $6.95.
Member's Price $5.50.

D 11. MASERS AND LASERS
By M. Brotherfon. A lucid, non-
technical introduction lo masers
and lasers and their extraordi-

nary impact on science and com-
munications. Lf'.T/ Price $8.50.

Member's Price $5.95.

n 12. THE LIFE OF BIRDS By
Joel Carl H'clty. A magnificent.

546-page treasury of scientific

fact about our fine-feathered
friends. 318 illus. List Price
$12.95. Member's Price $9.00.

D 13. PICTORIAL GUIDE TO
THE PLANETS By Jo.scph H.
Jackson. This comprehensive,
oversized volume reviews all

that is known about the solar

system today. Covers up-to-date

discoveries in astronomy and
space sciences, illus. List Price

$7.95. Member's Price $5.95.

14. THE ANIMAL KINGDOM
By Robert T. Orr. An intriguing

gLiide to the incredible diversity

of the animal world—from pro-

tozoa through man. Hundreds of
striking photos in color and b. &
w. List Price $9.95. Member's
Price $7.95.

a 15. HUMAN BEHAVIOR By
Berclson and Steincr. Over 1000
scientifically substantiated facts

on almost every aspect of human
activity—sex. race, religion, poli-

tics, plus many others. List Price

$13.25. Member's Price $8.95.

n 16. SCIENCE: U.S.A. By IVil-

liuni Gihnan. The true state of
American science today — its

awesome influence on politics &
economics; the personalities of
key scientists; and the dramatic
new ;id\ances in the laborato-

ries. 500 pp. List Price $7.95.

Member's Price $5.95.

D 17. THE GREAT SAHARA B,v

James Welhird. A panoramic
view of nature's "Sea of Sand"
from Ice Age to today— set

against the backdrop of history.

Illus. List Price $6.95. Member's
Price $5.50.

ENROLLMENT FORM-SEND NO MONEY
Mail to: NATURAL SCIENCE BOOK CLUB. 59 Fourth Avenue. New York. N. Y. 10003

Gentlemen: Please enroll me as a member and send the 3 introductory books I have indicated

below for a total of only 99tf-together with my first selection at the reduced members price, also

indicated below.

My only obligation Is to accept three more selections or alternates during the coming year, and

I will receive a free Bonus Book ol my choice for every fourth book I purchase.

[Indicate the books you want by number below]

• Send the following 3 books— all for 99(:: ] :
i Send the following book as my first selection at the reduced member's price:
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Address_

City _2ip Code_



She ranges from the Tlingit of the

Northwest Coast to the Cheyenne of the

Plains, the Iroquois of the northeastern,

and the Creeks of the southeastern.

Woodlands, the Pueblos of the South-

west, and the Naskapi of Canada. She

speaks of ceremonialism in its many
forms—hunting rituals, war ceremonies,

vision experiences, and devices for.avoid-

ing harm from the dead. Groups are

considered in their cultural setting as

hunters and gatherers, hunters and

farmers, and Plains nomads.

The illustrations are good and apt.

The bibliography is excellent. In short,

buy this one.

James L. Swauger
Carnegie Museum

The Ancient Past of Mexico, by Alma
M. Reed. Croicn Publishers, Inc., S7.50;

388 pp., illus.

As a record of the author's lifelong

jCa. association wth Mexico and its pre-

Columbian archeology. Alma Reed's

new book. The Ancient Past of Mexico,

should not be overlooked. Her aim is ''to

link descriptions of recent archeological

discoveries with historical data to give a

broad survey of what is now known of

pre-Conquest Middle America."

She has long been known as an enthu-

siastic admirer of Mexico, and in writing

about it her training as a newspaper-

woman is always conspicuously evident.

When she discusses archeology, she

attempts to restate the arguments of the

professionals without passing judgment

on them and without seeking to reconcile

the striking inconsistencies among dif-

ferent experts' conclusions. Her method
is to report in haste, rather than to re-

solve. The tone is breathless and newsy

—telling wonderful facts that strain be-

lief but never supplying the reader with

proofs or detailed descriptions.

Errors of fact and involuntary misrep-

resentations often occur. Fantastic no-

tions receive the same respect as proved

and tested theories. The pace is as rapid

as air travel, leaping about from topics to

places to people to anecdotes.

The merit of the book lies in the record

of her personal experiences. When she

describes a place or a site, it is in relation

to the people she has known who w-orked

there. Ideas and theories are offered as

those of specific persons. Like the text,

the illustrations are of uneven quality

and interest, but some are indispensable

and unique.

Although it falls short in perspective

and balance, the text is rich in colorful

detail, and mentions many lesser-publi-

cized sites. When the chaff of "journal-

ese" is separated from the wheat of expe-

rience, a good deal of nutriment remains.

George Kubler
Yale Lniversity

Disaster by Default, by Frank C
ham. Jr. M. Evans & Co., S4.95; 256 <

This book is an interesting addition

the literature of what might be cal

"ecopathology," since it reports, o i

and over again, the confusion in

minds of people—many in important u
influential positions—between moi
and the health and general well-being

the environment, including human
ings. In a country and period unpre

dented in the history of the world for,

"high" living standard (which might

questioned on philosophic or semar

grounds), with the highest national
;

capita income ever known, with incr

ible amounts of money being spent

gadgets and baubles, and with corpo

tions breaking all records with the m
nitude of their profits, we have hert

record of citizens, politicians, and bi

nessraen whining that they cannot

ford" to keep increasingly unbelieva

amounts and combinations of ordure

of their drinking and bathing wate

Based largely on House Coramitt

Public Health Service, and Health. Ei

cation and Welfare hearings and repoi

Disaster by Default shows the noiso

state of our major river basins, par

from human wastes and partly from

dustrial wastes, for the disposal of wht,

neither the body politic nor the busin'

conununity has taken the responsibili

"The system!' It has an
interchangeable everything.

6 lenses. 4 film backs. 4 viewfinders. All interchangeable. So you can go from color

to black and white midroll. Shoot what you want. Without limitation. It takes 5

cameras to do what "the system" can do. That's why "this is a system, not to be

confused with a camera." For further information, write : Paillard Incorporated,

1900 Lower Road, Linden, New Jersey HASS€LBLAD
10



Indeed, the author cites several instances

of business blackmail: make us dispose

of our own wastes and we'll move out of

the town or state. The ineffectuality of

local and state authorities forces the in-

tervention of national government to

which so many businessmen object. (The

book gives a good background for under-

standing the shocking Spilhaus report.)

The solutions Mr. Graham suggests

are not very encouraging. One experi-

nent he seems to view with favor is that

' he wastes be "oxidized to carbon diox-

de and water" and driven out through

chimneys, disregarding the already sig-

lificant increase in carbon dioxide that

ivas recently discussed at a conference

)f the Conservation Foundation.

Nowhere does he advocate, as an obvi-

)us part of the solution, stabilization—or

r;ven reduction—of population. In a finite

vorld a limit must be reached sometime;

he sooner the better. The recent Hudson

liver Commission Report projects a

lopulation of 30 million humans for New
fork State within 34 years, most of it in

he Hudson Valley. Does anyone think

his area can be saved from slum deterio-

ration with such densities and such quan-

ities of waste to be got rid of? Even

hough the money piles up and up?

Mr. Graham says, of New York City:

'One recent sewage program cost the

ity $87 million; it is estimated that 1450

oillion will be needed to complete the

onstruction of interceptor sewers and

;
reatment plants before the city's wastes

Ivill approach modern . . . standards."

The book is deficient in failing to iden-

ify the sources of its citations and quota-

ions and. like more and more books cur-

J ently published, has a miserable index.

William Vogt
The Conservation Foundation

Southern Africa : During the Iron

Vge, by Brian Fagan. Frederick A. Prae-

'.er, $7.50; 222 pp., illus.

rHis is a welcome addition to the

"Ancient Peoples and Places" series

hat has done so much to present, in a

traightforward fashion, the findings of

rcheologists and ethnohistorians. Brian

''agan's contribution to the series pro-

lides a conservative outline of the mate-

ials at hand, as well as bibliographic

;uides to further study. For the serious

tudent. this volume is a useful begin-

ling; for the lay reader, the numerous
laps, line drawings, and photographs

•lay be enough.

The book has thirteen chapters, all of

hem short. They cover geography; cli-

(late; ethnic distributions: Stone Age
ultures; early subsistence farmers; the

pread of iron technology; Zimbabwe,
lonomotapa. and Inyanga cultures: and
egional summaries of cultural develop-

lents in Zambia. Rhodesia, and South

Jrica. The final chapter is a brief excur-

FISHES^ OF THE
GREATBARRIER REEF

and Coastal Waters of

Queensland

by Tom C. Marshall

A large, beautifully illustrated book to grace a naturalist's

library. 792 large pages with 72 pages in full color. A
valuable reference to the fishes of the entire Indo-Pacific

region. $24.50

LIVINGSTON PUBLISHING COMPANY
Narberth, Pennsylvania 19072

Inquire about our other natural history titles, including THE BIRDS
OF COLOMBIA, PENNSYLVANIA BIRDS, CARIBBEAN SEA-

SHELLS, FURRED ANIMALS OF AUSTRALIA, PARROTS OF
AUSTRALIA.

Show your slides sharper,
more colorfully alive

The Nikkormat Automatic Slide Projector comes equipped with

4" Nikkor f3.5 coated lens. Operates automatically, manually, or by

remote control. Handles circular trays, straight trays, and slides with-

out trays, singly or in bulk. Offers slide previewing and editing facilities.

Completely self-contained, with retractable pull-out power cord. Only

$149.50 with circular tray, straight tray and 500 watt lamp.

nikkormat
world's only slide projector
with famous Nikkor optics
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THE BOY
A PHOTOGRAPHIC ESSAY
• Here are boys, boys of all nations,
boys of all sizes, in all their wild, won-
derful ways, leaping or lounging, learn-
ing or laughing, by turns thoughtful, shy,
or gravely introspective, or bursting
forth to frolic in the ocean breakers, rev-
el in the sunlight, or bound with joyful
abandon in the wide open spaces. Above
all, here is the surging, shouting joy of
being alive and young in a brand new
world. This book is boyhood.

• THE BOY-A Photographic Essay,
belongs in every collection of fine pho-
tography. This magnificent voiume is stiJI

avQiJabie at special low pre-publication
prices. To receive, entirely free, a full-
color illustrated brochure, just fill out
and mail the handy coupon beJow.

Please send me your free color bro- i

chure on your book THE BOY-A Pho- !

tographic Essay. I

NAME

ADDRESS

CITY

STATE ZIP CODE
Please print clearly, or type. Thank you.

Booh itoi'izons, inc.
Dept. 46, 437 Fifth Avenue

New York, N, Y. 10016
M i^« ^^ ^^ m^ ^^ m^ ^^ ^^ HH M^ mma ^^ ^^«
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sion into events of the nineteenth century.

Most of these chapters are only ten or

so pages long. Given such brevity and the

high informational content of the text,

the reading is not always easy. Let the at-

tention wander, even for a phrase, and a

one and only reference to the important

Neolithic site of Nok may well be missed.

An index, which otherwise appears to be

fairly complete, has no entry for Nok
and none for the Neolithic, although

there is a useful map showing the distri-

bution of these early cultures, and sev-

eral pages are devoted to their review.

Marginal headings and references are

a great convenience to the reader in re-

lating the text to the numerous illustra-

tions. Most of the line drawings indicate

size by means of reduction ratios, such as

1:4, 1:9. etc. A reader lacking a pair of

proportional dividers or a ruler, and the

time and willingness to do the necessary

arithmetic, may never get a very clear

idea of the actual sizes of the many dif-

ferent artifacts—from finger rings to bat-

tle axes—that are illustrated. Distribu-

tion maps and plans of different sites are

all clearly drawn and keyed both to the

text and relevant photographs. The
plates themselves are well repioduced,

and many of them are of striking quality.

In a Preface, Fagan informs the

reader that the text of the book was com-

pleted prior to a recent revision of much
of the terminology for the different peri-

ods and cultures of African prehistory. A
lack of uniformity has long plagued the

technical literature on African arche-

ology and prehistory, and it is particu-

larly unfortunate that the text of the vol-

ume under review does not include a

table or chart showing the various cul-

tural sequences and the names they are

given by different authors. This would be

of great help both to the general reader

and the student. If further editions of

Southern Africa are planned (and, in

view of the rate at which discoveries are

being made in the archeology of Africa,

a new edition soon will be mandatory),

such a chart should have priority over all

other revisions. In the meantime, Pa-

gan's present volume must stand as one

of the best available introductions to the

prehistory of Central and South Africa.

Francis P, Conant
Hunter College

The Art of the Romans, by J. M. C.

Toynbee. Frederick A. Praeger, $7.50;

271 pp., illus.

BOOKS on Roman art have appeared

with moderate frequency in recent

years, part of the general outpouring of

lavishly illustrated art publications with

abbreviated texts. Because Roman art

has been less well served than other

periods, the publication of books in this

field has rendered valuable assistance to

the student or layman interested in this

fa^lJClU^riAKC^MAKCJ^^WUCCSXVUC

A dynamic approach
to the exciting story of
the American West-

past, present, and future

.

By W. EUGENE HOLLON
University of Oklahoma

This vivid account of the American West
shows how water has been — and still is

— the key to man's use of the whole
region. Relating the past in terms of

man's attempt to adapt to the arid en-

vironment, the author goes on to show
how modern innovations in farming and
transportation are being used in an at-

tempt to urbanize the desert. "First-rate

. . . vivid, fair-minded, and comprehen-
sive." —The New Yorker, 6 line maps;
S pages of illustrations.

At your bookseller • $6.00

'^j^ Oxford University Press
^^ New York



why you should consider

the complete Yashica

Single Lens Reflex System
When you're ready to step up to a quality single lens reflex, think beyond the
camera. Examine the system. You'll have to live with it for a long time. Before
you put your cash on the barrelhead, here are four prime reasons for Yashica
to rate your serious consideration: Dependable Quality. There's no argument.
Thousands and thousands of professionals and advanced amateurs use Yashica
SLRs, to make it one of the top-selling brands in the country today. Selection
of Models. From the basic J-P with optional meter, to J-7 with built-in meter, to

TL-Super and its refined thru-the-lens system. Each with choice of 2 normal
lenses. Interchangeable Lenses. A total of 13 automatic and preset models to

800mm including two zooms, and a host of accessories for every purpose.
Thread Mount. Accepts scores of the finest lenses and accessories in the
world. Like to know more? Write for Yashica SLR and Lens brochures. Or
see your dealer.

J-7—with Auto-Yashinon/DX f/1.7 lens, shutter speeds from 1-1/1000 $185. With f/1.4 lens $220.
TL-SUPER—with Auto-Yashinon/DX f/1.7 lens, shutter speeds from 1-1/1000 $225. With f/1.4 lens $260.
J-P—with Auto-Yashinon f/2 lens, shutter speeds from V:-l/500 $140. With preset f/2.8 lens $110.
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aspect of Classical civilization. In the

absence of comprehensive, scholarly

studies of Roman art, the authors of

these books have been obliged to present,

as scholarly contributions to a discern-

ing public, their own syntheses within

the limited format of popular editions.

This is precisely the acliievement' of Dr.

Jocelyn Toynbee. formerly Professor of

Classical Archaeology at Cambridge.

Professor Toynbee has written a clear,

didactic essay on the principal develop-

ments in Roman art from the sixth cen-

tury B.C. to the fourth century A.D., and

it is a distinguished addition to the use-

ful, inexpensive series "Ancient Peoples

and Places."

The Art of the Romans is devoted to

an illuminating exposition of Roman
painting, sculpture, and mosaic. The

omission of architecture, that most Ro-

man of all media, limits the compre-

hensiveness of her book. However, the

dimensions of her subject are still vast.

They are complicated by the greatest

variation of form and meaning in works

of art created over an area that extended

from the Atlantic Ocean to Mesopotamia

during almost one thousand years of con-

tinuous activity.

The author has treated these diverse

manifestations of Roman art within the

scheme of a categorical framework that

emphasizes the metropolitan (Rome),

regional (the provinces), and cosmo-

politan (the Empire) character of its

monuments. The structure of her presen-

tation depends on a thematic analysis,

loosely apportioned among different me-

dia and various motifs, such as portrai-

ture. Therefore, the book as a whole is

not chronologically arranged, although

the historical evaluation of each theme

is carefully, if briefly, delineated.

Despite the exclusion of architecture,

the limited treatment of iconographical

Since 191
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The Colombian Infernafional Airline

Announces: ANTARCTIC EXPEDITIONS '67

The world wide interest in our expedition

1966 was such that long before we could

announce our EXPEDITIONS 1967 we
were inundated with letters and requests

for information: so, once again, we have

teamed with the well known promoter of

exotic trips, Mr. Lars Eric Lindblad.

For more information about these expe
ditions write us for the descriptive folder.

6 West 49th St.

New York, N.Y. 10020

Please send folder on the "Antarctic
Expeditions '67".

NAME

ADDRESS-

CITY

AVIANCA now offers you the opportunity
to share the fascination of exploring Ant-

arctica with an expert: Captain EDWIN A.

McDonald, usn (Ret.).

Captain McDONALD has journeyed many
times to both polar regions and written

extensively of them. While Deputy Com
mander for Rear Admirals George Dufek
and David Tyre, he was awarded an
Antarctic Medal, two Commendation Rib-

bons, two Legion of Merit medals, Brit-

ain's Gold Patron Medal and the Officer

of Leopold Medal of Belgium, in recog-

nition of his extensive polar work.

Many changes have been made to make
the Antarctic Expedition 1967 an even
better trip than the expedition in 1956.
For more information about these new,
once-in-a-lifetime expeditions, write us
for the descriptive folder. Deparlures
January 10 and January 24, 1967. All

inclusive price from New York, including

Antarctic clothing is from $3600.00 to
$3800.00, depending on cabin occupied.

problems, and the thematic selectivity

the chapters, the reader's appreciat:

of Roman art and of its special qualit:

will be stimulated by the perceptive d

cussion of portrait sculpture, historii

reliefs, wall and ceiling paintings, a

mosaics. Less successful, but still infi

mative, are the rapid accounts of decoi

tive sculpture and of painting in t

minor arts, which lack the penetrati

commentary that enlivens the other cha

ters. This excellent and provocative

troduction to the plastic and pictor:

arts of the Romans concludes with

well-chosen bibliography and ninety-o!

representative illustrations in black a

white, accompanied by useful notes.

RlCH.^RD BrILLIA

Universilr of Pennsylvaii

Life Around Us. by Fritz-Martin Eng
Thomas Y. Croivell Co., S6.95; 206 p,

illus.

ONE might well approach cautious

a book with a text of only 196 pag

that bears the all-inclusive title of L;

Around Us, and has the even broad

subtitle The Strange Planet Earth ai

the Stranger Creatures That Live On
The book is loosely organized iri

eight major chapters and a one and
quarter page conclusion, which ob

ously means that information must

drastically abbreviated. As one examp
of brevity, organic evolution is traci

from the earliest "undifferentiatt

lumps of protoplasm" up to the preset

in less than two pages. As another e

ample, the statement that successf

locomotion on loosely packed substrat

requires broad feet is followed by i

numerable, one-paragraph examples

animal forms—ranging from skinks

camels—whose anatomical paraphern

lia are suited to life under this cone

tion. Very seldom are one or two exce

tionally diagnostic cases cited in det£

to explain some form of adaptation.

The author covers such a broad spe

trum of nature that the reader is bou:

to acquire a multitude of new and divi

sified scraps of knowledge. For examp]

I learned that a snail can climb over

razor blade without nicking its ftx

fairy armadillos use their horny tails

antiskid devices, it takes 24 cc. of wat

to produce 25 grains of wheat, coc

roaches will eat shoe polish, one mu
trim the toenails of mountain sheep li

ing in woodlands, and the dung beet

can smell its food five yards away.

In summary, the book is a potpourri

geological, meteorological, and ecoloj

cal facts. The level of presentatic

would suggest that the book was writte

for the amateur naturalist. However, tl

extensive ecological terminology wi

make reading difficult for this group,

John D. Palmj
New York Vniversi
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The molecular "code" that controls

life has been put into plain English

About THE LANGUAGE OF LIFE -a new book
by Nobel Prize-winning geneticist, George Beadle,

and his wife Muriel— '^''probably the most
understandable introduction to the science of

genetics that has ever been written."—Chicago Tribune

The essential process by which the like-

ess of the parent is transmitted to the

ffspring ... is as utterly mysterious to us

s a flash of lightning is to a savage."

• This was the opinion, in 1902, of Wil-

lam Bateson, the English biologist who
oined the word "genetics." For many
ears afterwards, there was no reason for

ny scientist to disagree with him.

f The events of the past decade are anal-

gous to the discovery of a genetic Rosetta

tone. Science can now actually translate

t least some of the messages written in the

inguage of life — a language whose words
re buried deep in the cells of our bodies,

lut until now, the astonishing break-
iiroughs made so recently have left most
f us more mystified than Bateson's "sav-

ge," lost in a sea of strange initials like

)NA and RNA.

The creators of the "New Genetics"

George Beadle, Nobel Laureate and
resident of the University of Chicago, is

ne of the scientists whose work has cre-

ted modern genetics. Together with his

/ife Muriel, he has written a book that is

oth an introduction to the unprecedented
xpansion of genetic knowledge and an
xciting pageant of people and ideas.

There is no question that a basic under-
tanding of genetics is important. Genetics
ffects each of us every day of our lives.

t affects our children and their children,

iccumulating genetic defects pose one of

;ie world's most urgent problems. The
uture of genetics — perhaps including

uman genetic selection — is perhaps the

ingle most important issue facing man-
ind today.

The Language of Life describes the

lomentous achievements that have rele-

ated the fruit flies and garden peas of
re- 1955 biology classes into the realm of
ncient history. You will meet the Swiss
iochemist Friedrich Miescher, who tried

5 break down protein when that substance
as thought to contain the key to heredity,

nd was left with a residue of unexplained
'hite powder. For decades, this powder —
ucleic acid — lay on the chemists shelves

I

until, finally, the pioneering investigations

of men such as Albrecht Kossel, Robert
Feulgen, and Albert D. Hershey proved

that it contained the master molecules
of life.

You will also meet James Dewey Wat-
son, not yet 25 when, in 1950, with the

British chemist Francis Crick, he evolved

the most important genetic theory since

Mendel's — one that explained how DNA
makes copies of itself, how genetic direc-

tions are written, translated into orders,

and modified by mutation. For the first

time, scientists could discuss the structure

and behavior of living things in the com-
mon language of molecular structure.

Geneticists become cryptographers

You will read too about how proof of

this theory rapidly came from
many quarters. Finally, in

1956, Arthur Kornberg suc-

ceeded in synthesizing DNA,
giving rise to sensational news
stories about "life in a test-

tube," and turning scientists

into code-breakers. An exam-
ple of just how talented gen-

eticists have had to become as

cryptographers came when
Beadle won the Nobel Prize.

He was sent a telegram by
virologist Max Delbruck which
consisted of an unbroken line

of 123 letters - A, B, C, and D only. De-
ciphered, it read: "Break this code or give

back the Nobel Prize."

Critical acclaim for

THE LANGUAGE OF LIFE

Reading The Language of Life re-

quires no code-breaking talents. Acclaim
has come from both general publications

and from scientific journals. The Chicago
Tribune says "the Beadles have surmounted
the scholarly language barrier that has

been the downfall of other authors. Each
scientific word and concept has been
pounded into everyday language."

The New York Times Book Review adds
that "the pitfalls which the authors had to

avoid, and have avoided, was that science

simplified may be science falsified . . . the

experiment is successful."

Archie Lieberman

Dr. Albert Szent-Gyorgi, himself a

Nobel Laureate, reviewing the book in

Perspectives in Biology and Medicine con-

fessed that before reading The Language
OF Life he "doubted that genetics could

be explained clearly and satisfactorily to

laymen who are not soaked with the idea

of molecules." But, he goes on, "the au-

thors of this book succeed wonderfully . .

.

Anybody who wants an insight into this

chapter of human history . . . and wants
also to have a good tirne, is urgently ad-

vised to buy it."

Indexed, and illustrated with more
than 100 diagrams and drawings,

Tnt Language of Life is a book
for every reader of Natural History.

You may examine a copy for two
weeks without obligation. If you
don't agree that it is a lucid intro-

duction to the modern science of

genetics, and is therefore as much
a "breakthrough" as the one it de-

scribes, you may return it and owe
nothing.

FREE EXAMINATION COUPON

To vour bookseller, or
DOUBLEDAY & COMPANY, INC.
Dept. 6-NH-8. Garden City, N. Y. 11531

Please send me copies of The
Language of Life. I understand that I

may return th£ book{s) within two weeks
and owe nothing. Otherwise, you will bill

me just $5.95 per copy plus shipping
charges as payment in full.

.STATE ZIP CODE.

CAWp Send payment now and we pay^'^ postage. Same return privilege

guaranteed.
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riie Grand Canal

or Cnina
Longest of all man-made waterways

aas been used for nearly 2,500 years

Ly LYN HARRINGTON

rhe Grand Canal of China has

never received as much attention

li history and travel books as has the

real Wall, but the long inland

aterway is infinitely more interest-

ig and considerably more useful,

/hile the Great Wall kept nomadic

ibes at bay for centuries, the Grand

anal has been in active use for al-

lost 2,500 years. It was started in

06 B.C. when King Ho Lu of the

ingdom of Wu had the first section

ug from the Yangtze River south to

ai Lake, just west of Shanghai {see

ap, page 18) . His son, Fu Chai. ex-

nding his rule northward, built the

cond section from the Yangtze

3rth to the Hwai River. A thousand

ars and a dozen dynasties later, the

mal reached the '"grand'' stage

ider the leadership of Emperor

ang Ti of the Sui dynasty. Millions

: peasants and artisans toiled for

X years (from a.d. 605 to 611) to

tend the canal south to Hangchow
id north to the Yellow River, from

hich navigation could either pro-

ved east to the river mouth or west

the then capital of Loyang in

onan Province. Then, after Kublai

han established his capital at Pe-

ng in 1263, the canal was carried

rther north and its southern route

msiderably shortened.

The Grand Canal runs for 1.100

iles. and is the longest man-made
aterway ever constructed. It is ap-

loaded with rice straw is in the

channel of canal. To obtain more

oars cross in front of roiver.

proximately ten times as long as the

Suez Canal and twenty times as long

as the Panama Canal. It has been

undergoing a thorough rehabilita-

tion since 1958. and a ten-mile sec-

tion from Peking to Tungchow, silted

for many years, is at present being

replaced by a new, larger channel.

Since China's rivers slope from west-

ern plateaus to eastern lowlands, the

canal provides the country's only in-

terior means of north—south naviga-

tion. Linking five major river sys-

tems and a network of small canals,

it is not simply a trench cut at right

angles to the rivers; it follows the

course of some of the lesser streams.

Its depth varies from a six-foot norm,

depending on the season, and its flow

is checked by floodgates and barrages.

The section of the canal now under

reconstruction, called Pei Yun Ho
("north transport river"), stretches

to Tungchow, site of a 13-story, solid

brick pagoda. There it turns abruptly

south, and outside Tientsin crosses

the Hai River—a combination of three

rivers, which until recently often

flooded the city. The canal then be-

comes Nan ("south") Yun, and

angles through the populous prov-

inces of Hopeh and Shantung, where

it crosses the Yellow River. This in-

tersection, unmodernized as yet, is a

difficult one because the river runs

between high dikes, and its bed is

higher than the land on either side.

Here cargoes are either transshipped,

or boats are hauled up on a ramp
on one side of the dike and skidded

down on the other.

Grand Canal is seen from the Leaning
Pagoda, near Soochow; one of many
side canals runs back to mountains.

When it enters Kiangsu Province,

the canal cuts through rock in

coal-mining country. At Suchow it

angles east and then south to skirt

Hungtze Lake. This is the outlet for

the Hwai River system, which drains

124,000 square miles. Once an easy-

flowing stream, the Hwai caused a

lethal flood in 1855 when its outlet

was silted up by one of the Yellow

River's freakish deviations.

Farther south the canal hugs the

eastern shore of Kaoyu Lake, and
near Yangchow crosses the mighty

\ angtze River. The current here is

powerful even at low-water periods.

At high water, the Yangtze pushes

into the canal in both north and south

directions, and is contained bv the

canal dikes, which act as a safeguard

against flooding. Below the Yangtze,

the canal crosses beneath, then paral-

lels, the Nanking-Shanghai railway.

It winds around Wusih, forms a

Venice-like moat for the walls of

Soochow, connects with lovely Tai

Lake, and with a final westward bend
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^^^ CHEKIANG PROV.

Map shows route of the Grand Canal.

It extends from Peking, in the north,

1,100 miles to Chekiang Province.

through Chekiang Province reaches

Chientang River below Hangchow's

Lu Ho Ta (Six Harmonies) Pagoda.

Most navigation on the Grand

Canal and its branches is concerned

with moving grain, vegetables, diesel

oil, coal, iron ore, package freight of

all kinds, and livestock. Women
operate donkey engines to load the

boats, and stevedores, both male and

female, haul loaded carts over the

cobbled quays. Other women sell

tickets for the passenger motorboats

that move up and down the innumer-

able waterways. These ferries are not

luxury craft, but do permit a glimpse

of life along the water artery.

Fortunately, because of good man-

agement and the centuries-old cus-

tom of collecting human waste and

returning it to the land, the Grand

Canal is not an open sewer. Some
boats on the canal are laden with this

waste, carrying it from town to com-

mune, where it will remain in a pit

for seven weeks before being carried

to the fields. Others are engaged in

the parallel activity of scooping

muck from the canal bed. The rich

sludge contains snails and fresh-

water clams, some edible, and the

shells contribute lime to the soil.

Such top-dressing has maintained

land fertility for thousands of years.

Most of the blunt-ended, flat-bot-

tomed vessels on the Grand Canal are

wooden, including the sampans from

which the fisherfolk agitate the water

with bamboo poles, then release cor-

morants to retrieve the fish. Other

boats, made of cement, are designed

on the traditional pattern, but have

air spaces fore and aft. Although

heavier and somewhat sluggish, the

concrete boats are more durable and

cheaper than those of timber.

White-sailed j unks transport goods

and house fisherfolk. These people

may form a "production brigade" in

an agricultural commune, or may
have their own commune. One com-

mune on Tai Lake has five brigades

and 700 vessels. Thus organized, the

fishermen co-operate rather than

compete, and their catch is hurried to

market in an orderly way. With joint

accumulated funds they have con-

structed safe harbors for their boats,

and are now building homes and

schools onshore.

Running through four heavily

populated provinces, the Grand

Canal has played a historic role in

political unification as well as in eco-

nomic development. In feudal days

whoever controlled the canal con-

trolled China. Its recent reconstruc-

tion has also benefited the national

economy, for heavy goods are

shipped more cheaply by water than

bv rail. Massive shipments of food

and grain move from rural areas

alongside industrial raw materials

and the finished products of China's

new factories. In coal transport alone

the restored canal has already led to

spectacular monetary savings. Diesel

motorboats tow strings of barges

that carry 200 to 500 tons of cargo,

and smaller craft are propelled by

rowers using a huge, bent sweep oar

that also serves as a rudder.

Canal cuts are too narrow to allow

tacking, although a sail may catch a

favorable breeze as the canal bends.

At times the mast will be taken down

to permit a boat to pass under some

low bridge. Old bridges erected dur-

ing the Ming dynasty (1368-1644),

particularly those in the Soochow-

Wusih section, are as pretty as they

are useful.

Reaching a peak of usefulness in

the centuries following Kublai Khan,

the Grand Canal fell on hard times

in the last century. The Ching dy-

nasty inaugurated coastal shipping

in the 1870's, and Europeans built

i8



Tollhouse is on the Ming Bridge over

Grand Canal in Soochow. Keepers used

to collect tolls by lowering long pole.

igh sails, stiffened with wooden
Hens, are stained and patched. They
k up ivinds from the China plains.

Concrete boat, below, is seen in an
'arm of the Grand Canal that once was
part of moat of the old city of Wusih.

railways at the turn of the century.

Also, funds for the canal's upkeep

were diverted for imperial extrava-

gances and suppressing rebellions.

The confusion of the revolutionary

years also militated against canal

maintenance. Understandably, local

war lords did not take a long-range

view of the country's needs. Anyone
using the canal was at the mercy of

war lords or bandits to whom tribute

had to be paid. The keeper of the

ferry cable, too, might use his cable

as a barrier to passing boats until he

collected his squeeze. During the war

with Japan (1937-45) and the civil

war (1947-49), large repairs were

planned, but few were carried out.

But the canal's worst enemy was

the uncontrolled flooding that tore

away embankments and towpaths,

breached neglected dikes and flood-

gates, cut new channels, and silted

the old ones. Peasants whose land

was inundated often starved, or if

they were lucky they raised lotus root

and water nuts in the old overflow.

Two floods and two droughts every

three years was the average, with a

serious flood or drought every decade.

Only a stable government could

put the canal back into service, for

by 1919 the lower mid-section alone

was in operation. And it was useless

working on the canal until the rivers

that menaced its existence were har-

nessed. In fact, control of the rivers

had a much wider purpose than res-

toration of the Grand Canal. Reser-

voirs would provide for city needs

and farm irrigation and clean up
stinking swamps as well. They could

be stocked with fish to add protein

to the diet, and many of the dams
could produce hydroelectric power.

All of these improvements have

now been made. The 1958 spurt in

Chinese economy and industry over-

burdened the railways and made it

feasible to restore the canal. Work
first began in northern Kiangsu, a

region rich in grain, fish, salt, and

coal, which required cheaper trans-

portation to the industrial cities of

the Yangtze—Wuhan, Nanking, and

Shanghai. Rural communes contrib-

uted men and women—armed with

mattocks and shoulder-pole baskets

—to the project, and thousands of

technicians and water-conservancy

experts j oined in. Within three years

160 million cubic meters of earth

and rock had been excavated in one

section, and in another, where river

curves were designed to retard the

current, the bends were straightened

or widened. A new 60-mile section

near Suchow was cut through rock to

bring it close to coal mines for effi-

cient loading.

Millions of trees have been planted

to check erosion, and thousands of

small check dams on creeks combine

with larger river dams and great res-

ervoir walls to hold back the waters

of the Yellow, Hai, Hwai, Yangtze,

and Chientang rivers. Yellow River

dikes have been raised, widened, and

faced with cut rock to prevent fur-

ther breaches, and lateral canals have

been dug to carry off excess flood-

water from the canal to the sea. Old

sluice gates have been replaced with

modern, electrically operated locks,

so that traffic moves swiftly and
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Although electric power is available,

many peasants still employ primitive

treadmills known as ''drason-back."

A farm on which ducks and geese are

raised borders the banks of the Grand
Canal in the central Hangchow area.

Sampans and junks, along with ft

blunt-nosed modern boats, make
much of the water traffic on the can

smoothly. The old gates, with their

sudden outflow of water, sometimes

,

wrecked boats; people called them
"the gates of Hell." The shallows

have been dredged and the dikes im-

proved. In time, the barges may
carry 2,000-ton loads between the

new navigation markers.

i long with technical changes, life

Jr\. beside and on the Grand Canal

of China has quickened and im-

proved. Yet some old habits linger.

Peasants still use the "dragon-back"

treadmill pump for small fields, al-

though electric pumps provide water

for the large paddies. Graves still

occupy too much land, although the

peasants are switching to cremation.

However, these customs are van-

ishing before the advance of science,

and an increased interchange be-

tween city and country dwellers is

bringing about other changes. But

while no one can predict the course

of politics, it appears that no radical

change will come to the Grand Canal

itself. It will probably continue to be

useful for many more millenniums.
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by DONALD S. FARNER

In
Senegal, a bird called the Red-

_ billed Dioch, Qiielea qiielea, be-

gins bleeding after the rainy season,

in June or July, when insects are

plentiful and a luxurious growth of

grass provides seeds and nesting ma-

terial. Northward, in the Arctic and

subarctic, the White-crowned Spar-

row, Zonotrichia leucophrys gam-

bclii. also performs its reproductive

activities early in the summer. But

this sparrow, like many other sum-

mer residents of the polar region,

must make an additional adjustment.

Its reproductive activity must be con-

cluded sufficiently early in the sum-

mer so that a long enough period of

Control Systems ii

HYPOTHALAMUS REGULATl

good weather and adequate food

conditions remains for molting,

preparation for migration, and de-

parture south.

In most avian species, the energy-

demanding processes of reproduc-

tion take place in a season of

abundant food, water, and nesting

material. Generally, these processes

occur with an annual periodicity,

even in regions with seasons that are

not sharply defined. The advantag*

to the species of such timing is obvi

ous: reproduction takes place whei

the probability for survival of the

young is greatest.

But the precise timing mechanisir

that regulates reproductive activity

in the individual bird is less obvious

and more complex. In order to in-

sure that reproduction will occur at

the best time, preparation must begirii

substantially in advance of the re-.

productive period because of a physi-

ological lag between the onset of the

breeding cycle and the time at which

a bird is actually reproducing. In

many species the individual bird

must somehow "predict" the arrival

of the time at which reproduction

should occur, so that the develop-

j

ment of the reproductive system can

begin appropriately early.

I
shall make a brief apjaraisal here

;

of some of the mechanisms that

control the seasonal development and
function of the reproductive sys-

tems of birds. It must be emphasized

that the fundamental control system

—that is, the system that provides

the general timing of reproductive

development—establishes only the

approximate time at which repro-

ductive activity begins. The precise

starting date involves effects of be-

havioral interactions and local en-

1

vironmental conditions, a subject
|

beyond the scope of this article.

Considering the variety of control

systems that have evolved in birds, i

our knowledge is fragmentary. Nev-

ertheless, from the increasing num-
bers of investigations, which began
with the classical experiments of i

William Rowan forty years ago and

those of T. H. Bissonnette shortly

afterward, interesting and useful

concepts are emerging. A basic but

controversial question is whether the

timing mechanisms depend on en-

vironmental information or on in-

trinsic periodic functions ("internal

rhythms"). In every species evolu-

tion has probably produced a con-

trol scheme involving both, since it
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is unlikely that any species could rely

exclusively on either external infor-

mation or on internal timers.

From the research of J. Benoit and

I. Assenmacher in France, as well as

from subsequent studies by others, it

is clear that the central organ in the

control of reproduction in birds is

the hypothalamus, an important con-

trol center in the ventral part of the

diencephalon—the posterior part of

the forebrain. Basically, as shown in

the upper diagram on page 25, the

hypothalamus exercises its control

through nerve cells that discharge

neurohormones into the blood of a

special vascular system leading to the

sinuses of the adjacent anterior pitu-

itary gland. The neurohormones con-

trol the rate at which the anterior

pituitary releases gonadotropic hor-

mones into the blood stream. These

hormones stimulate the gonads and

control their production of germ cells

and sex hormones.

Although much is to be learned

concerning the details of this system,

it is common to all birds. What dif-

fers among species is the battery of

information, both external and in-

ternal, that the hypothalamus uses.

The lower diagram on page 25,

which is generalized and fits no

single species, indicates the available

mechanisms from which the elements

of a control scheme may have been

selected and modified in the course

of its evolution. As a component of

both the nervous and endocrine sys-

tems, the hypothalamus occupies a

strategic position for receiving and
processing information from exter-

nal and internal receptors (by means
of nerve impulses) and from hor-

mones and other blood constituents.

M'
any kinds of environmental

information are involved in

the control of avian reproduction. In

the photoperiodic species, in which
lay length controls the reproductive

Seen here are White-croivned Sparrows.
This species is highly photoperiodic.

processes, temperature may also be a

source of information, although its

variability from year to year limits

its reliability. It has an important

modifying function, however; repro-

ductive activity is appropriately re-

tarded if there is a late cold season.

Many other external sources may
be important in fixing the final sched-

ule of reproductive activity. Male

Lincoln's Sparrows, Melospiza lin-

.^"'
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colnii, for instance, do not establish

definitive territories—an important

phase in the annual reproductive

process—until the snow disappears,

at least partially, from the mountain

meadows. The female House Spar-

row, Passer domeslicus, first uses in-

creased day length as a stimulus to

begin reproductive development, but

completion requires at least two

other environmental stimuli: the

presence of a sexually active male

and the availability of a nesting site

and nesting material.

Sources of internal information

are equally important. Among these

are ""circadian" periodicities—funda-

mental, internal periodicities of ap-

proximately 24 hours. Circadian

periodicities can be identified by

,-—««err.
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placing animals in constant condi-

tions of day and night and observing

the rhythm of, say, their motor ac-

tivity or feeding behavior. Under

natural conditions, the 24-hour day-

night periodicity of the environment

enforces a similar periodicity on the

animal's physiological and behav-

ioral functions. Studies of photoperi-

odic control mechanisms in plants

and insects have indicated that or-

ganisms "measure" day length by

reference to a "biological clock"

(Natural History, March. 1966).

Such a clock is now known to be in-

volved in the photoperiodic control

of the reproductive cycles of birds.

There is also evidence in some

species of a "circennial" (approxi-

mately annual) periodicity. This is a

rhythm that is somehow entrained by

an environmental cycle of strict an-

nual periodicity—day length, per-

haps, or climatic variations. The
strongest evidence for this comes

from the investigations of D. L. Serv-

enty and A. J. Marshall in Australia

on the transequatorial migrant, the

Short-tailed Shearwater. Piiffinus

lenuiroslris (sometimes called Slen-

der-billed Shearwa er in America).

The breeding cycle of this species is

remarkably precise, despite its long

migratory path, shown on the map
on page 26. It arrives at its breeding

Zebra Finch breeds in drier parts of

Australia, and reproductive activity

area during the same eleven-day

period everv year. Day length in this

case, however, does not appear to be

the determining factor.

For most species, the sex hor-

mones, and possibly also the gonado-

tropic hormones, are another source

of internal information for the hypo-

thalamus. While the hypothalamus

causes the pituitary to increase the

output of gonadotropins, which in

turn cause increased output of sex

hormones, a sufficient amount of

these hormones in the blood can in-

hibit this action of the hypothalamus.

In photoperiodic species, the "nega-

is timed to irregular rainy seasons.

Adult and three young are shown here.

tive feedback'' thus set in motion may
be involved in the development of

photorefractoriness—a period of re-

productive quiescence. This complex
effect continues even after the gonads
have stopped releasing inhibitory

hormones, and usually extends to late

fall or early winter. During this time

gonadal development cannot be in-

duced by experimentally increasing

day length.

My colleagues and I have studied a

migratory race of the White-crowned

Sparrow for more than a decade. The
breeding area of this race (^ee map.
below) extends from northern Wash-

WINTER

SOLSTICE

I

iHCREASttaiowc^fp^

SHORT-DAY RECOVERY
FROM PHOTOREFRACTORINESS

AUTUMNAL
EQUINOX

VERNAL

'eouinox

"""UCTivs PERIOD

SUMMER
SOLSTICE

The W hite-crowned Sparrow winters in

the western U.S. and breeds in Alaska
and portions of northivestern Canada.

Illustrated at left is the control that day
length exerts on the events of the an.

nual cycle of this migratory bird species.
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ngton to well beyond the Arctic

Circle. Its principal wintering range

s in California and Baja California,

ilthough wintering populations are

ilso found farther eastward and

lorthward.

This is one of the most completely

)hotoperiodic birds. When it is held

ixperimentally on daily photope-

iods of eight hours or less, there is

ittle or no development of the go-

lads for at least a year. In addition to

ts annual reproductive cycle, several

)ther functions are photoperiodically

;ontrolled, either directly or indi-

ectly. Immediate and direct re-

sponses to long day length include

he vernal molt, the hyperphagia (in-

;reased appetite and food intake)

iind fat deposition that precede and

iccompany spring migration, vernal

migratory behavior, testicular devel-

opment, and the beginning of ovar-

ian development. These events occur

only when the birds are subjected,

naturally or experimentally, to long

laily photoperiods.

An indirect consequence of long-

lay stimulation in the White-

;rowned Sparrow is photorefractori-

less, which ends, in turn, with the

)nset of short days. Although the evi-

lence is by no means satisfactory, it

s reasonable to hypothesize that

jostnuptial molt, autumnal fattening,

md autumnal migration are also in-

direct efFects of the increasing day

; ength of spring. This sparrow's an-

aual cycle is shown on page 24.

i

I

Environmental information other

than the duration of the daily

jhotoperiod has only a minor role in

:he basic timing of the White-

browned Sparrow's reproductive ac-

tivity. This is understandable when

one considers that the bird is migra-

tory, and that the migration itself is

adaptive, since it brings the breeding

birds to an environment of abundant

food and long days. The problem for

he individual bird in central Cali-

fornia in the early spring is to

"know" when to begin the annual de-

velopment of the reproductive sys-

tem and when to begin migration.

Only day length has a reliable time

relationship to the season in Alaska.

Our experimental data show that

longer spring days cause the release

of gonadotropin and thence the de-

velopment of the reproductive sys-

tem; they probably also cause the

production of prolactin (which, in-

Relation of nervous and endocrine

systems in reproduction control are

shown above . Arrows pointing upward
indicate "negative feed-back" process.

GENERALIZED
CIRCENNIAL REPR0DVCT10n\

TIMER
I CONTROL

MECHANISM

The flow chart suggests relationships

between information sources and the

reproductive system. Dotted lines are

routes that vary according to species.
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teracting with other hormones, seems

to help induce spring migration).

It is interesting to compare the an-

nual reproductive cycle of the White-

crowned Sparrow with that of an

equatorial population of a closely re-

lated species, the Andean, or Rufous-

collared, Sparrow, Zonotrichia cap-

ensis. The late Alden H. Miller

studied a population of Andean Spar-

rows near the Equator in the Colom-

tian Andes and demonstrated that

individual males have two cycles of

testicular activity yearly. Although

some reproductive activity occurs at

all times of the year in this popula-

tion, there are conspicuous peaks in

December-January and May-July

that show an adaptation to the semi-

annual rainy season with its accom-

panying increase in insect food.

Although details of the Andean Spar-

row's control system, and the infor-

mation used by it, are not known, the

system must differ considerably from

that of the White-crowned Sparrow,

whose rather rigid photoperiodic sys-

tem may be characteristic of mi-

grants that both breed and winter in

middle and high latitudes. Studies on

other species give ample testimony

that this general type of rigid control

system is common. For instance,

V. R. Dolnik, of the Leningrad Acad-

emy of Science, has demonstrated

how photoperiodic responses can

vary within a species. He found that

male chaffinches of the Kaliningrad

region show noticeable testicular de-

velopment during daily photoperiods

as short as nine hours per day,

whereas males from the more north-

erly Leningrad population require

nearly eleven hours of light daily for

the same development. Yet. if each of

the two populations is subjected to

day lengths of fourteen hours, tes-

ticular growth rates are the same.

Of further interest is the geo-

graphically widespread House
Sparrow. Although there are migra-

tory populations of this species in

Asia, our knowledge of the control of

its reproductive cycle is based en-

tirely on the resident population of

North America and western Europe.

Day length is perhaps most impor-

tant in the control of the bird's an-

nual testicular cycle. The same is

probably true for the ovarian cycle,

although it is obvious that, beyond

an early stage of development, be-

havioral and "psychic" elements be-

BREEDING

Long migration path of Short-tailed This bird breeds in the ivarmer of the

Shearwater is shown with dark arrows. tivo regions between which itmigrates.

come significant—as is true in the

female reproductive cycle of most

species. The House Sparrow's testic-

ular response mechanisms are very

different from those of the White-

crowned Sparrow. In fact, the mech-

anisms in these two species were

probably evolved independently.

Laboratory experiments, together

with the observations of many inves-

tigators on the natural reproductive

cycle, indicate that the control sys-

tem of the House Sparrow relies to a

much greater extent on non-photo-

periodic environmental information,

such as temperature, than do the

control systems of the White-

crowned Sparrow and other mi-

grants. Some observations suggest

that a crude circennial internal timer

may also be involved. As a perma-

nent resident whose reproductive

period begins early in spring, the

House Sparrow must adjust the de-

velopment of its reproductive proc-

esses according to the temperatures

of each spring. The White-crowned

Sparrow, on the other hand, uses in-

formation from its winter residence

in order to begin reproductive devel-

opment, which will culminate ten

weeks later in the breeding area hun-

dreds of miles away. Day length is

thus the only source that it can use

reliably. The difference between

these two species may reflect a gen-

eral difference in reproductive cycle

control between migrants and perma-

nent residents of the middle and high

latitudes of the Northern Hemisphere.

There are many observations, in

this country and in Britain, of ex-

tensions or renewals of breeding in

the fall during years that have an un-

usually favorable temperature ar

rainfall. One case is the autumnal

breeding of the Tricolored Black-

bird, Agelaius tricolor, in the Sacra-

mento Valley—apparently a response;

to autumnal rains in an area where

irrigation and land management for

duck hunting provide abundant nest-i

ing and feeding sites.

A particularly opportunistic:

breeder is the Zebra Finch, Taeniopy-

gia castanotis, whose reproductive;

activity begins immediately after the^

start of the rainy season. It has a wide

distribution throughout the drier

parts of Australia. Although annual

periodic rains occur in many of these

areas, in others the rains are aperi-

odic. This means that the bird's re-

productive activity cannot involve a

scheme that uses precise periodic in-

formation each year. Rather, it re-

quires a system that initiates such ac-

tivity rapidly, based on information

associated with the beginning of a

rainy period. Some individuals of

this species may actually breed dur-

ing both the spring and fall rainy

seasons. In the Murrumbidgee irri-

gation region in New South Wales,

where water is continuously avail

able, the Zebra Finch breeds ten

2.6



months a year, halting only during

the cold months of June and July.

In areas of similar climate, but where

irrigation is lacking, breeding is re-

stricted to the rainy season.

The Zebra Finch appears to dif-

fer significantly from the White-

crowned Sparrow. The gonads of

some finches are partially developed

during the unfavorable, non-breed-

ing period—as though they are

"poised" to develop suddenly with

the onset of rain. This opportunistic

cycle is not an uncommon adaptation

among birds in arid parts of Aus-

tralia. Another striking difference

between the two species emerged

from observations that Dr. Serventy

and 1 made on captive pairs of Zebra

Finches. Under optimal conditions,

such pairs will produce many suc-

cessful clutches without interruption

—indicating the absence of an inter-

nal mechanism to turn off the gon-

adotropin-inducing activity of the

hypothalamus. Obviously, in this

control system there is no refractory

period. Unless otherwise inhibited

by information from unfavorable ex-

ternal conditions, such as lack of

water or low temperatures, it will

sustain its reproductive function.

The control of the reproductive

cycle of the Red-billed Dioch may be

similar to that of the Zebra Finch.

For young diochs in Tanzania, the

growth of green grass during the

rainy season serves as important en-

vironmental information. Rainfall

itself, or the associated increase in

humidity, appears to induce nest

building and breeding activity in

adults. Curiously, however, although

day length does not seem to be an

important mechanism when the birds

are in the wild, testicular development

in captive diochs can be induced by

subjecting them to long daily photo-

periods. Is this a relict from a time

when an ancestral population at a

higher latitude was photoperiodic?

Or is it a preadaptation that would

lead to the development of a natur-

ally photoperiodic population if the

environment changed?

It is obvious that birds breeding

in middle and high latitudes and win-

tering in equatorial or transequato-

rial areas could not have their re-

productive cycles photoperiodically

A Short-tailed Shearwater is seen here

flying over breeding grounds at night.

controlled as simply as they are in

the White-crowned Sparrow, which

both breeds and winters in the North-

ern Hemisphere. An example is the

Short-tailed Shearwater. It appears

to have an internal circennial timer

that is kept in proper phase and pe-

riod by some (as yet unknown) ex-

ternal annual periodicity.

Another example is the Yellow

Wagtail, Motacilla flava, whose win-

tering range is in equatorial Africa.

Five subspecies of this bird winter in

the eastern Congo—each with its own
breeding range in Eurasia and its

own schedule of migration, molt, and

reproduction. There appears to be no

obvious environmental periodicity in

the wintering area that could induce

gonadal development and spring mi-

gration. An endogenous circennial

cycle is, however, possible in this

case—held in annual periodicity, per-

haps, by some annual environmental

variable. Or, alternatively, the events

of the annual cycle might be timed

by decreasing day length after the

summer solstice, just as the major

events of the annual cycle of the

White-crowned Sparrow are timed

directly or indirectly by the increas-

ing day length after the winter sol-

stice. As yet, however, there is no

proven case among birds in which

decreasing day length plays a major

role in reproductive-cycle control.

The control systems of reproduc-

tive cycles that I have discussed,

although small in number, are suffi-

cient to emphasize their extreme

differences. Nevertheless, despite our

limited knowledge, it seems safe to

generalize that the relationships with-

in the "core" of the control system—

that is, the hypothalamus, the ante-

rior pituitary, and the gonads—are

common and relatively unvarying in

birds. The evolution of control sys-

tems that insure the greatest prob-

ability of success in reproduction has

been based on internal and external

information used by the hypothal-

amus ; each species tends to use that

combination of information that

most reliably predicts the approach

of its breeding season.



Shakespeare in the Bush
I

by Laura Bohannan

An American anthropologist set out to study tlie Tin of

West Africa and mas tauglit the true meaning of Hamlet,

Just
before I left Oxford for the Tiv in West

Africa, conversation turned to the season

at Stratford. "You Americans," said a

friend, "often have difficulty with Shake-

speare. He was, after all, a very English poet, and

one can easily misinterpret the universal by mis-

understanding the particular."

I protested that human nature is pretty much
the same the whole world over; at least the gen-

eral plot and motivation of the greater tragedies

would always be clear—everywhere—although

some details of custom might have to be explained

and difficulties of translation might produce other

slight changes. To end an argument we could not

conclude, my friend gave me a copy of Hamlet

to study in the African bush: it would, he hoped,

lift my mind above its primitive surroundings, and

possibly I might, by prolonged meditation, achieve

the grace of correct interpretation.

It was my second field trip to that African tribe,

and I thought myself ready to live in one of its re-

mote sections—an area difficult to cross even on

foot. I eventually settled on the hillock of a very

knowledgeable old man, the head of a homestead

of some hundred and forty people, all of whom
were either his close relatives or their wives and
children. Like the other elders of the vicinity, the

old man spent most of his time performing cere-

monies seldom seen these days in the more ac-

cessible parts of the tribe. I was delighted. Soon
there would be three months of enforced isolation

and leisure, between the harvest that takes place

just before the rising of the swamps and the clear-

ing of new farms when the water goes down. Then,

I thought, they would have even more time to petJ

form ceremonies and explain them to me.

I was quite mistaken. Most of the ceremonies

demanded the presence of elders from several

homesteads. As the swamps rose, the old mei
found it too difficult to walk from one homestead

to the next, and the ceremonies gradually ceased,

As the swamps rose even higher, ail activities bul

one came to an end. The women brewed beer from

maize and millet. Men, women, and children sal

on their hillocks and drank it.
'.

People began to drink at dawn. By midmornins

the whole homestead was singing, dancing, anc

drumming. When it rained, people had to sit insid(

their huts: there they drank and sang or they dranl

and told stories. In any case, by noon or before

I either had to join the party or retire to my owi

hut and my books. "One does not discuss seriou:

matters when there is beer. Come, drink with us.'

Since I lacked their capacity for the thick nativt

beer, I spent more and more time with Hamlet

Before the end of the second month, grace de

scended on me. I was quite sure that Hamlet hac

only one possible interpretation, and that one uni

versally obvious.

Early every morning, in the hope of havin;

some serious talk before the beer party, I used t(

call on, the old man at his reception hut—a circli

of posts supporting a thatched roof above a lov

mud wall to keep out wind and rain. One day

crawled through the low doorway and found mos
of the men of the homestead sitting huddled ii

their ragged cloths on stools, low plank beds, anc

reclining chairs, warming themselves against th
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chill of the rain around a smoky fire. In the center

were three pots of beer. The party had started.

The old man greeted me cordially. "Sit down
and drink." I accepted a large calabash full of beer,

poured some into a small drinking gourd, and

tossed it down. Then I poured some more into the

same gourd for the man second in seniority to my
host before I handed my calabash over to a young
man for further distribution. Important people

shouldn't ladle beer themselves.

"It is better like this," the old man said, looking

at me approvingly and plucking at the thatch that

had caught in my hair. "You should sit and drink

with us more often. Your servants tell me that

when you are not with us, you sit inside your hut

looking at a paper."

The old man was acquainted with four kinds of

"papers": tax receipts, bride price receipts, court

fee receipts, and letters. The messenger who
brought him letters from the chief used them
mainly as a badge of office, for he always knew
what was in them and told the old man. Personal

letters for the few who had relatives in the govern-

ment or mission stations were kept until someone
went to a large market where there was a letter

writer and reader. Since my arrival, letters were
brought to me to be read. A few men also brought

me bride price receipts, privately, with requests to

change the figures to a higher sum. I found moral
arguments were of no avail, since in-laws are fair

game, and the technical hazards of forgery difficult

to explain to an illiterate people. I did not wish
them to think me silly enough to look at any such

papers for days on end, and I hastily explained

that my "paper" was one of the "things of long ago"
of my country.

"Ah," said the old man. "Tell us."

I protested that I was not a storyteller. Story-

telling is a skilled art among them; their standards

are high, and the audiences critical—and vocal in

their criticism. I protested in vain. This morning
they wanted to hear a story while they drank. They
threatened to tell me no more stories until I told

them one of mine. Finally, the old man promised
that no one would criticize my style "for we know
you are struggling with our language." "But," put

in one of the elders, "you must explain what we do
not understand, as we do when we tell you our
stories." Realizing that here was my chance to

prove Hamlet universally intelligible, I agreed.

The old man handed me some more beer to

help me on with my storytelling. Men filled their

long wooden pipes and knocked coals from the

fire to place in the pipe bowls; then, puffing con-
tentedly, they sat back to listen. I began in the

proper style, "Not yesterday, not yesterday, but
long ago, a thing occurred. One night three men
were keeping watch outside the homestead of the

great chief, when suddenly they saw the former
chief approach them."

"Why was he no longer their chief?"

"He was dead," I explained. "That is why they
were troubled and afraid when they saw him."

"Impossible," began one of the elders, handing
his pipe on to his neighbor, who interrupted, "Of
course it wasn't the dead chief. It was an omen
sent by a witch. Go on."

Slightly shaken, I continued. "One of these three

was a man who knew things"—the closest transla-

tion for scholar, but unfortunately it also meant
witch. The second elder looked triumphantly at

the first. "So he spoke to the dead chief saying,

'Tell us what we must do so you may rest in your
grave,' but the dead chief did not answer. He van-
ished, and they could see him no more. Then the

man who knew things—his name was Horatio-
said this event was the affair of the dead chief's

son, Hamlet."

There was a general shaking of heads round
the circle. "Had the dead chief no living

brothers? Or was this son the chief?"

"No," I replied. "That is, he had one liv-

ing brother who became the chief when the elder

brother died."

The old men muttered: such omens were mat-
ters for chiefs and elders, not for youngsters; no
good could come of going behind a chief's back;
clearly Horatio was not a man who knew things.

"Yes, he was," I insisted, shooing a chicken

away from my beer. "In our country the son is next

to the father. The dead chief's younger brother

had become the great chief. He had also married
his elder brother's widow only about a month
after the funeral."

"He did well," the old man beamed and an-

nounced to the others, "I told you that if we knew
more about Europeans, we would find they really

were very like us. In our country also," he added
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to me, "the younger brother marries the elder

brother's widow and becomes the father of his

children. Now, if your uncle, who married your

widowed mother, is your father's full brother, then

he will be a real father to you. Did Hamlet's father

and uncle have one mother?"

His question barely penetrated my mind; I

was too upset and thrown too far off bal-

ance by having one of the most important

elements of Hamlet knocked straight out

of the picture. Rather uncertainly I said that I

thought they had the same mother, but I wasn't

sure—the story didn't say. The old man told me
severely that these genealogical details made all

the difference and that when I got home I must

ask the elders about it. He shouted out the door to

one of his younger wives to bring his goatskin bag.

Determined to save what I could of the mother

motif, I took a deep breath and began again. "The

son Hamlet was very sad because his mother had

married again so quickly. There was no need for

her to do so, and it is our custom for a widow not

to go to her next husand until she has mourned
for two years."

"Two years is too long," objected the wife, who
had appeared with the old man's battered goatskin

bag. "Who will hoe your farms for you while you

have no husband?"

"Hamlet," I retorted without thinking, "was old

enough to hoe his mother's farms himself. There

was no need for her to remarry." No one looked

convinced. I gave up. "His mother and the great

chief told Hamlet not to be sad, for the great chief

himself would be a father to Hamlet. Furthermore,

Hamlet would be the next chief: therefore he must
stay to learn the things of a chief. Hamlet agreed

to remain, and all the rest went off to drink beer."

While I paused, perplexed at how to render

Hamlet's disgusted soliloquy to an audience con-

vinced that Claudius and Gertrude had behaved
in the best possible manner, one of the younger

men asked me who had married the other wives of

the dead chief.

"He had no other wives," I told him.

"But a chief must have many wives! How else

can he brew beer and prepare food for all his

guests?"

I said firmly that in our country even chiefs had

only one wife, that they had servants to do their

work, and that they paid them from tax money.

It was better, they returned, for a chief to have

many wives and sons who would help him hoe his

farms and feed his people; then everyone loved the

chief who gave much and took nothing—taxes
were a bad thing.

I agreed with the last comment, but for the rest

fell back on their favorite way of fobbing off my
questions: "That is the way it is done, so that is

how we do it."

I decided to skip the soliloquy. Even if Claudius

was here thought quite right to marry his brother's

widow, there remained the poison motif, and I

knew they would disapprove of fratricide. More
hopefully I resumed, "That night Hamlet kept

watch with the three who had seen his dead father.

The dead chief again appeared, and although the

others were afraid, Hamlet followed his dead

father off to one side. When they were alone, Ham-
let's dead father spoke."

"Omens can't talk!" The old man was emphatic.

"Hamlet's dead father wasn't an omen. Seeing

him might have been an omen, but he was not."

My audience looked as confused as I sounded. "It

was Hamlet's dead father. It was a thing we call a

'ghost.' " I had to use the English word, for unlike

many of the neighboring tribes, these people didn't

believe in the survival after death of any individu-

ating part of the personality.

"What is a 'ghost?' An omen?"
"No, a 'ghost' is someone who is dead but who

walks around and can talk, and people can hear

him and see him but not touch him."

They objected. "One can touch zombis."

"No, no! It was not a dead body the witches had
animated to sacrifice and eat. No one else made
Hamlet's dead father walk. He did it himself."

"Dead men can't walk," protested my audience

as one man.
I was quite willing to compromise. "A 'ghost' is

the dead man's shadow."

But again they objected. "Dead men cast no
shadows."

"They do in my country," I snapped.

The old man quelled the babble of disbelief

that arose immediately and told me with that in-

sincere, but courteous, agreement one extends to

the fancies of the young, ignorant, and supersti-

tious, "No doubt in your country the dead can also
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walk without being zombis." From the depths of

his bag he produced a withered fragment of kola

nut, bit off one end to show it wasn't poisoned, and

handed me the rest as a peace offering.

"Anyhow," I resumed, "Hamlet's dead father

said that his own brother, the one who became
chief, had poisoned him. He wanted Hamlet to

avenge him. Hamlet believed this in his heart, for

he did not like his father's brother." I took another

swallow of beer. "In the country of the great chief,

living in the same homestead, for it was a very

large one, was an important elder who was often

with the chief to advise and help him. His name
was Polonius. Hamlet was courting his daughter,

but her father and her brother ... [I cast hastily

about for some tribal analogy] warned her not to

let Hamlet visit her when she was alone on her

farm, for he would be a great chief and so could

not marry her."

"Why not?" asked the wife, who had settled

down on the edge of the old man's chair. He
frowned at her for asking stupid questions and
growled, "They lived in the same homestead."

"That was not the reason," I informed them.

"Polonius was a stranger who lived in the home-
stead because he helped the chief, not because he

was a relative."

"Then why couldn't Hamlet marry her?"

"He could have," I explained, "but Polonius

didn't think he would. After all, Hamlet was a man
of great importance who ought to marry a chief's

daughter, for in his country a man could have only

one wife. Polonius was afraid that if Hamlet made
love to his daughter, then no one else would give

a high price for her."

"That might be true," remarked one of the

shrewder elders, "but a chiefs son would give his

mistress's father enough presents and patronage

to more than make up the difference. Polonius

sounds like a fool to me."

"Many people think he was," I agreed. "Mean-
while Polonius sent his son Laertes off to Paris to

learn the things of that country, for it was the

homestead of a very great chief indeed. Because

he was afraid that Laertes might waste a lot of

money on beer and women and gambling, or get

into trouble by fighting, he sent one of his servants

to Paris secretly, to spy out what Laertes was do-

ing. One day Hamlet came upon Polonius's daugh-

ter Ophelia. He behaved so oddly he frightened

her. Indeed"—I was fumbling for words to express

the dubious quality of Hamlet's madness—"the
chief and many others had also noticed that when
Hamlet talked one could understand the words but

not what they meant. Many people thought that he
had become mad." My audience suddenly became
much more attentive. "The great chief wanted to

know what was wrong with Hamlet, so he sent for

two of Hamlet's age mates [school friends would
have taken long explanation] to talk to Hamlet
and find out what troubled his heart. Hamlet,
seeing that they had been bribed by the chief to

betray him, told them nothing. Polonius, however,

insisted that Hamlet was mad because he had been
forbidden to see Ophelia, whom he loved."

"Why," inquired a bewildered voice, "should

anyone bewitch Hamlet on that account?"

"Bewitch him?"
"Yes, only witchcraft can make anyone mad,

unless, of course, one sees the beings that lurk in

the forest."

I stopped being a storyteller, took out my note-

book and demanded to be told more about

these two causes of madness. Even while they

spoke and I jotted notes, I tried to calculate

the effect of this new factor on the plot. Hamlet
had not been exposed to the beings that lurk in the

forests. Only his relatives in the male line could

bewitch him. Barring relatives not mentioned by
Shakespeare, it had to be Claudius who was at-

tempting to harm him. And, of course, it was.

For the moment I staved off questions by saying

that the great chief also refused to believe that

Hamlet was mad for the love of Ophelia and noth-

ing else. "He was sure that something much more
important was troubling Hamlet's heart."

"Now Hamlet's age mates," I continued, "had

brought with them a famous storyteller. Hamlet
decided to have this man tell the chief and all his

homestead a story about a man who had poisoned

his brother because he desired his brother's wife

and wished to be chief himself. Hamlet was sure

the great chief could not hear the story without

making a sign if he was indeed guilty, and then he

would discover whether his dead father had told

him the truth."

The old man interrupted, with deep cunning,

"Why should a father lie to his son?" he asked.

31



I hedged: "Hamlet wasn't sure that it really was
his dead father." It was impossible to say anything,

in that language, about devil-inspired visions.

"You mean," he said, "it actually was an omen,
and he knew witches sometimes send false ones.

Hamlet was a fool not to go to one skilled in read-

ing omens and divining the truth in the first place.

A man-who-sees-the-truth could have told him
how his father died, if he really had been poisoned,

and if there was witchcraft in it; then Hamlet could

have called the elders to settle the matter."

The shrewd elder ventured to disagree. "Be-

cause his father's brother was a great chief, one-

who-sees-the-truth might therefore have been
afraid to tell it. I think it was for that reason that

a friend of Hamlet's father—a witch and an elder-

sent an omen so his friend's son would know. Was
the omen true?"

"Yes," I said, abandoning ghosts and the devil;

a witch-sent omen it would have to be. "It was
true, for when the storyteller was telling his tale

before all the homestead, the great chief rose in

fear. Afraid that Hamlet knew his secret he
planned to have him killed."

The stage set of the next bit presented some
difficulties of translation. I began cautiously. "The
great chief told Hamlet's mother to find out from
her son what he knew. But because a woman's
children are always first in her heart, he had the

important elder Polonius hide behind a cloth that

hung against the wall of Hamlet's mother's sleep-

ing hut. Hamlet started to scold his mother for

what she had done."

There was a shocked murmur from everyone.

A man should never scold his mother.

"She called out in fear, and Polonius moved
behind the cloth. Shouting, 'A rat!' Hamlet took his

machete and slashed through the cloth." I paused
for dramatic effect. "He had killed Polonius!"

The old men looked at each other in supreme
disgust. "That Polonius truly was a fool and a man
who knew nothing! What child would not know
enough to shout, 'It's me!' " With a pang, I remem-
bered that these people are ardent hunters, always
armed with bow, arrow, and machete; at the first

rustle in the grass an arrow is aimed and ready,

and the hunter shouts "Game!" If no human voice

answers immediately, the arrow speeds on its way.
Like a good hunter Hamlet had shouted, "A rat!"

I rushed in to save Polonius's reputation. "Po-

lonius did speak. Hamlet heard him. But
thought it was the chief and wished to kill him
avenge his father. He had meant to kill him earli

that evening "I broke down, unable to descri'

to these pagans, who had no belief in individt

afterlife, the diflierence between dying at oa
prayers and dying "unhousell'd, disappointed, u
aneled."

j

This time I had shocked my audience serious! i

"For a man to raise his hand against his fathe:

;

brother and the one who has become his father :il

that is a terrible thing. The elders ought to 1 i

such a man be bewitched."

I nibbled at my kola nut in some perplexity, thi '

pointed out that after all the man had killed Har
let's father.

"No," pronounced the old man, speaking less

me than to the young men sitting behind the eldei

"If your father's brother has killed your fathe

you must appeal to your father's age mates; tlu
'

may avenge him. No man may use violence again

his senior relatives." Another thought struck hir

"But if his father's brother had indeed been wickt
enough to bewitch Hamlet and make him mad th

would be a good story indeed, for it would be h

fauh that Hamlet, being mad, no longer had ai

sense and thuswas ready to kill his father's brother

There was a murmur of applause. Haml\
was again a good story to them, but it

longer seemed quite the same story to ml
As I thought over the coming complicatioi

\

of plot and motive, I lost courage and decided t,

skim over dangerous ground quickly.
|

"The great chief," I went on, "was not son
that Hamlet had killed Polonius. It gave him
reason to send Hamlet away, with his two treacl

erous age mates, with letters to a chief of a h
country, saying that Hamlet should be killed. Bii

Hamlet changed the writing on their papers, so tha

the chief killed his age mates instead." I encour

tered a reproachful glare from one of the me
whom I had told undetectable forgery was nc

merely immoral but beyond human skill. I looke

the other way.

"Before Hamlet could return, Laertes cam
back for his father's funeral. The great chief tol

him Hamlet had killed Polonius. Laertes swore t'

kill Hamlet because of this, and because his siste
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Ophelia, hearing her father had been killed by the

man she loved, went mad and drowned in the

river."

"Have you already forgotten what we told you?"

The old man was reproachful. "One cannot take

vengeance on a madman; Hamlet killed Polonius

in his madness. As for the girl, she not only went

mad, she was drowned. Only witches can make
people drown. Water itself can't hurt anything. It

is merely something one drinks and bathes in."

I began to get cross. "If you don't like the story,

I'll stop."

The old man made soothing noises and himself

poured me some more beer. "You tell the story

well, and we are listening. But it is clear that the

elders of your country have never told you what
the story really means. No, don't interrupt! We
believe you when you say your marriage customs

are different, or your clothes and weapons. But
people are the same everywhere; therefore, there

are always witches and it is we, the elders, who
know how witches work. We told you it was the

great chief who wished to kill Hamlet, and now
your own words have proved us right. Who were

Ophelia's male relatives?"

"There were only her father and her brother."

Hamlet was clearly out of my hands.

"There must have been many more; this also

you must ask of your elders when you get back to

your country. From what you tell us, since Po-
lonius was dead, it must have been Laertes who
killed Ophelia, although I do not see the reason

for it."

We had emptied one pot of beer, and the old

men argued the point with slightly tipsy interest.

Finally one of them demanded of me, "What did

the servant of Polonius say on his return?"

With difficulty I recollected Reynaldo and his

mission. "I don't think he did return before Polo-

nius was killed."

"Listen," said the elder, "and I will tell you how
it was and how your story will go, then you may
tell me if I am right. Polonius knew his son would
get into trouble, and so he did. He had many fines

to pay for fighting, and debts from gambling. But
he had only two ways of getting money quickly.

One was to marry off his sister at once, but it is

difficult to find a man who will marry a woman
desired by the son of a chief. For if the chief's heir

commits adultery with your wife, what can you

do? Only a fool calls a case against a man who will

someday be his judge. Therefore Laertes had to

take the second way: he killed his sister by witch-

craft, drowning her so he could secretly sell her

body to the witches."

I

raised an objection. "They found her body
and buried it. Indeed Laertes jumped into the

grave to see his sister once more—so, you see,

the body was truly there. Hamlet, who had just

come back, jumped in after him."

"What did I tell you?" The elder appealed to the

others. "Laertes was up to no good with his sister's

body. Hamlet prevented him, because the chiefs

heir, like a chief, does not wish any other man to

grow rich and powerful. Laertes would be angry,

because he would have killed his sister without

benefit to himself. In our country he would try to

kill Hamlet for that reason. Is this not what hap-

pened?"

"More or less," I admitted. "When the great

chief found Hamlet was still alive, he encouraged

Laertes to try to kill Hamlet and arranged a fight

with machetes between them. In the fight both the

young men were wounded to death. Hamlet's

mother drank the poisoned beer that the chief

meant for Hamlet in case he won the fight. When
he saw his mother die of poison, Hamlet, dying,

managed to kill his father's brother with his

machete."

"You see, I was right!" exclaimed the elder.

'That was a very good story," added the old

man, "and you told it with very few mistakes.

There was just one more error, at the very end.

The poison Hamlet's mother drank was obviously

meant for the survivor of the fight, whichever it

was. If Laertes had won, the great chief would
have poisoned him, for no one would know that he

arranged Hamlet's death. Then, too, he need not

fear Laertes' witchcraft; it takes a strong heart to

kill one's only sister by witchcraft.

"Sometime," concluded the old man, gathering

his ragged toga about him, "you must tell us some
more stories of your country. We. who are elders,

will instruct you in their true meaning, so that

when you return to your own land your elders will

see that you have not been sitting in the bush, but

among those who know things and who have

taught you wisdom."
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SUMMERS

IN

PENOBSCOT

COUNTRY
by Eliot Porter

A dedicated photographer recalls

the Maine coast as he has known it.

In
1912, when I was ten years old, my father

bought Great Spruce Head Island in Pe-

nobscot Bay on the coast of Maine. Our lives,

my brother's and sister's and mine, were from

the very first summer determined by the sea.

We lived by lunar as much as by solar time.

Before daylight-saving time had been devised,

we set our clocks ahead in order to enjoy more

fully the daylight hours. We gathered shells

along the high-tide wrack: powder-blue and

purple mussels in all sizes that nest together

in compact families, pale-green sea urchins

washed clean of their spines, and the brilliant

orange carapaces of crabs that live in the rock-

weed of the littoral zone. We collected star-

fish, sun stars, and sand dollars, and after

boiling them to coagulate them, dried them

under the kitchen stove. From the shallow

edge of the sea we dredged up anemones, sea

cucumbers, limpets, and calcareous algae. The
names of all these creatures were explained

to us by our father, who took an even greater

interest than we in this ever-present museum
of marine biology.

Great Spruce Head Island is in the middle

of Penobscot Bay, in a group of islands of

which it is the third largest. On a chart of the

bay, it somewhat resembles a molar tooth, its

crown pointing north, roots south. The tooth-

like configuration is caused by a long, narrow
inlet that separates the southern half into two

lobes, or roots. The smaller root is a wooded
ridge that terminates in a tombolo, or gravel

bar. Littered with silver driftwood, mussel

shells, and blackened strands of seaweed, the

sharp-backed ridge slopes off on either side

into smooth beaches. The tombolo joins the

main island to a rocky, tree-covered islet.

The inlet dividing the lobes is a cove a half

mile long, ending in a tidal basin. At low tide

the cove is completely empty, exposing a mud
bottom. At the end of the cove, when it is full,

the water stands seven or eight feet deep. For

three generations, since our first year on the

island, the cove has been a swimming hole for

children and adults alike. Time has caused few

physical changes on the cove; the trees and

rocks remain the same ; we dive from the same

place on the bank as we did when we were

children; and the summer sun still warms the

flooding tide on a hot July afternoon.

Around the perimeter of the island, in the

woods above the shore, the fallen needles of

spruce and balsam form a brown, springy bed

of forest duff that fills the hollows between

the loose stones and exposed roots of the

larger trees. There Maianthemum—wild lily-

of-the-valley—and star-flower are the first

flowers to bloom in spring. There also, in the

grass on exposed promontories, where juniper

lies flat over the jagged rocks and orange

lichen grows in scaly patches, are crows' scat-

tered middens.

From the aggressive gulls the crows retreat

with their catch to the comparative safety of

the higher and wooded ground, there to feast

undisturbed. All along the path that follows

the island's shore are strewn the fragments of

marine animals. In places, accumulations of

these remains suggest a communal banquet

where crows had gathered—if not to share

the repast collected from the sea, then at least

to share the society of other crows.
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Jhere is a phce of trees . . . gray with Uchen.

1 have walked there

thinking of old days.

Ezra Pound, Provincia Deserts



7be great rhythms of nature, to-day so ditUy disregarded, wounded

even, have here their spacious and primeval liberty. . .

.

Henry Beston, 7be Outermost House



£ive in TVfflture, and you will soon see that for all its

nonhuman rhythm, it is no cave of pain.

Henry Beston, Jbe Outermost Tiouse



7Ay life is like a stroll upon tbe beach,

As near the ocean's edge as 7 can go,

!My tardy steps its waves sometimes o'erreach,

Sometimes 7 stay to let them overflow.

"My sole employment 'tis, and scrupulous care,

Jo place my gains beyond the reach of tides,—

Each smoother pebble, and each shell more rare.

Which Ocean kindly to my hand confides.

7 have but few companions on the shore:

7hey scorn the strand who sail upon the sea,

yet oft 7 think the ocean they've sailed o'er

Is deeper known upon the strand to me.

Henry David Thoreau, Tbe Jisher's Boy







7-fere the people seem to possess the secret 0/ tran(fuiUity

and to live lives of more than surface contentment. 7hat is

rare today. Perhaps it is only by going up the old back roads

leading to tbe lost little hamlets of tbe mountains or tbe

seagirt islands and peninsulas of the world that you can still

find it. Perhaps even in such places it has not long to last.

Louise Dickinson Rich, Tbe Peninsula



What seas what shores what granite

ishnds towards my timbers

And woodthrush calling through the fog

T. S. Eliot, Tdarina



Often the island was shrouded in fog. We
moved in a grayness, out of which came, from

somewhere, the distant cawing of a crow, the

echoed screaming of a gull, or the putting

sound of a gasoline motor. But such sounds

were not really an intrinsic part of our sur-

roundings. Only those made by the fog itself

belonged to us: the continual dripping from

leaves and wet branches, the faint trick-

lings, and the less frequent, sudden, cascading

shower started by some overladen drop that

finally broke loose from its mooring. Some-

times the fog lingered all day; often the sun

burned through by noon. Our nearest neigh-

boring islands then loomed through the mist

larger than they should appear, or they were

capped with lenticular clouds of fog while

we were hot and humid in brilliant sunshine.

Before many summers had gone by I

learned much about the fog—the way it trans-

mits sounds, and the way it alters the appear-

ance of familiar shores. I could take a small

boat out and not get lost, although I might

not fetch up exactly where I had planned. I

could set out for an island four miles away to

collect the mail and find my way, if need be,

without a compass.

In
recent years, having moved to New Mexi-

co, I have not been back to the island often.

But the buried images have not lost any of

their sharpness ; they have merely been tucked

away out of sight to permit a freer play for

contemporary impressions. Before going to

the Southwest with children of my own, I built

a house on the island, and life acquired new
dimensions. I became more seriously inter-

ested in photography. My subjects expanded

from birds to the island itself, to the whole

bay with its towns, houses, people, and boats.

The songbirds, however, continued to be my
special preoccupation. To find and photograph

these birds, my ultimate aim, I needed to be

able to identify them by their songs, their

plumage, and their habits. Furthermore, I

needed to remember through the fall and win-

ter what I had learned In the warmer months.

Gradually, however, recognizing the birds by

sight or song and tracking them to their nests

became an end In itself, and as exciting an

activity as photography.

The fever to search out birds, whether new
species or old friends, is a kind of curiosity

completely understood only by those people

who are so often derisively referred to as bush

shakers and bird watchers. Brewed from a

mixture of scientific curiosity and esthetic

appreciation, this activity gives to those who
engage in it something of the wonder and

satisfaction enjoyed by artists and scientists.

During a family reunion in the summer of

1963, I re-experienced much that I had

previously learned about the island, and I

found many sensations heightened and made
perceivable by my years of absence. I realized

that the young people did not enjoy the island

as my generation had. Their interests were

directed by a more complex technology, which

brought the island closer to urban civilization.

With that closeness, that loss of remoteness,

the island's wildness was ebbing away.

But there is hope that the wildness of the

Maine islands may still be saved, even though

their remoteness can never be recovered. To
preserve them, I believe they should be ac-

quired as a park, a natural preserve, or wild

lands, and set aside with their bird and plant

life. They should be kept undisturbed even

by well-meaning managers who so often can-

not resist the temptation to "improve" the

lands in their custody. There should be no

foresting and no trail building on these small

islands, and no control of the animal life es-

tablished on them. They would be accessible

to whoever has a boat or can hire a boat to go

to them. Berries could be gathered in their

meadows and clams dug around their shores,

but otherwise they should be left to follow

their natural cycles of change without inter-

ference. If trees blow down, they should be

left blown down, and if insects infest them, the

infestation should be allowed to run its normal

course. Lobstermen and fishermen would still

enjoy the freedom of the bay, and sailors and

yachtsmen would still visit the same harbors

in their cruises. It would be an experiment in

non-management.
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Improbable Mollusk

These small nudibranchs float upside down, use their prey's

weapon in their own defense, and mate hermaphroditically.

In this unusual sequence of photographs, the courtship of

Glaucus atlanticus begins, above, as the inch-long animals

touch with their decorative appendages, which serve not

only as gills but as aids in flotation. As the mating act
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by WILLIAM M. STEPHENS
ri
1 # iiri'n.o- winter along Florida's lower east coast, each

siege of strong north winds brings to inshore waters and

beaches a host of blue-water animals from the nearby

Gulf Stream. The most common and conspicuous of

these are the colonial coelenterates known as siphono-

phores, of which the best-known is probably the Portu-

guese man-of-war. Occasionally other, less conspicuous

forms move ashore with the great fleets of siphono-

phores. Some of these are small, carnivorous mollusks

that feed on siphonophore tentacles.

One of the rarer of these pelagic mollusks is the nudi-

branch Glaucus atlanticus. Only about an inch in length,

Glaucus spends its life floating upside down on the sur-

face of the deep sea. Actually, it clings to the underside

of the surface film, just as most other nudibranchs cling

to the substrate. The upper, or belly, surface of the ani-

mal is iridescent silver and blue, ^vhile the lower side,

or back, is pearly white. Along each side are three orna-

mental processes that radiate outu ard like delicate fans.

These are called cerata, and they function somewhat like

gills as an aid to respiration. They are believed also to

aid in flotation. When one obserA'es Glaucus feeding or

mating, it is impossible to escape the conclusion that the

cerata of Glaucus also perform admirably as substitutes

for arms and hands. These marvelous processes have yet

another function. Like some of the land-bound nudi-

branchs, Glaucus has the incredible ability to utilize, in

its own defense, some of the stinging cells of the coelen-

terates it eats. In some remarkable way it can pass these

nematocysts, undischarged and still potent, through its

mouth and digestive tract to the lateral processes. Now
the nudibranch, if molested, can sting any predator.

Found in all tropical, temperate, and subarctic seas,

nudibranchs are among the most gaily colored and deli-

cately formed animals on earth. Glaucus atlanticus is

found in all warm seas. It is evidently exceedingly abun-

dant, as literally thousands of specimens may occasion-

ally wash ashore. But because its exact distribution is

unknown, and its movements unpredictable, and since it

dies soon after being stranded, it is rarely seen alive.

On two occasions this past winter a colleague and I

found living specimens of Glaucus coming ashore at Key
Biscayne, near Miami, Florida. On each occasion we
collected several dozen animals and kept them alive for

up to a week in aquariums. On January 2, 1966, we were

fortunate to observe seven couples of Glaucus (all col-

lected the day before) in reciprocal copulation. Each

individual is hermaphroditic, and mates fertilize each

other's eggs simultaneously. In one observed instance

the mating act continued for about ten minutes.

During this period we saw eggs coming from both ani-

mals. Minute strings of eggs were entangled in the cerata

of some of the animals after they mated, and one indi-

vidual had a string of eggs extruding from its aperture.

It jerked itself spasmodically and broke the string,

which sank to the bottom of the aquarimn. ( Some biolo-

gists have suggested that Glaucus lays its eggs on the

siphonophores Velella and Porpita, but our observations

do not bear this out. Although floating specimens of both

siphonophores were present in the aquariums where the

mating took place, the nudibranchs used them only for

food and ignored them during spawning.)

After spawning was concluded, fourteen specimens

and their fertilized eggs were turned over to Dr. Harding

Owre at the Institute of Marine Science, University of

Miami. In the laboratory the embryos hatched as free-

swimming veliger larvae on the fourth day. In this

larval stage the tiny nudibranchs were complete with a

coiled shell, a foot, and an operculum. Some of the

larvae lived for two weeks, but died before metamor-

phosing into shell-less young adults. All the adult ani-

mals died within a week after spawning.

continues, the tivo animals simultaneously fertilize each

other's eggs. Mating has been observed to last for as long

as ten minutes. Shown in the photograph beloiv is the final

position assumed by Glaucus before the act of mating ends.
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SKY
REPORTER

A survey of various kinds of sky

maps and suggestions on usage

By Thomas D. Nicholson

The sky map and the celestial calendar for August and

September {page 49) were particularly difficult to

prepare and, for some readers, may even be a little diffi-

cult to follow. The problem was to show the changing

position of the moon in the evening sky for these two

months, for there are three full moons during the period,

each one displaced some distance to the east among the

stars from the previous period. It is difficult to describe

properly, in a short space, the interesting grouping of

planets, the manner in which the group changes over the

two months, and the movement of the moon through the

morning planets in mid-August and mid-September.

This problem is further complicated because the planets

and phases of the moon do not appear on the sky map,

for they are in the sky of the early morning.

Hence this space will be devoted to a more complete

description of the events outlined on the calendar page.

We will also review the nature of the sky map and the

way to use it—partially in response to readers' queries.

There are many ways in w hich a map of the stars may
be prepared. In general, a sky map may be designed to

show the stars from the outside looking down, as an

earth map is prepared, or from below looking up, as the

stars appear from the surface of the earth. It may show

all the stars of the sky or, as in the navigational map on

this page, all the stars most important to navigators. Or

it may contain all the stars in one or the other hemi-

sphere. It may also show only the stars that are visible

from a specific location at a specific time and date.

We have prepared our maps to show the stars as we

look up at them from the earth's surface and have in-

cluded those that could be seen from any point on lati-

tude 40 degrees north at a specific time (between 9:00

and 10:00 p.m. ) on the middle date of each month (mid-

July and mid-September in the two summer issues).

The center of the circular map represents the zenith,

the point in the sky directly overhead, and the circum-

ference of the map represents the horizon, which you

see around you. The altitude (height above the horizon)

of a star in the sky may be judged by its distance from

the circumference toward the center. A star shown on

the map as one-third of the distance between the east

point on the chart and the center will be found in the

same position in the sky.

Since the map is arranged to represent the stars as we
look up at them, the compass directions are necessarily

opposite to those on earth, where compass directions are

arranged as if one were looking down. If you hold the

sky map over your head, with north facing toward tlie

North Star, you will see the orientation of the compass

points in relation to the cardinal points on the horizon.

A more convenient way to use the map, however, is to

hold it vertically, with the compass direction at the bot-

tom. Thus, facing north, with the word "north" at the

bottom, the stars on the map—from the center down-

ward—wUI match the stars in the sky. Because it is best

used this way, maps of this type are often called "roll-

around" maps. (Also, notice that the lettering is right

side up only when the maps are used in this manner.)

Because the earth is continually moving around the

sun, facing us toward progressively different directions

among the stars each night, a map prepared for 9:00
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^.M. on a certain date will not be applicable at 9:00 P.M.

ifteen days later, but will apply one hour earlier than

):00 P.M. on that later date. Thus a choice of times and

iates is given. At other times, earlier or later than those

ndicated, the stars of the sky will be displaced somewhat
Torn the positions shown on the maps; those on the

eastern horizon will be lower, and those on the western

lorizon higher, at an earlier hour.

Observers who might be at a latitude north of 40

legrees north will see the stars displaced from the posi-

ions shown on the "Sky Reporter" maps. Those on the

lorthern horizon will appear higher, and those on the

outhern horizon lower, than indicated on the maps.

The opposite will be true for those who are observing

he sky from a spot south of latitude 40 degrees north.

Horizon as seen from latitude 40° N. is shown by solid

curve, ivhich should be viewed as movable. By matching

loivest point of curve to any date on bottom margin of map,

horizon is set for sky visible at 10:00 p.m. on that date.

Because "Sky Reporter" maps are prepared for a

specific time and date, the positions of the moon and

planets obviously can be shown only if they are in the

sky at that time. Planets that may be prominent in the

early evening sky are low in the west and, like those in

the morning sky, cannot be shown. Venus presents an

outstanding example of the price we pay for the basic

convenience of this type of map. Since it always appears

in the sky close to the sun, it is seldom visible at 9:00

or 10:00 P.M. When Venus is a brilliant evening star, it
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has set by that time. If the maps were prepared for an

earlier hour, when Venus was visible, they could not be

used for as long a period of the evening. Of course,

Venus as a morning star must alv\-ays be omitted. The

same restriction applies to showing the moon's position

on the maps. The moon can only be shown when it is in

those phases that would normally be visible at 9:00 or

10 :00 P.M. The very early crescfent moon and, in general,

the phases after the full moon cannot be represented.

With the exception of Saturn, none of the planets in

the summer sky can be shown on our sky map. Yet,

Venus, Mars, and Jupiter, and Mercury to a lesser ex-

tent, are gathering in the morning sky of early August,

and will continue to be seen all through August and

September by anyone who wants to get up early enough.

Of this summer's planets, Venus has been visible the

longest time. It has been a morning star since February,

growing brighter and rising earlier; now it is growing

dimmer and rising later as it moves closer to the sun.

It is still bright enough (magnitude —3.3) and far

enough from the sun to be seen for at least an hour in the

dawn sky a little to the north of east.

The second planet of the group, Mars, has been daw-

dling in the morning sky since the end of April—

too close to the sun to be seen easily. Now, in August

and September, it can be found from one to two hours

before it fades into the twilight, even though it is some-

what difficult to locate.

Jupiter has also been lost in the sun's vicinity for

about two months, but it moved into the morning sky

in early July, and can easily be seen, at magnitude —1.4,

for an hour or two in the darkness and early dawn.

On the morning of August 1, Venus should be the first

planet visible in the morning sky, a little north of east,

just before dawn breaks. Mars, much fainter, will rise

behind it; then will come Jupiter, about midway in

brightness between the other two planets. During the

first two weeks of August, these three planets will reverse

their positions in an interesting manner, as the conjunc-

tions referred to in the sky calendar occur one by one.

In the morning sky of August 14, the late crescent

moon will move into the planetary group. About two

hours before sunrise, it will be above Jupiter, with the

planet standing off its lower horn, and Mars below- and

to the left. Slowly, the moon wUl move past Jupiter

toward Mars, but the rising sun will brighten the sky

and cause Mars to disappear before the moon can pass it.

For the balance of August and on into September,

Jupiter, Mars, and Venus will be stretched out in line,

and will rise in that order, continually drawing farther

apart. Jupiter and Mars will rise earlier each morning,

and Venus later. By the end of September, Venus may
be difficult to find, but Jupiter and Mars will be easier.

In September, the late crescent moon will move into

the vicinity of Jupiter and Mars, and this time they will

be higher and easier to see. On the morning of Septem-

ber 10, Jupiter and Mars will be to the left and below

the moon; on the 11th, the moon will be above and be-

tween the two planets ; and on the 12th, both Mars and

Jupiter will be to the right of the moon.

As we have said, only the evening phases of the moon
—that is, those that are observable at about 9:00 or

10:00 P.M.—can be pictured. (However, the moon's

position relative to the stars, planets, and sun can be

shown on the navigational map of the entire sky seen

on pages 46-47. ) The positions of the moon shown on

the August-September sky map may seem especially

confusing, however, because there happen to be three

full moons during this two-month period. Thus the full

moon and gibbous moon in early August, the phases

from crescent to full to gibbous in late August and early

September, and the phases up to the full moon of late

September must all be represented. The moon symbols

shown on the map, therefore, include parts of three dif-

ferent cycles of phases, all shown along the region of the

map vdiere the ecliptic (and, approximately, the plane

of the moon's orbit) crosses our evening summer skv.

As the moon changes its phase from night to night, the

position it seems to occupy among the stars also changes,

at the rate of about 13 degrees eastward through the

stars. This distance represents about 24 or 25 lunar

diameters, so that the moon actually seems to shift to the

left by about one lunar diameter each hour. This effect

is pronounced enough so it can be seen easily by the eye

if the moon is near some bright star w^hose position can

be used for comparison. An interesting example of this

can be observed on the evening of August 23 and again

on the evening of September 19.

On both of these evenings, the moon, near first quar-

ter, will appear among the bright stars of the constella-

tion Scorpius, in the southern sky as darkness comes on.

During the next several hours, both the moon and the

stars will appear to drift slowly westward, as a result of

the eastward rotation of the earth. But if you watch that

westward motion for a few hours, you will see that the

stars seem to be moving more rapidly than the moon.

Tw^o other interesting lunar events take place in Sep-

tember of this year. Each month, at new moon and full

moon, spring tides occur, causing high tides to be

greater than at any other times during the month. This

September, the moon arrives at perigee (the point at

which it is nearest to the earth) within a few hours of

the occurrence of new moon on September 14. This

perigee happens to be a very close one—221,800 miles,

which is about as close to the earth as the moon ever

gets. The proximity will cause the spring tide of Septem-

ber 14 to be even higher.

Finally, the full moon of September 29 wdll be this

year's harvest moon—the one that occurs nearest to

the autumnal equinox. As it rises in the early evening,

it is located near the part of the ecliptic that is most

nearly parallel to the horizon. Its orbital motion, as a

result, takes it eastward from night to night, almost

parallel to the horizon. Thus, for several nights before

and after September 29, the nearly full moon wiU appear

to rise at about the same time—near sunset—and bright

moonlight will dominate the early part of the evening.

Since this phenomenon always accompanies the full

moon nearest to September 21, it provides useful early

evening light during the harvest season, and hence it is

known as the harvest moon.

Dr. Nicholson, the regular author of this column, is also

Chairman of the American Museum-Hayden Planetakium.
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TIMETABLE
August 1 Midnight
August 15 11:00 p.m.

September 1 10:00 p.m.

September 15 9:00 p.m.

September 30 8.00 p.m.

(Local Mean Time)

\ --'-#-/•/'

-1 --*
,

,V ;

fn \ \ %. ^^^-'\

CAPRICORNUS
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AUGUST 26

,

Full Moon August 1, 4:05 a.m., EST eni
Last Quarter August 9, 7:56 a.m., EST
New Moon August 16, 6:48 a.m., EST
First Quarter August 22, 10:02 p.m., EST
Full Moon August 30, 7:14 p.m., EST

August 3-8: Venus, Mars, and Jupiter should provide

interesting observations on these mornings; they are low
In the eastern sky, rising about two hours before the sun,

and disappearing into the dawn. Venus and Mars are in

conjunction at 9:00 p.m., EST, on the 3rd; Venus and Jupiter

at noon, EST, on the 7th.

August 7: Mercury Is stationary in right ascension and
resumes direct motion (eastward).

August 11: Mars and Jupiter, in conjunction at mid-
night, appear close together In the eastern sky by dawn.

August 12: The Perseld meteor shower, one of the more
active showers of the year, reaches maximum In the morn-
ing sky; meteors from the shower may be seen for several

days before and after this date.
August 14: The interesting display of Venus, Mars, and

Jupiter In the morning sky Is joined by the crescent moon.
August 16: Mercury is at greatest westerly elongation—

19 degrees from the sun—and may be seen as a morning
star, rising after Venus and before the sun, for several days
before and after the 16th.

Last Quarter September 7, 9:07 p.m., EST

WSBBSS^S^ New Moon September 14, 2:13 p.m., EST

^^m^mm First Quarter September 21, 9:25 a.m., EST

.WS^S^m Full Moon September 29, 11:47 A.M., EST

September 10: Mercury Is at superior conjunction and

enters the evening sky.

September 10-13: Venus, Mars, and Jupiter are still

stretched In line, from lower left to upper right. In the early

morning they are In the eastern sky; the late crescent moon
passes above them on these dates. On the 10th, the moon
Is to the right of Jupiter; on the 11th, between Jupiter and

Mars; on the 12th and 13th, between Mars and Venus.

Venus, by now, is quite low in the dawn sky.

September 14: The new moon and the perigee moon
occur within hours of one another today; the resulting

perigee spring tides should be unusually high.

September 19: Saturn, the only planet visible In the

evening sky this summer, is at opposition, and is therefore

In the sky from sunset till dawn.
September 23: The sun arrives at the autumnal equinox

at 6:43 a.m., EST, at which time autumn begins In the

Northern Hemisphere.
September 29: Tonight's full moon is the harvest moon,

the full moon nearest to the date of the autumnal equinox.
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Swift torrents that inundate flood
plains devastate the works of nature

and man. Tree at right was flattened

by a flood many years ago and grew
a new trunk, which was curved by an

ice jam. Other trunks sprouted anew.

Flood History

Told by Tree Growth
Botanical detective work yields more knowledge of flood plains

By Robert S. and Mary D. Sigafoos

As man and his works expand

/\ over more of the face of the

earth, flood plains are almost cer-

tain to be invaded to an even greater

extent than today. Therefore, we
shall need to understand more fully

the details of the complex relation-

ships between initiation, growth,

and survival of flood-plain plants,

the mechanism of erosion and de-

position during floods, and the be-

havior of streams in flood and at

low water.

It should be recognized that flood

plains, which are parts of water-

ways, are formed in two ways: by
alternate erosion and deposition

along stream banks, causing the

channel to migrate from one side of

the valley to the other, and by ero-

sion and deposition on the flood

plain itself during floods.

In spite of this, there has been

increasing encroachment on flood

plains, even by large-scale housing

developments. One instance is re-

ported in a study made by the Uni-

versity of Chicago's Department of

Geography: A river in northern

Indiana flooded at least three times

between 1947 and 1960, and yet

the number of houses built on the

flood plain increased from 140 in

1940 to 3,928 in 1960. There are

thousands of similar cases. Flooc

plains have been invaded not onlj

by homes but by industry, farm

buildings, highways, and recrea-:

tion areas.

People simply do not seem tc

realize—or accept the fact—that

streams periodically overflow theii

banks to cover their flood plains

The amount of damage, in terms

of mud- and water-soaked houses

inundated factories and stores, anc

injury and death to people and live-

stock, has tripled since the turn oi
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the century—not because floods are

getting bigger, but because man is

encroaching more and more.

To improve our knowledge of the

history of flood plains and the be-

ihavior of their streams, the United

States Geological Survey is con-

I ducting studies of flood-plain trees

and shrubs. These can provide test-

imony about previous floods in two

ways. The first is by the growth of

scar tissue after abrasion of the

bark by flood debris; the second is

by the characteristic pattern of

sprouts that grow from flood-felled

or flood-decapitated trees. Such evi-

dence has been studied in trees

along swift mountain streams in the

Pacific Northwest; along the Ohio
River near Marietta, Ohio; beside

desert rivers and washes in the arid

Southwest; and along Piedmont
streams from Georgia to Maryland.

Flood-damaged trees are in con-

siderable evidence along the Po-

jtomac River near Washington,
D.C., and along small streams in

nearby Virginia and Maryland. Ob-
servations at these scattered and

various locations suggest that such

damage may be found along any

tree-lined stream.

The rapid flow of water and the

large quantity of transported debris

are the two features of flood flow

most damaging to flood-plain trees.

The velocities of water along the

banks, over small, brush-covered is-

lands, and at the upstream ends of

larger islands are exceedingly high

—up to 15 miles per hour, several

times normal. The force of water

alone is sufficient to bend small

trees in the same way wet snow
flattens shrubs and young trees; and
because flooding is frequent and

repeated, the bending tends to be

permanent.

The water also breaks off the

tops and branches of trees and, if

the flood occurs in the summer, rips

away leaves. Thus floodwater car-

ries logs, branches, leaves, and
other fragments from flood-plain

vegetation, in addition to all kinds

of debris from human habitation.

During late winter and spring

floods, floating ice is particularly

damaging to flood-plain vegetation.

Debris and ice inflict the most dam-

age by felling, partly uprooting, or

cutting off large numbers of trees.

The universal tendency of living

things to heal a wound, and of cer-

tain species to replace a lost part,

provides us, in the case of trees,

with a dated record of the damage.

Just as a starfish grows a new arm to

replace one that is eaten, so a tree

grows a new trunk to replace a

felled one. But unlike the healing

wound and the regenerating starfish,

the unique characteristic of tem-

perate-zone trees is to produce an-

nual increments of wood. These can

be identified and counted to tell us

when the bark was destroyed or

when the tree was felled.

A sharp blow to a tree trunk,

whether made by a lawn mower, a

baseball bat in the hands of a small

boy, or an empty oil drum floating

on high water, crushes and thus kills

the living tissue between the bark

and the wood. This tissue, the vas-

cular cambium, is one of the parts

of a tree that grows and is largely

responsible for increase in girth.

(Another cambial layer, the cork

cambium, is present in tree trunks

and stems. It forms cells that com-
prise the outer layers of the bark.

The discussion here refers to the

vascular cambium.) By continued

cell division, the cambium forms

wood on the inside and adds some
of the bark outside. When the cam-
bium around part of the trunk is

killed by crushing, as happens dur-

ing floods, no wood is added there

immediately. Around the rest of the

trunk, however, wood continues to

form inside the cambium during

subsequent growing seasons.

At the outset of the first growing

/\ season following injury to the

bark of a tree, wood begins to grow
around the margin of the wound in

a manner similar to growth over a

pruning scar. If the wound is small,

a few inches long and less than an

inch wide, it will be covered by the

end of the growing season. If it is

larger, several years may be re-

quired for complete healing.

The scar can be dated by taking

a section through the trunk. The
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last ring formed prior to the injury

is traced along its circumference to

sound wood. The number of rings

that lie outside the scar represent

the number of growing seasons

since the injury occurred. If the scar

is between two rings, the flood took

place sometime after one growing

season and before another—gen-

erally between late August and mid-

April for the latitude of Washing-

ton, D.C. Occasionally a flood

occurs during a growing season,

such as the one on the Potomac

River on July 21, 1956. This sud-

den rise scarred a number of trees,

and it has been preserved within the

annual ring that grew in 1956.

Upright sprouts from flood-

felled trees can be dated more

simply than scars by taking a core

from near the base of a sprout. Be-

cause the shoots started to grow at

the beginning of the first growing

season after the tree was felled,

their age is equal to the number of

growing seasons after a flood.

Sprouts grow from trunks of felled

trees because of the complex, but

not completely understood, corre-

lations between external stimuli and

growth-regulating hormones within

the tree. We know by experiment

that growth regulators are produced

in actively growing terminal buds

and move downward in a stem in

concentrations that decrease with

distance from the apex. We know,

further, that although a high con-

centration of growth regulators pro-

motes stem growth, it inhibits, in

many plants, the growth of lateral

buds; therefore, lateral buds near

the stem tip usually remain dor-

mant. If the terminal bud is removed

from a stem and the manufacture

of growth regulators is therefore

brought to a halt, lateral buds and

tissues within the inner bark will

start to grow, forming a new stem.

(In the same way, certain house

plants become shrubbier if the top

bud is pinched off.)

If a stem of a greenhouse plant is

held in a horizontal position,

growth regulators accumulate in

greater concentration on the lower

side than on the upper side, and are

believed to move down under force

of gravity. If a stem is lighted from
one side only, a higher concentra-

tion of growth regulators will ac-

cumulate on the darker side. No one

has reported results of such experi-

Tree vs. Floodwaters: A Schematic

1 MAY 13, 1924 2 SUMMER, 1925

i

Flood deposits rich layer of silt from which, the next year, a seedling sprouts.

I

5 SUMMER, 1936 g OCT. 17, 1942

J .J^: ^

[mT<H^^;|VT^^

New sprouts soon rise from old trunk, but are badly damaged six years later.

9 FEB. 16, 1948 10 SUMMER. 1948

"TIT

Winter ice jam and flood severely batter the trees, but new sprouts rise again.

13 PRESENT

After 1955 flood, new sprouts grew and have prospered in years since then.
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ory of Typical Flood-plain Drama

SUMMER, 1935 4 MARCH 19, 1936

-ti'*-~-1—rp-;—,11- % '^M\
' vMi'^'pri^

Tree grows in period of relatively low water, then is felled by a record flood.

SUMMER, 1943 3 SUMME

'gfenjjgtet^

Sprouts appear the following summer, grow vigorously during next four years.

12 AUG. 20, 1955

Trees flourish for seven years, but then near-record flood does heavy damage

1956 SPROUT

Schematic interpretation shows traumatic life of a typical flood-plain tree.

ments with mature trees, probably

because they are difficult to grow in

a pot on a greenhouse bench. We
can only assume, then, that growth

regulators in trees behave similarly

to those in experimental plants.

A few observable phenomena in

growth behavior of trees are best

explained by the distribution and
activity of these growth regulators.

When growing relatively undis-

turbed in a forest, most hardwood
or deciduous trees consist, above-

ground, of a crown and one straight

trunk. If the tree is cut or knocked
down, or a large part of the top is

severely damaged, sprouts often

start to grow from the stump, from
the inclined trunk, or from below
the scar.

Something in the top apparently

prevents the growth of sprouts from
certain parts of the intact tree.

When the tops are removed, the

growth regulators, which are the

source of inhibitors, are also re-

moved—or a change in their con-
centrations takes place at lower
levels—and sprouts start to grow.
Bending a trunk causes the growth
regulators to migrate to the lower
side, thereby again removing the

inhibition effect from the upper side

of the trunk, and sprouts grow there.

If part of a forest is cut, such as

along a highway right of way, the

remaining trees initially display

conspicuously bare trunks. Within
a few years trunks of trees along

the border of the cleared area are

clothed with new branches on the

lighted side. Obviously, something
present in the trees when they stood

in an undisturbed forest inhibited

growth of branches on the evenly
shaded trunks. From greenhouse
studies we can infer that lower con-
centrations of growth regulators are

present on the lighted side of the

wood-border trees, and the inhibit-

ing effect is lost.

Several conditions that favor

growth of sprouts from tree trunks

are created when floodwater fells

trees. First, tops are severely dam-
aged, so that the source of the

inhibiting growth regulators is re-

moved or markedly decreased. Sec-

ond, trees also are bent over, and
growth regulators present in the

trunk become concentrated on the

lower side. Third, flood felling of

one or more trees opens the canopy
above the felled trees and causes an
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AFTER THREE GROWING SEASONS
FOLLOWING FLOOD DAMAGE

BARK

VASCULAR CAMBIUM

3 ANNUAL RINGS

Flood-scarred trunk covers its wound,

but leaves tree-ring date of injury.

Vascular cambium is shown enlarged.

increase in light intensity on the up-

per side of the felled trunk, resulting

in a further decrease in growth reg-

ulator concentration there. Flood-

felled trees, therefore, produce

sprouts at the start of the first grow-

ing season after a severe flood; with

the passage of years and in the ab-

sence of further damaging floods,

the sprouts grow into trees.

Only a few tree species are useful

in identifying past floods. Several of

these are common on flood plains,

a few are uncommon, and some are

quite rare, indeed. The common
ones in the eastern United States

are: sycamore, green ash,, silver

maple, box elder, Cottonwood,

American elm, river birch, and spe-

cies of willow. The uncommon and

Ash tree, knocked over by one flood,

was partly buried by another; then
it was exposed by a third inundation.

•*t:.

This scar, resulting from a flood on
Difficult Run, Va., in 1957, will

provide a precise historical record.

rare ones are: yellow poplar, black

walnut, red maple, swamp white

oak, shingle oak, bitternut hickory,

and sUppery elm. The inclined

trunks and upright sprouts of green

ash, sycamore, American elm, river

birch, and cottonwood offer the

most clear-cut evidence of flood

damage. These trees generally pro-

duce sprouts only during the first

growing season after a flood, and

the rings generally are distinct.

Most of the others are too rare to

have any significance, or, especially

in the case of silver maple, box
elder, and willow, produce sprouts

each year after a flood, so that the

age of a sprout is not precisely re-

lated to the time since the damage
took place.

The question is often asked:

"Doesn't inundation by high water

and debris kill the trees? After all,

dirt was piled around some trees at

a construction site down the street

and they died." Evidence for a

negative answer is so obvious that

it often is not seen. The presence of

living trees that have survived 20
floods in 32 years is sufficient proof

that high water alone does not kill

them. Trees are killed primarily be-

cause of lack of oxygen when the

soil around the roots becomes and
remains saturated, or when an

added thickness of soil prevents the

movement of oxygen from the air to

the roots. Often it is this lack of

oxygen in the soil that causes trees

to die when they are partly buried.

Roots of flood-plain trees, however,

are usually inundated for only the

few days the flood is at crest; the

fine sand or loose silt that comprises

I

most flood-plain soils permits rap'

subsurface drainage, once the hij

water recedes.

The most important reason th

trees continue to grow after a floe

lies in the nature of the trees then

selves. Species that grow on floe

plains are different from those c

uplands; and, although most tree

can survive inundation of the

roots for short periods of time, an

some for extended periods durir

the dormant season, studies sho

that flood-plain species around tl

margins of man-made reservoii'

and beaver ponds can live for longe

periods under these conditions tha
;

can upland species. Some flooc

plain trees will survive inundatioi'

for several months during the wir'

ter, and it is during the winter an

spring months that floods are grea'

est and most frequent in the foi

ested parts of the United States.

Even partial burial of trees b,

deposition, or erosion of so:

from the roots, does not kill a

flood-plain trees. Upland trees in

relatively undisturbed forest char

acteristically have a prominentl

flared base, which consists most!

of flanged roots that taper from th

trunk to the ground surface. Base

of most flood-plain trees, on th

other hand, do not have a flarei"

base; rather, they resemble telej

phone poles, set in the ground al

though buried. The inclined trunk!

of many flood-felled trees protrud'

from the surface of the ground, anc

deposition has even buried thi

bases of many sprouts growing fron

the parent trunk. Other trees shovl

roots and unbroken root stumps t(I

heights of a few feet above thi'

ground, where soil has been erodeci'

from around them. i

In a hundred-yard stretch of ;l

flood plain, one can observe buriecj

trees, exposed roots, and normal
trees. This spatial variation in trei

burial and root exposure tells u;

:

that flood-plain sediment is erodec*

and deposited during any one flooci

and that it may be eroded or depos'

ited at any one place during succes-

sive floods. Microscopic examina-

tion of trunk wood that has beer

buried and root wood that has beet

exposed shows them to be differen

in structure from normal trunks o

roots; counting the rings in the ab

normal wood permits dating o
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either trunk burial or root exposure.

The construction of flood histor-

ies of rivers by analyzing tree dam-
age reveals that flood plains are

among the most unstable environ-

ments in temperate regions. Tree

species that grow there are those

that can survive frequent and vio-

lent forces. When inundated, such

trees continue to live. When scarred,

broken, felled, or buried, they can

heal their scars or produce new
trunks that permit continued life.

Trees seemingly devastated by
floods soon recover, and the shat-

1 tered forest begins to heal. One such

forest, along the Potomac near
' Washington, was virtually flattened

"by tons of ice in February, 1948,

!ibut in many places now, only eight-

een years later, signs of this dev-

|astation cannot be seen from a

:
distance. In these places, only close

study in the woods reveals evidence

of the ice jam.

Trees, their growth and survival,

and the erosion and deposition of

I flood-plain sediments appear to ex-

ist in a natural equilibrium with

each other. The trees affect the

magnitude, nature, and precise lo-

cation of erosion and deposition on
a flood plain. Studies have shown
that banks of treeless flood plains

are unstable and rapidly erode

laterally. But old trees and their

dense tangle of large old roots on
the vertical face of other channel

banks show that those banks have

been relatively stable for a period

I

at least as long as the ages of the

trees. Also it seems probable that

trees in some places on flood plains

aid deposition by slowing the water

, and allowing sediment to drop.

j

The ages of trees in a flood-plain

j

forest give some testimony as to the

frequency and magnitude of floods.

Older trees, although damaged,

j

survive severe floods, but seedlings

\ are washed away or completely bur-

;

ied. Recently deposited or eroded

soil seems necessary if seeds are to

germinate; thus the presence of sap-

lings and trees on surfaces normally

frequently flooded shows that at

some time in the past there was an

extended period free of floods.

The zonation in trees and shrubs

that one sees along a river—herba-

ceous plants and shrubby trees

along the banks, young saphngs

away from the river, and larger

trees on the flood plain near the ad-

joining hills—is the result of plant

growth following floods of different

magnitudes. The lower surfaces of

a flood plain, supporting shrubby

plants, are flooded frequently and
violently. Slightly higher surfaces,

supporting small trees, are flooded

less often, and the force of the water

is lower because the floodwaters

are shallower and the trees slow

them down. Finally, those larger

trees that are farthest from the

channel are flooded only occasion-

ally, and forces of even the highest

waters are minimal.

If
man uses a flood-plain forest

for recreation, the species com-
position will change and the forest

will ultimately die because man will

fe^t^fei

prevent its reproduction. Erosion

and deposition at the new treeless

site will be different and, perhaps,

will force man to leave the flood

plain. If dams or levees are built to

lessen flooding and resultant dam-
age, and if flow is increased during

drought periods, the flood-plain

forest will change because existing

forests are in a dynamic equilibrium

with the present array of floods and
low flows and the attendant geologic

processes. If the forest is changed
or removed, erosional and deposi-

tional processes will be different. If

floods are controlled, or if a higher

minimum flow is maintained, the

flood-plain forest will change.

Because of the dynamic relation-

ship between flood-plain forests and
processes that form and modify the

flood plain, any activity of man that

changes the one will affect the other,

and man will inherit an environ-

ment quite different from that with

which he started.

?<51fi»,«T S«S

Shrubs of willow, sycamore, and river

birch on a flood-plain island would
become trees in a calm environment.
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Rock Carvings
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RELIEF I

Drawing, above, clarifies details o,

10-foot-high carving. Figure seated ir

midst of concentric circles is at left)

One of the rain cloud forms and a plan,

that may perhaps be corn are belon
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at Chalcaciiigo
Bas-reliefs

add to knowledge

of ancient

Olmec culture

in Mexico

By Carlo T. E. Gay

The archeological site of Chalca-

cingo, located about eighty miles

from Mexico City, is one of the least

known of the Olmec complex. Con-

sidering that the Olmec was the earli-

est of the high cultures of Mexico

(it prospered from about 1000 B.C. to

about 400 B.C.) ,with a highly sophis-

ticated form of art, the importance

of the site cannot be underestimated.

Several articles have been written

about Chalcacingo, and a few draw-

ings and photographs have been pub-

lished, but only recently have some

previously unknown, or at least un-

recorded, carvings come to light.

Their subject matter adds greatly to

the iconography of the Olmec dossier.

The approach to the tiny village

of Chalcacingo is from the Cuerna-

vaca-Matamoros highway. A short

distance from Amayuca a dirt road

leads past the monastery of Monte-

falco, and on to the bare and dusty

plaza of Chalcacingo. A forty-minute

walk through cornfields completes

the trip to the foot of a massive,

basaltic formation called the Cerro

de la Cantera, which rises nearly a

thousand feet above the plain. With
the adjoining Cerro Tenango and
Cerro de Jantetelco, both over a

thousand feet in height, the three for-

mations are dramatized by the con-

trasting flatness of the surrounding

plain. Seen from well out on the high-

way, the incongruity of their pres-

ence in an otherwise pedestrian

landscape excites curiosity and ad-

miration. The dramatic aspect of the

scenery is further enhanced by a

striking view of the towering, snow-

capped Popocatepetl to the north.

This grandeur may have influenced

the choice of the site for ceremonies.

There are vestiges of a rectangular

plaza, which is about 195 feet from

east to west and 16.5 feet from north

to south, and two overgrown temple

mounds at the foot of the cerro. But

the most significant feature of Chal-

cacingo is a group of reliefs carved

into the rock on the northwestern

slope of the cerro. To date, six major

reliefs have been found. Together

with a fragmented stone figure, found

in a creek a few hundred feet from

the cerro, they constitute an impres-

sive record indicating an Olmec occu-

pation of the site. Chalcacingo is the

only pre-Classic site of the central

Mexican highlands where monumen-
tal stone sculpture has so far been

encountered. Distribution of the

reliefs on the slope does not appear

to have been regulated by any prear-

ranged order, nor can we suggest, at

this stage, any meaningful relation-

ship between them in terms of over-

all symbolism.

Relief Number I, the largest of the

group, is 9 feet by 10 feet 8

inches. It is located on the right side

of the cerro, high up on the slope.

Carved on a small cliff that projects

from the main body of the cerro, it

stands in a vertical position and faces

east [opposite page). The composi-

tion is centered around a figure

seated in ritualistic attitude inside a

U-shaped niche, perhaps symbolizing

a cave. The personage wears an elab-

orate headdress adorned with three

sets of concentric circles and two

recumbent panaches. He holds a

ceremonial bar decorated with an

involved S-shaped symbol. Volutes of

mist or clouds roll from the mouth
of the "cave."

The upper section of the relief is

framed by three compound rain sym-

bols. Each is composed of three sets

of stylized cloud forms, from which

falls what appears to be a curtain of

rain, represented by a series of small,

parallel, vertical lines.

Several other symbols are scat-

tered at random around and above
the cave—five plant forms realisti-

cally outlined; fifteen vertical "pen-

dent dot" signs, possibly depicting

drops of rain; five large symbols of

concentric circles similar to the Maya
glyph "Muluc"; and a composite

glyphic element of crossed bands and
flames within an oval cartouche.

Examination of the plant forms leads

one to believe they represent corn.

Raindrop signs, in groups of three,

are repeated three times on the fig-

ure: twice on the headdress and once
on the thigh. The emphasis on repeat-

ing certain symbols three times may
be significant. According to my in-

terpretation, this marked repetition

appears to be generally associated

with moon and water symbolism.

When considering the various ele-

ments that compose the relief there

is no doubt of their close, mutual
relationship in forming one theme
that seemingly expresses a ritualistic

propitiation of the rain, and exalts

the growth of vegetation by virtue of

imitative magic.

The relief is relatively well pre-

served, although part of the figure's

face shows evidence of intentional

mutilation. A boulder partially ob-

structs the view of the lower left por-

tion of the carving. In summer, the

best light for studying the details

occurs between 11:00 a.m. and noon.

A few yards from the relief, a

small, rectangular cavity is carved in

the bedrock. Now filled with earth

and gravel, it can easily be over-

looked. It was possibly intended for

collecting rain or for receiving pro-

pitiatory water.

Relief Number II {page 58) is

carved on a large rock at an elevation

of about one hundred feet above the

ancient plaza. Both this relief and
Number I were first reported by the

Mexican anthropologist Eulalia Guz-
man. Four figures, composed within

a space of 5 feet 3 inches by 10 feet

3 inches, are apparently taking part

in a ritual. The figure at the far right

is a seated, bearded man, facing left.

His arms and legs are outstretched,
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Photographs at left and right are of the two figures seen at far

right of interpretive drawing,_above. This scene may represent

some kind of fertility rite or possibly an initiation or sacrifice.

wrists are tied together, and the erect

phallus is clearly delineated. A horn-

shaped ornament projects from the

forehead of the figure. A mask is on

his back, apparently a part of his

regalia {see above). On more care-

ful observation, however, it may be

that the mask pertains to, or is part

of, a dwarfed figure, backed up

against the principal character. Un-

fortunately, the poor condition of the

relief at this crucial point does not

allow faithful interpretation.

Two standing figures in the center

face the seated personage and appear

to be dancing or moving toward him.

They wear elaborate headdresses,

stylized masks, capes, and belts with

decorated buckles, and both brandish

long-handled, paddle-shaped objects

that may represent stone knives.

A foui-th figure moves toward the

t Amayuca
Chalcacingo^^

Cerro de la Cantera A f
'

AHSITE OF
STATE OF MORELOS 'OLMEC

; FINOS

m
1 ^-'

\
STATE

STATE OF GUERRERO » OF PUEBLA

left, receding from the others. The

same ritualistic paraphernalia is as-

sociated with this figure, except that

a plant form is substituted for the

"knife." (Possibly this is a planting

stick, symbolically adorned with

leaves.) The reversed position of this

figure activates the composition and

helps to dramatize the scene. The

dynamic rhythm of the standing fig-

ures contrasts with the formal rigid-

ity of the bound man, and stresses

the drama of the rite.

Current interpretation of the relief

derives from the phallic conno-

tation, implying a fertility theme. It

has also been suggested that the

seated figure may represent a pris-

oner marked for sacrifice. Consider-

ing the exceptional character of the

theme, and that phallic symbolism is

generally absent from Olmec iconog-

raphy, the relief may have a more
profound significance. One can only

speculate as to the actual meaning

and the ultimate scope of the cere-

mony: perhaps the scene can be in-

terpreted as a ritualistic initiation.

This relief is no longer in its origi-

nal position. At one time it slid down
the slope, came to rest against an-

other large stone, and the surface

with the relief became partially hid-

den. In 1953, Roman Piiia Chan, of

the Mexico Institute of Archeology,

had the top of the obstructing stone

removed. The relief is comparatively

shallow and fairly well preserved

owing to its inward slant and the re-

sultant overhang. Until 1953 it was

further protected by the supporting

mass. It faces northwest, and the best

observation light for this relief oc-

curs in the summer, after 4:00 p.m.

The third relief, 10 feet high and

8 feet long, is cut into a large boulder i

located about fifty yards to the left

of Relief Number 11. It faces north,

and appears to be in its original .

position.

The carving portrays a full-bodied

feline surmounted, on the right, b)

three U-shaped symbols {bottom,

opposite page) . The carving is rather

shallow and follows the natural con-

tour of the rock. Anatomical details J

of the animal are unusually well 'il

rendered. Although the large, erect

tail and the head are somewhat out
|

of proportion to the body, the over-

all plastic effect is lively and har-

monious. The head, in particular, is

remarkable for its naturalism and is

devoid of conventional stylization,

with the exception of the eye and a

V-shaped sign on the ear. Faint traces

of red are still visible on the animal

and in other areas of the stone. The

U-shaped symbols, also in shallow re-

lief, are adapted to the undulated

contour of the rock. They interlock,

and extend to the boulder's top.

The particular type of feline por-

trayed on this relief is probably

related to a "moon cult" concept, as

I believe the moon deity, closely asso-

ciated with water and rain principles,

was represented by a feline motif or

its anthropomorphic equivalent.

In that respect, the reference to

Olmec jaguar types as "rain gods,"

which has been advanced by some

students, may be correct. In Olmec

iconography, however, there is a

clear indication of two basic feline

types, each with distinct attributes:

a female usually characterized by a

V-shaped symbol and no fangs and a

male with fangs and no V-sign. This
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llifference in types is apparent in sev-

ral anthropomorphic axes in the dis-

inct position of the hands, and by

ither characteristics. There are also

ixamples of combined representa-

ion, generally emphasized by a more

:omplex symbolism.

(Dr. Gordon Ekholm of The Amer-

can Museum of Natural History has

uggested that certain Olmec spoon-

haped objects—of jade or other

tone—might be equivalent to the an-

ient Chinese moon mirrors. These

re reported to have been exposed on

aoonlit nights to collect "brilliant

rater"—probably night dew—that

vas thought to fall from the moon

and was used for ceremonials.)

The relief is in fairly good condi-

tion, save for a break on top of the

feline's head. Legs and paws are in-

distinct, the result of insufficient

carving or weathering. Soil accumu-
lation at the foot of the rock brings

the ground level closer to the relief

than it was at one time.

It is interesting to note that there

are a few cup marks, apparently

carved at random. They are similar

to those encountered on Olmec
monuments from La Venta and San
Lorenzo. Generally indented with a

smaller hollow, they have the appear-

ance of a breast form in the negative,

There is no satisfactory explanation

for these cup marks, which have also

been recorded from Europe and Asia

of Late Paleolithic and Neolithic

times. Perhaps they were devised for

recording periods of time or recur-

ring astronomical events. Because the

cup marks are mammillary in shape,

it is also possible they were asso-

ciated with some fertility concept. It

is unlikely that they were accidental

gouges left as a result of tool sharp-

ening. The Olmec monuments that

bear such marks are in basalt,

whereas sandstone has been the time-

honored whetstone.

In addition to the cup marks, and

to the left of the feline figure, there

are some natural cavities that have

been enlarged and reshaped by peck-

ing with a stone implement. It is

plausible to assume that they were

used to accommodate offerings.

There are also traces of copal re-

cently burned as offerings at the foot

of this relief and in other cavities on

the cerro. It would be interesting to

check residual deposits of copal that

can be found in various niches, as it

is possible that some are left from

ancient times.

Relief Number IV {page 61) is

carved on a boulder that rests

against the back of Relief Number

III. Like Numbers III and V, it was

discovered in the summer of 1964.

The scene, carved more deeply than

any other of the group, is confined

within an 8- by 8-foot space.

The highly dramatic theme of the

RELIEF Ml
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Relief Number VI was discovered

in July, 1965, about twenty feet east

of Relief Number I. It represents a

realistic squash vine with nine leaves,

four blossoms, and two tendrils (left,

below). It has an over-all measure-

ment of 4 feet by 2 feet. The carving

is in excellent condition, as rains have

only recently washed away protective

layers of soil. The most significant

aspect of the relief is the blossom,

which relates to similar stylized ele-

ments from Teotihuacan and Monte

Alban. The close relationship be-

tween this relief and the propitiatory

theme of Relief Number I is obvious.

Roman Piiia Chan has shown, by

ceramic analysis, that Chalcacingo

was inhabited by Olmec people from

the end of the Lower pre-Classic to

the beginning of the Upper pre-

Classic Horizon, or from about 1000

B.C. to 400 B.C. However, there is no

certain way to correlate these reliefs

with the site's ceramic chronolog)'.

The same problem exists in dating

'Olmec monuments on the Gulf Coast.

Their style and symbols indicate that

most of the monumental sculpture,

including the reliefs of Chalcacingo,

was executed toward the end of the

florescent period of the culture, or

after 600 B.C. If the Olmec chro-

nology, currently advanced, is cor-

rect, then the most productive period

would span the fifth to the fourth

centuries B.C.

The Chalcacingo reliefs can be con-

sidered Olmec on stylistic grounds,

even though they differ in subject

matter from most of the Gulf Coast

monuments. Points of comparison

are mainly confined to style, symbols,

and elements of design. Attention can

be drawn to a similarity between the

outline of the human figures of Relief

Number IV and some of the "Dan-

zantes" from Monte Alban. However,

the superficial resemblances should

not lead to the assumption that they

may be contemporaneous.

The individual placement of the

reliefs on the cerro was well con-

ceived. Harmoniously integrated

with the natural setting, they appear

as decorative elements of a gran-

diose, architectonic composition.

Chalcacingo undoubtedly played

an important role in ancient

times. When the Olmec influence

reached the central highlands of

Mexico, the region was already more

or less densely populated. The local

people gradually adopted some as-

pects of the Olmec culture. There is

no way of telling how long Chalca-

cingo was active as a ceremonial

center. All that can be said is that

the vitality of the Olmec culture

ended sometime after the fourth cen-

tury B.C. However, its heritage sur-

vived as an inspiration and example

to other peoples. The culture's basic

elements had diffused far and deep

enough to lay the foundation upon

which later civilizations evolved.

RELIEF IV
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PORTRAITIIN SCIENCE

IDarwin's "Origin"todai
IBy Gavin de Beer

ON January 16. 1869. Charles Darwin

wrote to his friend Sir Joseph

Dalton Hooker: "It is only about two

years since the last edition of the Origin,

and I am fairly disgusted to find how
much I have to modify and how much I

ought to add." On January 22 he contin-

ued. "If I lived twenty more years and

was able to work, how I should have to

modify the Origin, and how much the

views on all points will have to be

modified."

At that time Darwin was seriously

troubled by two lines of attack on the

Origin that appeared to be dangerous

and damaging. One was a criticism

brought forward by Fleeming Jenkin.

who objected that the chances of single

variations (that is, mutations ) becoming

incorporated in a population were infini-

tesimally small because of the infre-

quency (in the then current state of

knowledge) with which two similar vari-

ants could be expected to meet. He also

said it was virtually certain that such

1875

variants would be swamped and oblite:

ated by interbreeding with the rest of tli

population.

Jenkin's criticism increased the dif

culty under which Darwin was alreac

laboring to account for a supply of varii

tion sufficient for natural selection

work on. Darwin admitted to Alfr«

Russel Wallace on January 22. 1869:

Jenkin argued . . . against single vari

tions ever being perpetuated, and h;

convinced me." In the new (5th) editif

of the Origin then in preparation, Da^

win did the best he could, which was
lean more heavily on the position th:

variation was produced as the result

then supposedly inherited—of acquir(

characters, of the use and disuse of di

ferent portions of the anatomy, and
environmental action.

The other attack that Darwin had
meet was from Sir William Thomson, a

terward Lord Kelvin, who claimed th

the rate of cooling of the earth provi

that its age could not be estimated
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New books

published for The
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iress
THE ALIEN ANIMALS
The Story of Imported Wildlife
by George Laycock

Jamaican plantation owners imported the mongoose
to kill rats; it ended up killing their chickens. Senti-

mental expatriates thought rabbits would brighten the
Australian landscape; soon they were building a rabbit
fence across the continent. The history of imported
animals contains few successes, innumerable disasters,

and many strange aberrations. In recounting the

bizarre things that happen to alien animals, the author
of The Sign of the Flying Goose sounds a warning for
the future. With 16 pages of photographs, $4.95.

RAISING LABORATORY
ANIMALS
by James Silvan

The joy of observing and investigating living animals
has tempted the imaginations of many amateur biol-

ogists. But the problems involved in keeping small
animals in home or school laboratories have deterred
most. Here is the first handbook of its kind — a non-
technical guide to collecting, raising, and maintaining
animals for research, from protozoa to opossums. All
the techniques have been tested and require little or
no special equipment. Dr. Silvan also suggests fruitful

lines of investigation. Illustrated with line drawings
and photographs, $4.95.

BIRDS AROUND THE WORLD
A Geographical Look at Evolution and Birds
by Dean Antadon
Bird life differs almost entirely from one continent
to another. In fact, it is not surprising to find vastly

different kinds of birds at the feeding stations of next-
door neighbors. The reasons behind the remarkable
diversity of birds are as fascinating to contemplate as

bird watching itself. This new book by the Lamont
Curator of Birds at the Museum "does admirably well

... in outlining the elements of the general causes of
geographic and ecologic distribution of birds through-
out the world."—Library Journal. Illustrated, $3.95.
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6^ Helena Curtis
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photographs, $4.95.
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The Two Worlds of the African Pygmies
by Colin M. Turnbull

A remarkable, detailed view of the Mbuti pygmies of
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forth between their independent forest world and the

"luxuries" of the village. With a dozen maps and 42
dramatic photographs, $7.95.

FREE EXAMINATION COUPON
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(PLEASE PRINT TITLES)
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more than forty million years. This was

extremely damaging to the theory that

evolution was caused by the natural se-

lection of random variations, and was

"opportunistic" because the time avail-

able would have been insufficient to allow

for the evolution of all organisms from

the primordial germ, unless design and

direction had been at work. This was a

basic and a direct threat to Darwin's con-

stant aim to keep the subject of evolution

on a strictly scientific basis, free from

metaphysical or theological concepts of

providential guidance, which would, of

course, have involved supernatural inter-

ference with the laws of nature.

That Darwin was shaken by this sec-

ond blow is shown by a letter he wrote on

January 31. 1869. "I am greatly troubled

at the short duration of the world accord-

ing to Sir W. Thomson for I require for

my theoretical views a very long period

before the Cambrian formation." But

Darwin himself as a geologist had de-

voted prolonged attention to the length

of time that must have been involved in

the deposition of sedimentary rocks, and

he felt justified in writing to Hooker on

July 24, 1869. "I feel a conviction that

the world will be found rather older than

Thomson makes it."

From this standpoint Darwin has been

triumphantly vindicated by the discov-

eries of radioactivity. Today the age of

the habitable earth is estimated at some

three thousand million years—ample for

what Darwin called "wasteful blunder-

ing" and blind action of natural selection

to have produced what it has. Darwin's

fears on that score can be removed.

The Impact of Mendel

THE manner in which Jenkin's attack

has been parried may be introduced

by quoting a passage in the Origin in

whiclr Darwin wrote: "The laws govern-

ing inheritance are for the most part un-

known." Even the 6th edition, published

in 1872, contains this passage, wliich,

had Darwin (and everyone else) known
it, was already overtaken by events. On
February 8 and March 8, 1865, G. J.

Mendel had delivered the famous lec-

tures in which he laid down the founda-

tions of the science of genetics, based on

his work with generations of garden peas.

Mendel's work remained unknown until

1900. when it was unearthed and con-

firmed, but even then the biologists of the

day failed to appreciate its significance.

Because the character differences then

known to obey Mendel's laws were clear-

cut, the opposition to Darwin's view of

gradual and infinitesimal variation saw

in Mendel's work a stick with which to

beat Darwin.

It remained for Ronald Fisher in 1930

to show the real importance of Mendel's

discovery, which was that inheritance is

particulate—which means that variance

is preserved instead of being

I
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amped," as had been assumed under

false notion of blending inheritance.

win, of course, never knew this, but

leed not have worried on either of the

res that troubled him so greatly in

9. The amount by which the Origin

had to be modified to keep it abreast

iie present state of knowledge is much

than Darwin thought, from the point

iew of theory, and there is much more

lence now available that confirms, ex-

is, and refines its arguments.

I
Genetics and the Theory

ONFIRMATION of the validity and

reality of the principle of natural

action comes from two sources, ge-

x and paleontological. Taking the ge-

ic evidence first, it was shown by

ber that the phenotypic effects of a

e are subject to control by the other

es of the gene complex, and that as

gene complex is reshuffled in every

;eration by the segregation and re-

ibination of the genes, the resultant

ividuals show variation of the effects

ihe gene in question. These effects can

gradually enhanced or diminished, ac-

ding to which gene complex provides

most efficient adaptation of the or-

ism to its environment,

'his is why some advantageous genes

e become dominant, and others have

ome recessive and even suppressed.

B. Ford showed about 25 years ago

t a given gene in the currant moth can

made to become dominant or recessive

ording to the direction of the selection

rted on different lineages. In other

ds. there is incontrovertible evidence

selection at the heart of genetics. The

motypic effects of a gene, clear-cut or

, are themselves the result of selec-

1, and this selection gradually pro-

;es results—which is exactly what Dar-

1 claimed.

ieredity is particulate, but this does

mean that evolution is discontinuous

'"jerky." In other words, Mendelian

letics and the chromosome mechanism
•vide exactly what is required to ex-

in evolution by natural selection. A
V edition of the Origin would say.

refore. that the laws governing inher-

ice are now known, and tliat heritable

ration arises from the random recom-

lation of segregated, previously mu-
t genes.

Msher then showed by a simple dem-

;tration that all attempts to explain

lution as a result of inner urges, ful-

ment of needs, effects of use and dis-

stimuli from the environment, ortho-

lelic trends, or other metajihysical

icepts are doomed from the start. Such
ories presuppose that there is a "fa-

able breeze of mutations" leading to

iptively directed and beneficial evolu-

lary results.

That such a process has no basis in

t is obvious. When a mutation first oc-
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curred, environmental conditions that

then existed must have been adverse to

the mutation. This is why the majority of

mutant genes are recessive. This demon-

stration is so simple that it long evaded

attention. But it is inescapable that, in

the words of Fisher, "Every theory of

evolution which assumes, as do all the

theories alternative to Natural Selection,

that evolutionary changes can be ex-

plained by some hypothetical agency

capable of controlling the mutations

wluch occur, is involving a cause which

demonstrably would not work even if it

were known to exist." Genetics, there-

fore, shows that natural selection is

all-powerful, while the immediate evolu-

tionary consequences of mutation are

negligible. It is only after mutant genes

have been absorbed into the gene com-

plex (if they become adaptively benefi-

cial), segregated and recombined, and
acted upon by selection that mutation

plays a part.

The Zigzag of Evolution

FROM the paleontological side George

Gaylord Simpson has shown that the

rate of evolution is not correlated with

variability, nor with the number of years

occupied by a single generation. Further-

more, in the evolutionary history of such

animals as horses, there has been no

straight program at all. From the Eocene

onward, the trends have zigzagged— first

in the direction of many-toed browsers,

then of many-toed grazers, and lastly of

one-toed grazers. Those lineages that lin-

gered and persisted too long in any of the

previous trends of horse evolution paid

the penalty of extinction. This, together

with the demonstrable adaptation of suc-

cessful lineages to changed ecological

conditions, as revealed by geologic and

climatological data, shows that natural

selection has been the governing factor

in directing evolution. By comparing re-

lated marine and terrestrial animals it

can likewise be shown that it is natural

selection that determines whether evolu-

tion takes place rapidly, slowly, or re-

mains stuck, because genetic mechanism
can produce either variability or stability

—the former because genes can mutate.

segregate, and cross over in their chro-

mosomes; the latter because genes mu-
tate only infrequently, they never blend,

and they can be linked together in their

chromosomes.

It is because natural selection is Dar-

win's personal contribution to science

that his credit remains unblemished. It

has sometimes been suggested that as he

frequently spoke of "survival" as the

prize of victory in selection, he was more
interested in longevity than in reproduc-

tive capacity; and it has even been held

that reproductive selection is "non-

Darwinian." This is, however, unjustifi-

able, for by survival Darwin meant
ability "to propagate their kind in larger
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numbers than the less well adapted'

David Lack's demonstration that the c

timum number of offspring for spec)

survival is not equivalent to the ma.\

mum is relevant here.

Toward the end of his life, Darwin to

his son Leonard that he expected e

dence on natural selection to be availat

in about fifty years. As Fisher's ai

Simpson's work shows, this estimate wi

remarkably accurate, and the eviden

now available is formidable and cd

stantly increasing. However, only tl

most salient experimental results can j

mentioned here.

Mimicry and Melanism

IN
1936, E. B. Ford showed not or

that Batesian mimicry (by which o

species looks or acts like another) is

true adaptive phenomenon conveyi

survival value but also that it has be'

built up by natural selection of muta
genes. The proof is that where the mq
els are more common than the mimics

(j

which case predators learn quickly

shun the unpalatable type), the mimel
resemblance is close to perfect, and ti

variance of the mimics is small. On t

other hand, where the models are re]

lively infrequent, the mimics copy the

only imperfectly and show considerat

variance. When a model is less w(

known to predators, the survival value

resembling it is small, and there is le

selection pressure exerted on the min^

to make it copy the model accurate]

This is a case in which the close conne

lion between genetics and ecology can

most easily observed.

A second example is furnished by i

dustrial melanism, or color variations. J

the middle of the nineteenth century

England, a melanic mutation of the pe

pered moth appeared, leading to the C0|

slant elimination of the melanic variei

by bird predators because of its C0|

spicuousness against the natural baci

ground of lichens on the trees where i

rested. This was a telling case of adverj

selection, but the mutation kept on recu

ring. With the progress of industrializi

tion, the countryside became increa

ingly polluted by soot, and the tre"

became black. Now the originaL gra

wild peppered moth suffered from bii

predators in the industrial areas.

This phenomenon is widespread. IVIoi

than seventy species of Lepidoptera a

now undergoing melanization in indu

trial areas, and it has been observed

spiders, as well. Here, then, is a gei

that, when it first mutated, was deletei

ous but that, as a result of utterly unpr

dictable changes in the environment

conditions, became advantageous ar

now confers survival value. In fact, tl

degree of dominance of the gene has i:

creased during the last hundred year

This is one case in which evolution hi

been under human observation, for tl

'



nic form has been seen to supplant

Id gray form in industrial areas, and

ral selection has been shown to have

ted the evolution.

Sickle cells and Malaria

final example is the mutation that

causes sickle-shaped red blood cells

ig West African indigenes. The gene

;s the formation of abnormal hemo-

in, the molecules of which attach

,:selves to one another end to end,

:by distorting the cells and causing

i to look like sickles. These cells are

y destroyed, and in homozygotes

ividuals that have inherited only the

e-cell gene) under conditions of

ten' deficiency, this results in ane-

thrombosis. and death. It is not

rising that the gene is recessive. On

other hand, this abnormal hemo-

iiin prevents the entry into the red

of the parasite Plasmodium falci-

m, which is responsible for a type

lalaria. In regions where malaria is

smic, an equilibrium is set up be-

n the number of normal homozygous

/iduals liable to die of malaria and

'number of individuals homozygous

he sickle gene that are liable to die

hrombosis. The heterozygous indi-

als (who have both normal and

le genes) get the best of both worlds,

they are more protected from both

lers. But their genetic constitution

€s inevitable the production of homo-

te' offspring of both kinds, who will

their different kinds of penalty.

I West Africa, the sickle gene is

ent in about 20 per cent of the pop-

ion. With this percentage, four out

ve homozygous sickle children die.

descendants of these populations in

[United States, where there is no en-

ic malaria, show only 9 per cent with

le genes. This example shows how
iral selection, opportunistically, can

'ert a lethal gene into one that con-

survival value under certain eco-

cal conditions. Furthermore, it pro-

s a case of the special advantage

)yed by heterozygotes, and shows how
percentage of a gene in a population

become changed. The latter is of par-

jlar importance because, as a result,

ution can also be defined as a sta-

cal change in the gene pool of a

ulation.

1 this way. the theory of evolution by

iral selection of heritable variation

stablished on an experimental basis

n extent that Darwin himself would
ily have imagined possible. Here.

1, the Origin can be confirmed in

>ry, expanded in detail, explained in

•hanism. and clarified. The same can

laid of the fossil record, which by now
provided close series of lineages—in

assic ammonites. Cretaceous sea ur-

[is, and Tertiary horses, camels, and

ARCHEOLOGY TOUR OF SOUTH AMERICA

ARRANGED BY THE AMERICAN MUSEUM OF NATURAL HISTORY

20 DAYS-MARCH 28 TO APRIL 16, 1967

An exciting trip to

the famous arche-

ological zones of

Peru and Bolivia,

including the fa-

bled Lost City of

the Incas, Machu
Pichu, high in the

Andes. Other high

spots will include

LakeTiticaca, reed

villages of the
Uros Indians, col-

orful native mar-

kets, and the
Guano Islands off

the Peruvian coast.

?^?

d* ^£k

.yi^Sflh^AMl^^Tdll^S

k .'"

^^^

Other American Museum Tours:

NATURE STUDY TOUR TO THE FINGER LAKES REGION • WEEKEND FIELD TRIP

FOR BIRD ENTHUSIASTS • WEEKEND FIELD TRIP IN GEOLOGY

POR FURTHER INFORMATION CALL OR WRITE:
DEPARTMENT OF EDUCATION

THE AMERICAN MUSEUM OF NATURAL HISTORY
CENTRAL PARK WEST AT 79TH STREET

NEW YORK, N.Y. 10024. TEL. TR 3-1300, EXT. 462

The new Uher 4000-L
is strictly for the birds.
Or any other natural sound for that matter.
Its the one portable tape recorder you can
rely on for performance, convenience and
precision. Here's why: Exclusive Akustomat
—records on sound impulse only. Leave it

out in the field all day. It will only record
when there is sound— no wasted tape; Dia-
P/7of— automatic slide projector synchro-
nizer; ultra sensitive microphone: solid state
design; operates up to 12 hours; hi frequency
motors; digit counter; 4 speeds; and more.

From the heights of Mt. Everest to the bot-

tomless pits of Africa, ornithologists, anthro-
pologists and scientists the world over have
found its full fidelity sound is incompar-
able^ Visit your hi fi dealer for a startling

demo or write for literature: Dept. Bird,

Los Angeles; 2356 South Cotner; New
York City: 1199 Broadway; Chicago:
5445 fNorth Lincoln Avenue.
Sound begins and ends with a Uher
Tape Recorder by r^JTnarteLl

MARTEL ELECTRON ICS
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ALADDIN'S TREASURES, INC. Dept. N-8A, 648 Nimh Ave., New York, N.Y. 10036

TLALOC-Rain God of the Toltecs-in a
Terrastone reproduction of a rough hewn stone
idol excavated at Teotihuacan, capital city of
the mighty Toltecs, who ruled the Valley of
Mexico from the 6th to 10th Centuries A.D.

A cavity at the top may be used for burning
incense, after the custom of pre-Columbian
rituals. Even today, in remote areas of Mexico,
Indians still burn incense to honor their
ancient gods in the ruined temples of long
deserted cities. IVz" high. Free incense with
every order. #AT-13 $12.50
Plus 750 for postage and handling.

For illustrated catalog of art and

antiquity reproductions, send lOc.

Aladdin's Treasures, Inc., Dept. N-8A
648 Ninth Ave, New York, N.Y. 10036

Prices,

postage incl.

Please send me the following:

D #AT-1, Akhenaten & Nefertiti $12.95

a #AT-7, Thoth statuette $ 8.30

n #AT-13, TIaloc, with incense $13.25

n Illustrated catalog of reproductions .10

New York residents please add sales tax.

Total encloseil $

Name
Add re ss

City State Zip

AKHENATEN AND NEFERTITI
—clearly recognizable in this remarkable Terra-

stone plaque made from an ancient sculptor's

study in soft limestone. Akhenaten's unusual

head with its great, drooping jaw and spindly

neck spurred a new art style as heretical to

Egyptian tradition as his religious ideas.

Called the Amarna style, after the capital

Akhenaten built for worship of the sun disc

Aten, it replaced the traditional idealism with

naturalism. 8" x SYz", complete with wall hook.

#AT-1 $12.50
Plus 450 for postage and handling.

THOTH—ancient Egyptian God of intellect—

in exact reproduction of a rare faience statu-

ette from the 26th Dynasty. Depicted with

head of the sacred "Ibis" bird, inhabitant of

the Nile marshes, THOTH was inventor of writ-

ing and patron of scribes and magicians.

Hand crafted in lasting Terrastone, this stun-

ning replica has a bright Nile-blue glaze like

the original. THOTH statuette, 4" high,

mounted on a walnut base, makes an appro-

priate gift for students and professional

people. #AT-7 $7.95
Add 350 for postage and handling.

elephants—and has also revealed forn'

that are indicators of the precursors c

various classes of vertebrates and of th

evolutionary stages intermediate bi^

tween them.

Advances made in comparative ana'

omy and embryology since Darwin's da

would fill in many chapters in a liyp(

thetical new version of the Origin. Fc

instance, I have found vestiges of egj

tooth papillae—similar to those of som
reptiles—in embryos of marsupials, di

spite a hundred and twenty million yeaii

of viviparous reproduction. But refe:

ences in the Origin to the Haeckelia

theory of recapitulation (in which th

succession of embryonic stages in a df

scendant directly represents the evoh

tionary stages of its adult ancestors

must be dropped in view of the muc
more satisfactory principle of pedomoj

phosis (in which lineages evolve froij

the youthful stages of their ancestors

Other advances fill out correspondin

places in the Origin: F.C.R. Jourdain

study of mimicry in cuckoos' eggs; I

Lack's analysis of the taxonomy an

ecology of the Galapagos finches (th

birds that played such an important pai

in making an evolutionist of Darwin)
and H. W. Lissmann's demonstratio

that weak electric discharges from mui
cles in fish can serve, on the principl

of radar, to inform the animal of th'

proximity of other objects, thereby prt

viding an explanation of the initial stage

in the evolution of electric organs. Th
study of ethology at the hands of li

Lorenz and N. Tinbergen has reveale;

types of behavior that are adaptive an
can be traced through related forms

The "Origin" and New Sciences 1

To bring the Origin truly up to dat

however, new chapters would have 1

be provided discussing branches of so

ence that were not even dreamed of il

Darwin's day. Here belong serology an

immunology, which provide means ci

measuring the chemical divergence bi

tween the bloods and body fluids of dii

ferent groups of related animals. Bi^

chemistry shows that the affinities
(j

animals can be revealed by the chemic^

substances built into their systems. Chr«

mosome studies are another new field i

which the minute investigation of tran

locations has enabled T. Dobzhansky 1

unravel the genealogy of some species (

the fruit fly Drosophila.

T. H. Huxley, that rigorous puritan i

science, always maintained that the fin;

proof of the efficacy of natural selectic

as a cause of evolution and of the origi

of species (not quite synonymous

would rest on whether it resulted in tl

production of reproductively isolate

populations. K. F. Koopman has shoV

experimentally that Drosophila pseud

obscura and D. persimilis are species th

can interbreed, but that even so, matin;
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jtween flies of the same species produce

ore offspring than matings between

es of different species.

Another topic that would have to be

ivered in a new Origin relates to pop-

ation studies that may represent, as

rnst Mayr says, the most important re-

!nt revolution in biological concepts. In

le sense, Darwin himself introduced

)pulation thinking, because instead of

garding a species as a "type." he

.ressed the variability of individuals

ithin a species—"individual differences

. frequently observed in the individuals

the same species inhabiting the same

mfined locality." But he slipped back

to thinking of populations as types

hen discussing varieties and species. It

Snow necessary to realize that the prod-

it of evolution is a population with an

'lapted pattern of genetic inequality.

Sexual selection is a subject that re-

ived only brief mention in the Origin

id, as Julian Huxley showed, it is in

ed of revision because some of the

ses in which the sexes differ in struc-

re, appearance, and behavior are not

tributable to sexual selection, which

nefits the reproductive capabilities of

dividuals of one sex, but to natural se-

tion, which benefits the whole species.

The Gene Complex
'_ INALLY, to bring the Origin up to

date, a new edition would contain a

apter of agenda for the solution of

ief outstanding problems; which are

rtainly no less numerous than when
e first edition appeared. Such an

enda would necessarily include ade-

ate theories of fitness, of sex-ratio con-

>1, of variation, and of how the effect

genes is under the control of other

,nes in the gene complex. This last

oblem will probably be worked out by

microbiologists—F. Jacob and J.

onod have already found that through

emically interrelated enzymes genes

n collaborate to produce a controlling

stem that responds to changes in condi-

ns. Most important, of course, would

the recognition that evolution must be

nsidered as "dynamic" and not simply

"dynastic."

r Gavin de Beer was formerly Director

the Natural History Department of the

itish Museum and for many years he

w Lecturer in Zoology at Oxford and

ofessor of Embryology at the Univer-

y of London. He is the author of the re-

nt Charles Darwin: A Scientific Biog-

phy. and numerous other books.

Erratum: The editors of Natural
STORY regret that calomel was incor-

3tly designated as mercuric, rather

an mercurous, oxide in Paul Mason
Iden's article, "Singular Metal from

nnabar," in the June-July, 1966, issue.

I

This stunning composition is worlhy of John James Aiidiihon. Arrow points to ihe nervous hut

unafraid Water Turliey, hundreds of feet from a standard Questar. Above is image Questar

readied out and delivered to 35-mm. negative ready for enlargemeiu. Tri-X, 1/250 second.

We included the sprocket holes of this 35-mm. negative for

clarity. Beautiful 11x14 enlargements are practically grain-

less. Questar telescopes are priced from $795. They make
possible sharp wildlife photographs hke this without tents or
towers or stalking blinds. At left the versatile Standard Wide-
Angle Model. The latest Questar booklet now has 40 pages,

8 of them in color, and has a long essay on what we have
learned about telescopic photography in 10 years. One dollar

postpaid in U.S., Mexico and Canada. By air to West Indies

and Central America, $2.30. By air to Europe, N. Africa and
S. America, $2.50. By air to Australia and elsewhere, $3.50.

TAR
BOX 60 NEW HOPE, PENNSYLVANIA
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THE WORLD'
IPTURE I

lEAT
REPLICA

From the Brentano Gallery of Sculpture Masterpieces in Replica come these superb

examples of the finest sculpture man has produced. Each is a lasting work of art — captur-

ing the life and beauty of nations and cultures both ancient and modern.

A remarkable new process makes it possible to reproduce each piece in Alvastone, bring-

ing the texture, detail and spirit of original sculpture into your home.

Use the coupon below or come in and choose from Brentano's complete collection.

1016

^r Afc-ip

A1C-4TC cmS'W

t^W PL 7-8600

586 Fifth Avenue at 47th Street, New York City 10036 Dcpt. NH. 8/9

Also at 30 Rockefeller Plaza - Monmouth Shopping Center, Eatontown, N.J. - Bergen Mall Shopping

Center, Paramus. N.J. - The Mall at Short Hills, N.J. - Constitution Plaza, Hartford, Conn. - Washing-

ton, D.C. - Brentano's at the City of Paris, San Francisco, Cal.

Please send me the items circled below totaUng $. . .

.

Sculpture: 1016 LW-2 FM-33 FM-23 BA-3
ST-204

Jewelry:
ST-53N

NAME-

NY-1 SM-5 MFA-5 NH-6
AIC-lP AIC-4CL AIC-4TC

ST-53ES 1205-P

wc

CMS-IP

ST-539B

CMS-IN

ADDRESS-

CITY -STATE- .ZIP CODE-

D Check or money order
enclosed.

Charge my Brentano
account.

Add 5% sales tax for N.Y.C.
delivery. Add 25 (^ postage on
jewelry items.

D Please send your
Sculpture Catalog @ 25(!.

FM-23. THREE GRACES. Greek, 1st CenI
B.C. Original in marble at The Louvre, P;
16" X 151/2". $17.50. (Shipping - express colle.

1016. THE KISS. By Auguste Rodin. Natic
Gallery of Art. Ht.: 12'/2". Original reductioi
bronze by Rodin. $37.50. (Shipping — exp
collect.)
LW-2. WEDDING RINGS. By Peter Lipnj
Wulf (American Contemporary) . Replica in gr

bronze finish on marble base. Ht. : 7". $17
(Add $1.50 shipping, insurance.)
F!Vl-33. HEAD OF ATHLETE. Greek, 5th C
tury B.C. The Louvre, Paris. Original of bror
Ht.: 17" including base. $45.00 (Shipping —
press collect.)

BA-3. DANCER. By Edgar Degas. Original

bronze. Baltimore Museum of Art. Ht. : 19;

$75.00. (Shipping — express collect.)

WC. GRECIAN URN. Adaptation of Gt
work, 5th Century. Green bronze patina, wa'

proof. Ht.: 103/4", Diameter: 9". $25.00 (Shipj
— express collect.) ,

ST-S39B. QUEEN NOFRETETE. Egyptian, I

B.C. Original of painted limestone. Ht.: 8'

$18.75. (Add $1.50 shipping, insurance.)
ST-204. LUDWIG BEETHOVEN. By Felix N
sau (I9th Century). Bronze finish, white A
stone base. Ht.: 7". $12.50. (Add 85(? shipp!

insurance.)
NY-1. NEW YORK PUBLIC LIBRARY LIOl
Originally sculptured in 1911. Sandstone finis)

Alvastone. 634" x eVi" . $15.00 the pair. (/

$1.50 shipping, insurance.)
SM-S. LION HUNT SCARAB. Egyptian, 14

1380 B.C. Metallic compound. Length: 3'

$6.00. (Add 6()(' shipping, insurance.)
MFA-5. MERCURY. Greco-Roman. Boston t

seum. Original in green bronze. On walnut b:

Ht.: 8%". $15.00. (Add $1.50 shipping, ins

ance.

)

NH-6. YOUNG RAVEN. Tlingit Indians, Alas
American Museum. Original in green stone. I
3^/2". $5.75. (Add 60(' shipping, insurance.)

BRENTANO'S AUTHENTK
REPLICAS OF MUSEUM

IWELRY
AIC-lP. PANAMA PIN. Code culture of i

1500 A.D. Gold-washed flute player. $3.00.

AIC-4CL. OWL OF ATHENS. Symbol of Athe
cuff links are silver-plated. Art Institute of C

cago. $2.75.
AIC-4TC. OWL OF ATHENS. Tie Clip. Sib
plated. $2.75.
CMS-IP. SUN PIN. Gold-washed replica. C
fornia Museum of Science. $3.50.
CMS-IN. SUN PENDANT. Matching go
washed necklace. $3.75.
ST-53N. FROM THE CASPIAN SEA. G(
washed necklace. Replica reconstructed ft

3rd Century B.C. Parthian fragments. $8.50.

ST-53ES. CASPIAN SEA EARRINGS. G(
washed. $3.75.
120S-P CUPID AND LUTE PIN. Italian

Century. National Gallery of Art. Gold-wash
$5 00

FREE
SCULPTURE
CATALOG
With each purchase you ,,.,-.,,

^

will receive a copy of PRENTANO I

our new sculpture cata- cr-r l; rn-r wc I

log, with over 100 strik- J.^r.^sLiy'^'^^

ing photographs; inform- =1 :;=!.-

alive, annotated 1 1

descriptions of each piece. Includes a specia

section on museum jewelry in replica. For th

Catalog alone, send 25t in coin to cover mailin
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\TUREIAND THE CAMERA

Time-lapse photography
IBy William G. Smith, Jr.

'hi: objective of time-lapse motion-

l)iilure photography is to allow us to

, as they are taking place, activities

t normally occur at too slow a rate

oe readily observed. By "speeding up"

;h processes as a flower opening or

ds germinating, and then projecting

se sequences at regular motion-pic-

e speed (16 frames per second), we
': able to watch the flower actually un-

d and the seeds germinate before our

!S on the screen.

These and other effects are accom-

shed by utilizing the single-frame re-

se on a motion-picture camera to take

eries of still photographs at predeter-

ned time intervals. This allows growth

;movement of the subject to occur be-

I'e
each frame is exposed.

The time-lapse system of photography

s proved extremely valuable in sci-

f;e, industry, and entertainment. The

tanist is able to study plant behavior

der a variety of conditions and keep

;lose record of a plant's reactions to

ferent kinds of light, growth regula-

s, or gas and chemical treatments,

e mineralogist can record crystal for-

ition by taking time-lapse pictures

ough a microscope, and the micro-

)logist, using the same method, can

idy the life cycles of minute organisms,

addition, time lapse is used widely in

iking training movies, television com-

!rcials, and animated cartoons. Years

o a time-lapse system breathed life

o Mickey Mouse, and it would be safe

say that the Walt Disney empire owes

ich of its success to the technique. Of

js numerous subjects that lend them-

.Ives to time-lapse photography, how-

ler, we will limit ourselves here to the

I'Otographing of plants.

I Timing Unit

ViTHiN the context of plant photog-

raphy there are many systems

—

schanical or electronic—devised for

ntrolling the camera shutter, the inter-

[1 between exposures, the photographic

;hts, and the lights for plant growth,

they are necessary. The electronic type

system is to be recommended, since

ere will be no operational delays that

'uld be caused by the mechanical lag

an instrument utilizing gears, cams,
id switches. An ideal unit is one that re-

ats the following cycle: turns off room
;hts, turns on photographic lights,

lens the shutter for a predetermined
ne, closes it, turns off photographic
;hts, turns on room lights. A unit of

is type consists of two timers—one to

regulate the interval between exposures

in seconds, minutes, or hours, and the

other to activate the shutter, including

the duration of the exposure (usually %
to 2 seconds). The timer that activates

the shutter can also control the room
and photographic lights and can recycle

itself for continuous operation.

Lighting

IN
photographing plants and flowers,

lamps are used both to illuminate the

subject and to promote growth. For most
purposes, 3200° Kelvin lamps are used at

their rated voltage. They have an average

life of fifty hours, and with the proper

filters may be used for color film as well

as black and white. (For color work, I

use Kodachrome II daylight film with a

Harrison B5 filter; for black and white,

I use Plus X Reversal.) The use of a volt-

age control stabilizer is helpful, espe-

cially when filming in color, since any
in-line voltage—such as might occur

when a refrigerator turns on, for instance

—will affect the color temperature of

the lamps. Photoflood lamps are not

recommended because of their short life

(usually two to four hours), and while

quartz lamps may be used, they give off

a tremendous amount of heat. All photo-

graphic lamps, in fact, emit enough heat

to cause plants to wilt and die over a

long period of time ; thus, as noted ear-

lier, one of the timers should shut these

lights off, both to conserve them and to

protect the plants.

Plants always face the light; thus

lights used to promote growth should

be placed behind and above the camera
so the plant will grow toward it, and in

the case of a flower, as the bud opens it

will face the camera lens. Space should

be left around the plant to allow for

growth during the period of photograph-

ing. If a closed bud, for example, fills

the entire frame, it will obviously go

entirely out of the field when it opens.

This can be avoided by leaving room
for expansion as you look at your sub-

ject through the viewfinder.

To compute the exposure, I prefer

to use an incident meter rather than

a reflected-light meter. Experience has

proved that dark subjects, such as holly

or camellia leaves, require twice the ex-

posure that is recorded by the meter.

William G. Smith, Jr. trained as a
photographer wliile in the army. He
now heads the photography department
of the Boyce Thompson Institute for
Plant Research, Inc., in Yonkers, N.Y.

Overiseas
Nature Tours
-1966-

For six years we have been organiziug group
trips to investigate the natural history of Europe,
Africa and the rest of the world. Chief purpose
so far has been to see birds, including as many
rare and difficult species as possible. However,
a full ecological picture is sought, with attention
to botany, geology and archaeology where appro-
priate. Here is the program for 1966:

- EUROPE -
NORTH WITH SPRING ON THE CONTINENT:

Start in southern France and move north with
bird nesting and spring flowers in Switzerland,
Austria, Germany and Holland. 1966 closed; next
tour in Mav 1967. Four wt^t-ks.

BRITAIN: Nature highlights of England, Wales
and Scotland at peak of bird nesting season. 1966
closed; next tour in June 1967. Three weeks.

SCANDINAVIA: ThriUing circuit of the Far
North: Norway's mountains, fjords and islands;
North Cape and the midnight sun; Lapland and
Sweden. Two 1966 departures—June 11 and June
25. Four weeks. Also spring, 1967.

ICELAND: Arctic wildflowers, northern nesting
birds and seabird cliffs, against a weird back-
ground of volcanoes, geysers and waterfalls. Two
departures—June 11 and July 2. Optional excur-
sion to Greenland after each tour.

- AFRICA -
BIRDS OF AFRICA: Circuit of west, south and

east Africa. Emphasis on birds ( 670 species on
last tour) and spectacular mammals. Ex-Belgian
Congo, Cape of Good Hope, Kruger Park, Vic-
toria Falls; choice nature spots of the less
crowded, less promoted parts of the continent,
plus all the important animal reserves of Kenya,
Uganda and Tanzania. July 30; four weeks plus
optional extra time in East Africa.

- SOUTH AMERICA -
COLOMBIA, ECUADOR & PERU: Tropical coast,

high Andes, upper Amazon Valley, Machu Pic-
chu, and an ocean trip into the Humboldt Cur-
rent, Sept. 24; three weeks.

CHILE & ARGENTINA: The southern Andes,
Straits of Magellan, Tierra del Fuego as far as
Ushuaia, Patagonia, Bariloche and the Argentine
lake district. October 15; 3 weeks.

BRAZIL: Broad coverage of one of the great
bird countries of the world. Iguazu Falls, Mt.
Itatiaia, Organ Mtns., Rio, Mato Grosso and the
Amazon from Manaus to the sea. Nov. 5; 3 weeks.
GUIANAS & VENEZUELA: Jungle trips in Suri-

nam & British Guiana, Angel Falls in Venezuela,
coastal mtns. of Colombia. Nov. 26; 3 weeks.

-COMING LATER

-

EUROPE: "Birds of the Mediterranean": high-
lights of Southern European birdlife from Gibral-
tar to Istanbul. "Birds Behind the Curtain":
little-visited regions of Poland, Czechoslovakia,
Hungary, Bulgaria, Rumania and Russia.

SOUTH PACIFIC: Four consecutive 3-week tours
in fall of 1967: Birds of Melanesia; Western Aus-
tralia; East & South AustraUa; New Zealand.

ASIA: Four consecutive 3-week tours in spring
of 1968: India & Nepal; Southeast Asia; Philip-
pines, Hongkong & Formosa; Japan.

- NORTH AMERICA TOURS -
TEXAS-MEXICO: Bird highlights of Texas coast

and N.E. Mexico; 2 weeks, March 25, 1967.
ARIZONA: Richest part of U.S. for rare bird

species; 2 weeks. May 21, 1966; May 13, 1967.
FLORIDA: Two-week circuit of chief bird local-

ities of the state, from Tallahassee to Key West
and the Dry Torlugas. Jan. 21, 1967.

SIERRAS & COAST RANGES: North with sprmg
Ironi condor countr\' of Calif, to Vancou\er; 3
weeks. June, 1967. Similar Rockies tour in 1968.

ALASKA: Grand tour of nature spectaculars
of the state, including Arctic coast, the Aleutians
and the I'ribilofs. July 1967; 2-wk. and 4-wk.
versions.

NEWFOUNDLAND-LABRADOR: Bhd islands of
the northeast; Newfoundland and Labrador coast.
June 1968.
YUCATAN: Mexican Yucatan, British Honduras,

Peten Jungle of Guatemala. 2 wks.; March 1967.
MEXICO: Six regional two-week tours cover-

ing six different ecological areas.

Come along! . . . Intimate, private groups, expert
leadership. We seek out back-country routes, try

for an experience-in-depth of the natural scene and
the people. (Not recommended if you're strong for
night life.)

Crowder Nature Tours
Box 1760-a Washington, D.C. 20013
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SENSATIONAL OFFERS IN ONE - ONLY 10$
To Introduce You to the World's Largest
Stamp Firm and America's Favorite Hobby:
1. Genuine centennial postage stamp, as illus-

trated, picturing first U.S.A. (issued in 1847!)

2. Big collection of 25 all-different United States
- Ancient 19th century, $1.00 stamp, etc.

3. Collection prized Coinmemoratives; 1775 Revo-
lution, Wild West, 1893 Columbian, many others.

4. Collectors Guide; other unusual stamps from our
Approval Service which you may return without
purchases and may cancel service any time; PLUS
Complete New U.S. Catalog. Send only 10(1

H.E.HARRIS, DIPT. C-171, BOSTON, MASS. 02117

^/; WOLFE
Jjff" WORLDWIDE

FILMS
Dept. mo Los Angeles.

Calif. 90025

1 the malchless new Wolfe color
slide cataloE? World's most complele
library. Full scenic, landmark cover-
age, life, gaiety, people, beauties and
treasures o) 99 foreign countries and
50 stales. Professional 35mm slides
guaranteed perfect — or money back.

40 TIMBERED ACRES

$1650 TOTAL PRICE

WASH.-IDAHO-MONT.
$50 Down—$25 month, in Northern
Idaho, Northeastern Washington, and
Western Montana. In the heart of
lakes and big game country. All
covered with growing timber. Access,
Title insurance with each tract. This
is select land with natural beauty,
recreational and investment values.
Your inspection welcomed. Write us
for free list, maps and complete infor-
mation. We have tracts of many types
and sizes to choose from, incl. Water-
front property. Write to:

Reforestation, Inc.

P.O. Box 8146, Dept. GH, Spokane, Washington

4 Pitch 4
4 Camp 4
& and hit the A

4 Trail ^i^ 4
4
4
4
4
4
4
4
4

with camping and mountain-
eering equipment that meets
every test. 34 years of design,
manufacturing and importing ex-
perience. Outstanding selection
to travel light and right.

Write for new 56-page illustrated catalog. 4(Enclose 25c for handling/mailing)
"

CAMP AND TRAIL OUTFITTERS i
112UF Ctiambers St., New York,N.Y.10007 4

(PIcue Print) *

jjt
Name

"
'

j^

4 .4
A Address .

• City State Zip •*"

4444 4 44 4 4 4444 44444 4

Bud ready to open After 4 hours

while light subjects, such as yellow or

white roses, require one half the normal
exposure. Since we are dealing primarily

with time exposures, it is important that

the subject material be set up where it

will not be disturbed by air currents

from an open window, a door opening

and closing, or from people passing by.

The intervals between exposures de-

termine the amount of movement that

can be seen when the film is projected.

Should the interval be too short, there

will be too little movement on the screen ;

'

should it be too long, the movement will

be too rapid. In general, a screen time

of one minute will illustrate, at a smooth,

uniform rate of movement, a growth

process or a bud opening into a flower.

Determining the proper interval to pro-

duce this one minute of screen time re-

quires some knowledge of the response

of the plant with which you are dealing.

For example, a rose will open from a

bud to a full flower in eight hours. If

the film is going to be projected at the

standard 16 frames per second, then one

minute of screen time equals one minute

X 16 frames per second X 60 seconds

per minute, or 960 frames per minute. It

is thus necessary to expose 960 frames

over an eight-hour period. Therefore,

960-i-8 equals 120 frames every hour,

two frames every minute, or one frame

every 30 seconds. In other words, we
must expose one frame every 30 seconds

for an eight-hour period in order to re-

cord a rosebud opening to full flower.

The general formula, then, for arriving

at exposure intervals is:

desired screen

frames time (minutes)

per hour

viewing
speed

time of subject's

response (hours)

A Range of Uses

TIME-LAPSE photography may also be

used to record the growth of fruit on

trees. An interesting study can be made
by following the development of a fruit

from its inception as a flower. The setup

is necessarily more complex than is that

for photographing flowers in the studio.

Equipment is needed to protect the cam-

era from the elements; artificial li,

must be supplied when the day is o\

cast or when night filming is requir

The reader interested in this particu

application of time-lapse techniques
urged to read John Ott's book. My hi
Tower, which fully explains these a

related problems.

At one time I was required to ph(

graph mold forming on raspberries,

took three days from the time the b

ries were perfectly fresh until they wl

completely covered with the mold. 1

interval between exposures was 5 m
utes, or 12 frames per hour, 288 fran

per day. A total of 864 frames for 1

three days gave a screen time of 54 S'

onds, and illustrated the subject ful

Some plants that can be photograph
in the home are oxalis. clover, cameU
with large buds, and buds of Goldiloc

Talisman, and Souvenir roses. Most
these will respond within 8 to 16 hou

The interval between exposures shoii

vary from 12 to 20 seconds. This w
give the finished film a smooth flow

action when it is projected.

The uses of time-lapse photograp!

are myriad. A sunset, the movement
clouds, the four seasons, the raotio

made by a sleeping person may all

recorded. Machine parts can be seen

wear down, and the corrosion of mel

or the erosion of stone may be studied .

this technique. In other words, the us

of time lapse are as broad and as adaj

able as the imagination and time of tl

person behind the camera equipme^

This list details the photographer, artii

or other source of illustrations, by paj

COVER-William M.
Stephens
16-21-Richard Harrington
except map, AMNH after

Lyn Harrington
22-23-William K. Kirsher
24-top, Klaus
Immelmann; bottom,
AMNH after Donald
S. Earner
25-top, AMNH after A. J.

fiflarshall; bottom. AMNH
after Donald S. Earner
26-AMNH after A. J.

Marshall and D. L.

Serventy
27— Eric Lindgren

35-42-Eliot Porter
44-45-Williani M.
Stephens
46-47—The Air Almanac
49-AMNH
50—Abbie Rowe, Courtes
National Park Service

51-55-U. S. Geological
Survey, except diagram!
AMNH after U.S.G.S.

56-61-Carlo T. E. Gay
except drawings, Erance
Pratt; map, AMNH after

Gay
62-The Bettmann Archi
74-William G. Smith, Ji
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EEP PACE WITH SPACE AGE! SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

for FUN, STUDY or PROFIT

fiS^

FISH' WITH A WAR SURPLUS
GIANT MAGNET

ling Up Under-Water Treasures

(uiil ProHtable. loo I Simply trail this
rful 5 II). Mak'iiei uut llie sierii of

Ixiat — reiriere oiiibuard motors, dshlog
e uriL'tiors. uUier iiieial valuablas.
-I) V-TyDe Magnet lias lerriBc lifting
r L'limi Gauss raimg- lifts over 150 lbs. on lanij-
iirnler ivaier. Many Industrial uses, too; recover tooh
pans from InafL-esslhle spots, liokl work in plare. riii

ni'iir- <if Mifi;il f^;lJ:rll'llI^. pins. etc.

No. 70.571-E 5-lb. Magnet $12.50 Pstpd
No. 7n.570-E 3'/3-lb. Lifts AO lb $ 8-75 Pstpd

"rt No. 85.152-E I53^-Ib. Magnet $33.60 FOB

SPECIAL! AMERICAN MADE!

(ffliV^«««tfc^/
OPAQUE PROJECTOR

WgRS. .^^BlV Iiiseit illustrations up to 3" x U'/e" u

I^Ki^^B^jt project and enlarjje tlietii to 35" x 30"

fj^a ^®^^ if siTcen Is 6% ft. from projector.

\o film or iiegalives needed. Projects
magazine pictures, photos. lettcrini;

in full color or black-and-white. Vi^v

in darkened room for best results

|k Primarily intended for children. Op-
.'S nil ll;"i-\(i]t A.C. current. 6-ft. extension cord an-l

included. Operates on 60 watt bulb, not included. Ap-
ed bv fndcrwrilers' Laboratories. Inc. S/.c 12" x S" x
' wide. WeiKlit 1 11). 2 oz. Plastic case with built-in

Jle.

!k No. 70.199-E $7.95 Po=tna'(l

and New, Quick-Change, Industrial Surplus

NICKEL-CADMIUM BATTERY
Unparalleled Value

Por llu' first time a (5-volt. liyht-wci-ilil nickel

<;iiliiiiiJiM b;ilt(?r.v in stainless steel, strai) type-

cjisiiii;. l-ariip hour capacity. Almost unliiiiitcrl

lift- -- HiDUsands of dischargeable cycles wiili

miniitL' deterioration—charges fully in appr<i\

1 lir. with Edmunil charger kit. Just a few drops
ater per year provide full maintenance. Hundreds of

for hohhyists, amateur photographers, campers, mo I", t

ders. etc. X'nequalled for rechargeable lanterns; cydi
•ers, and boat lights; portable fluorescent an<l ultr i

't lights: electronic flash units. Battery requires luin

I of electrolyte; is sealed to prevent loss; delivers nearh
f of output at below freezing temperatures compare
n'/f by lead-acid batteries. Xo corrosive fumes undti
stage of recharge. Stud type terminals on top IVs'

1
1. marked for polarity; 6-32 thread, nuts and loi k

lers. C" X 2" x 4". Wt. approx. 2 lbs.

k No. 70.776-E $15.00 Pp-I

UUIEK KIT FOR G-VOLT BATTERY. Charg.M in

ox. 1 hr. Shuts off automatically, attaches to Stotk
70.776 battery case. Includes transformer, ballad!

ilors, charger circuit board, mounting hardware, S ft.

. plug switch, assembly instr.

k No. 70,807-E S8.00 Ppd.

C 1.2 VOLT XICKEL-CADMIUM CELL
k No. 40,798-E S3. 95 Ppd.

SCUD WOODEN PUZZLES
Different puzzles that will stimulatt

ability to think and reason. Here
. fascinating assonmetil of wood ptiz-

thai will proi^iile hours of pleasure.

he different puzzles, animals and
netric forms to take apart and reas-

i)le. give a chance for all the family. >oung or

skill, patience and. best of all. to stimulate ab;

ik and reason while having lots of fun. Order you

k No. 70.205-E $3.00 Pi

old 1

ihO I

rs now

ostpaiii

W *is*J ^ CRYSTAL GROWING KIT

[\j| \)o a Crysiallugraphy project illus-

I
S trated with large beautiful crystals

Mill gruw yourself. Kit includes tht

iSS'*lfl^H*' : book "Crystals and Crystal Growing'
wi, «»> ^ mij jj generous supply of the chemi-

l"""^-
^^^

tals yuu need tu grow lart;e displaj

crystals of potassium aluminum sui

) iclearj. putassiuiu sulfate (purple), piiiassiuiu sodium
Irate (clear), nickel sulfate hexahydrate (blue green) or

'.abydrate (green;, potassium ferrlcyanide (red), and
per acetiile (blue green).
U No. 70.336-

E

$9.50 Postpaid

fidymen, Hobbyists, Homeowners!

SENIOUS NEW VACUUM BASE

kes Tools and Appliances

table

,' move all kinds of normally bolted-

n devices from place to place. Ma-
ted tup surface of Vacuum Base
led to securely hold vices, miter
;s. drills, reflectors, gages, measur-
dcvices. food choppers and other

le appliances. Base also handily
ited for mounting camera, binocu-
or telescope to car window. Bottom plate of heavy neo-
le attaches securely (by vacuum) vertically, horizontally.
I upside down to linoleum, metal, porcelain, formica,
s. etc. I'nit resists 50 to 75-lb. force parallel to base.
-lb. force perpendicular to base. Ruggedly constructed of

aluminum. Gray baked enamel finish. Top surface
sures 2%" x 3%". Overall size 5" x 4.%" x 2" high.

k No. 60,567-E $3.00 Postpaid

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE

Photographers! Adapt your camera to this Scope for ex-
cellent Teleplinto shots and fascinating photos of moon!

Otn 180 Pnwpr— ramfiM<; Mt Palomar Type! An Unusual B
-.( tne Uiniis o( Saturn. tilt

inaiing planet Mars, liuse

(.Tf on tiie iMooii. I'lia-^es ol

us. Equatorial niuuni wv.ii

on both a.ves. Alumniize'l
oier-coated 3" diameier

1- speed f/10 mirror. Tele-

, e comes equippen with a^ j^^ jHnft
''"^ *^^ epiece and a mounted

"' '^ ^'^ I', ...... 1,^,15 Optical Finder
iipe mcludetl. Hardwood,
le tripod. FHKE with
ViiluahleSTAR CHART

plu^ ;;;: ;ia;;t' 11 .\ ,M UUinK OF HEAVENS" plii? "HOW
10 \ SV: vol \i TKLKSCOI'l':' ROOK

<=itnck No. 85.050-E S29.95 Postpaid

4l^" Reflection Telescope—up to 270 Power
Stock No. 85-105-E S79.50 F.O.B.

Superb 6" Reflector Telescope
Up to 57i; Power Eouatorial mount and Pedestal Base
Stock No. 85.086-E $199.50 F.O.B.

Mew' 7 in 1 Combination! Pocket-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

Useful Telescope and Microscope combiiici]

in one amazing, precision instrument. Im-
ported! No larger than a fountain pen.
Telescope is 10 Power. Microscope magni-
fies 50 Times. Sharp focus at any range.
Haiuty for sports, looking at small objects.

Stock No. 30.059-E $4.50 ppd

Solve Problems! Tell Fortunes! Play Gomes!

NEW WORKING MODEL
DIGITAL COMPUTER

Actual Miniature Version of
Giant Electronic Brains

I isLinaLiiib Jn.'H >ci;-iuii.uyn model ./^;

(jjiipuiLr aiiually sohes problems.
teailics Louipuier fundauiciiials. Adds,
ui.it itts multiplies, shifts, complements, carries, mem-
I i/L-i counts, compares, seiiuences. Attractively colored.

in 1 plistic parts easilv assembled. 12" x SVa" x 4^4".

nil sKp b\-stcp assembly diagrams. 32-page instruction

M)iit tnvtniig operation, computer language (binary eys-

•cirii. prr)i:r:iiriiii;Mi:. nrublcins ant! 15 experiments.

Stock No. 70.683-E $5.98 Ppd.

DETAILED PROGRAMMING BOOKLET
FOR EXPERIMENTS

Stock No. 9080-E (50 Pages) $1.00 Pptl.

SCIENCE TREASURE CHESTS
Science Tieasure Chest^exira puwcitui 111.

nets, puiarizint; Ulters. compass, one-v

mirror him. prisms, diffraction f^rating. ;

lots of other items for huiiilreds of thrill

experimenis. plus a Ten Lens Kit lor 111;

ing telescopes, microscopes, etc. Full in

lions

Stock No. 70.342-E $5.50 Pstpd.
Science Treasure Chest Deluxe—Everything in Ctiest above

plus exciting additional items for more advanced experi-

ments, inriuding crystal growing kit. electric motor, mo
lecular set. first-surface mirrors, and lots more
Stock No. /0.343-E $10.50 postpaid

24 Authentic Scale Models of

V
"TERRIBLE LIZARDS" &

"MONSTROUS MAMMALS"
•^ji^ Explore the fascinating preldstoric

world of dinosaurs 2QO.0O0.O0O years
at;o. New kit contains 12 dinosaurs and 12 mammais ac-

curately detailed in sturdy piastic. Includes Giant Bronto-
saurus, fierce Tyrannosaurus Rex, Wooly Mammoth of (he

ice age, deadly Smilo :o;i ('.Saber-Toothed Tiger"), many
others ranging in size from 2" to C". Also includes dinosaur
bone approx. 1". box of assorteil colored lichen for making
life-like trees and shrubbery, "How and Why Wonder Bonk
of Dinosaurs". Inst, for building your own dinosaur land
from readily available materials and complete description.

Stock No. 70,817-E ...$5.00 Ppd.

npcning

"Balls of Fun" for Kids . . . Traffic Stoppers for

Stores . . . Terrific for Amateur Meteorologists . . .

SURPLUS GIANT WEATHER BALLOONS
At last . . . available again In big
8*ft. diameter. Create a neighbor-
hood sensation. Great backyard fun.

Exciting beach attraction. Blow up
with vacuum cleaners or auto air hose.

Sturdy enough for play; all other uses

with reasonable care (can be punc-
tured by sharp objects). Pilled with
hcUuiii (available locally) use balloons

high in the sky to attract crowds, ad-
vertise . store sales, announce fair

etc. Amateur meteorologists use balloons to

loud heights, wind speed, temperature, pres-
lucs, humidity at various heights. Photographers can

;itilize for low-cost aerial photos. Recent Gov't, surplus
if lieavv. black, nenprene rubber.
Stock No. 60.568-E S2.00 Ppd.

SLIGHTLY HEAVIER RUBBER-LATER MANUFACTURE!
Stock No. 60.562-E—4 ft. diam. size S2.D0 Ppd.

Gomes of Logic For Thinkers!

WFF'N PROOF
Exciting as poker, complex as chess.
Gives practice in abstract thinking and
math logic. Developed by contemporary
Yale professor. If you think learning
should be fun. try WIPF'N PROOF
brain-to-brain combat I 21 games of pro-
gressive difficulty. Starts with .simple

games mastered by some G-year oKls.

ends with subtle logic to challenge pro-
fessional logicians. 8V2" x 5%" case contains logic cubes.
playing mats, timer and 221 page Inst. hook.

Stock No. 60,525-E $6.00 Ppd.

WFF'N PROOF EQUATIONS. 5 games for grades 1-12

Stock No, 60.526-E $2.50 Pp;J

Fascinoring Toy Adopfofion of Binary Digital Com.ovfc'

BEAT "DR. NIM" IN ANCIENT GAME!
Not easy. Iiut fun for all! Thrilling
for youngsters. Challenging for
adults. Teaches computer fundamen-
tals, without need for mathemalical
ability. To play, release 1 to 3 mar-
bles for roll down plastic game
board Ihrough series of flip-Hop
channels. How you SET flip-flops to

begin and |)atli of travel for ^-acb
marble, determines path of succeeding marbles. All plays
predutable. Novi DR. Nl.\l automatically plays 1. 2 or o
marbles. If you can make him take ibe last marble you win!
Game great for playroom and parties, year-round fun. Dur-
able red & white plastic II?*" x 12'^" x 1'^". 24-p.
Instruction Booklet.

Stock No. 70.8I6-E 52.98 Ppd.

WAR SURPLUS! AMERICAN-MADE
7x50 BINOCULARS

Big savings! Braiul new! Crystal clear
viewing— 7 power. Every optical element
IS coated. An excellent night glass—the
size recommended for satellite viewing.
Individual eye focus. Exit pupil 7mm.
Approx. field at 1,000 yds. is 37G ft.

Carrying case included. American 7x50's
normally cost $274.50. Our war surplus
price saves you real money.
Stock No. 1544-E only $74.80 Ppd.

7 X 35 AMERICAN MADE BINOCULARS
Stock No. 964-E $55.00 Ppd.
!) X 30 Binoculars—similar to above and a terrific bargain.
Stock No. 963-E S40.00 Ppd.

Precision Marine Time Piece

SHIP'S BELL CLOCK
Faithful Time Afloat or Ashore

Handsome metal case in either brass or
chrome. Highly corrosion resistant for use
on shipboard or home. Finely made, un-
usually high quality. 8-day clock has

to 12 dial—also marked with 24 hour system of

eeping and trailitiunal watch periods from Evening
.rsl) Watch tbrmigh Second Dog Watch. Chimes nau-
haK-hour intervals from 1 to 8 bells (can be turned
TluTitioiiicter at bottom of dial. Wt. 6 lbs.

No. 70.781-E Brass $70-00 Ppd.
No. 70.782-E Chrome S70.00 Ppd.

..iniil:

Limek
lur P
tical
ffi.

atock
stock

Order by Slock No. -Send Check or MONEY ORDER
Money-Back Guarantee

rDMUND SCIENTIFIC CO., Barrington, N. J.

I

--.

1 MAIL COUPON for FREE CATALOG "E"
!

I

I

I

1

1

I

I

I

I

I

EDMUND SCIENTIFIC CO..
Bairington, New Jersey 08007

j Completelv New 1966 Edition—
148 Pages-Nearly 4500

Bargains
Please rush Free Gianl Catalog E
Name
.\dares3

City State Zir)

!

ORDER BY STOCK NUMBER • OPEN ACCT. TO RATED f/RMS • SATISFACTION GUARANTEBD!

EDMUND SCIENTIFIC CO»# barrington, new jersey 08007
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All-time favorite

for excellent reasons

Swift's 7X,35 Triton gives you all the

power and brilliance of image you

need for nature study . . . plus a

good, wide field of view that makes it

easy to scan an area and follow small,

fast-moving wildlife. Close focusing

(infinity to 9 feet) lets you test your

skill at stalking, see nesting activ-

ities, etc. as if you were little more
than a foot away. Write for literature

or see your Swift dealer.

SWIFT INSTRUMENTS, INC.
Dept. NH-7

Boston, Mass. 02125— San Jose, Calif. 95106

LIMITED RELEASE-U.S. GOVT. SURPLUS

SNIPERSCOPE

INFRARED SET,..
for scientists, gun collectors, naturalists

Built in 1950 and 1951 by American Optical Co. In

excellent working condition. Used by our troops for

observing enemy in total darkness without being
detected. Suggested uses-, medical research, study of

nocturnal animal life, mineralogy, industrial and med-
ical research, crime detection. Rare item for gun col-

lectors. Telescope is 1634" long; clear aperture of lens
is 50.4mm. A 5"-diameter filter is attached. Knob
adjusts focus electrostatically; second knob adjusts
reticle intensity. Reticle also has vertical and hori-

zontal adjustments. Canvas carrying case and shoulder
strap included. Complete unit includes 11" x 14" x 16"

chest, telescope with RCA 6032 image tube, 20,000V
power pack with canvas carrying case and shoulder
straps, IR light source, steel carbine bracket, pistol-

grip handle with switch control. Formerly highly classi-

fied. Limited supply. Orig. Govt. cost. $800. Shipping
wt., approx. 30 lbs. Price $249.50

^ SNIPERSCOPE BATTERY
Rechargeable 6V power source
for sniperscope. Excellent for
many other 6V applications.
Approx. shipping wt., 15 lbs.

59.95. Tv^o for $18.00
Prices F.O.B. Tucson, Ariz. No C.O.D.'s, please.

C & H SALES CO.
P.O. Box 1572, Tucson, Ariz.

Suggested
Additional Reading
THE GRAND CANAL OF CHINA

Sh"oe Pu"s Diary Poem—A Record of

Drifting Across the Se.a. J. Meskill.

Association for Asian Studies. Mono-

graphs & Papers. No. XVII. University

of Arizona Press. Tucson, 1965.

Financial Administration Under the

T'ang Dynasty. D. Twichett. Univer-

sity Press, Cambridge. 1963.

The Grand Canal of China. W. R.

Carles. Journal of the North China

Branch of the Roval Asiatic Society.

Vol. 31. pages 102-11.5. 1896-7.

CONTROL SYSTEMS
IN BIRD REPRODUCTION

The Photoperiodic Control of Re-

productive Cycles in Birds. D. S.

Earner. American Scientist, March.

1964.

The Life of Birds. ,T. C. Wehy. W. B.

Saunders Co., Philadelpliia & London.

1962.

Biology and Comparative Physiology

OF Birds. Edited by A. .T. Marshall.

Academic Press, New York. 1961.

SHAKESPEARE IN THE BUSH

Return to Laughter. E. S. Bowen. Dou-

hleday & Co.. Inc.. Garden City. 1964.

The Tiv of Central Nigeria. L. and P.

Bohannan. International African In-

stitute. London. 1953.

IMPROBABLE MOLLUSK
Australian Seashores. W. ,1. Dakin.

.Angus & Robertson. Sydney. 1960.

The Open Sea: The World of Plank-
ton. A. Hardy. Houghton Mifflin. Bos-

ton. 1964.

Animals Without Backbones. R.

Buchsbaum. University of Chicago

Press, Chicago, 1948.

FLOOD HISTORY
TOLD BY TREE GROWTH

Rivers. L. B. Leopold. American Scien-

tist. December. 1962.

Botanical Evidence of Floods and
Flood-plain Deposition. R. S. Siga-

foos. U.S. Geological Survey Profes-

sional Paper 485-A. 1964.

Invasion and Escape on the Little

Calumet. Chapter by I. A. Burton in

Papers on Flood Problems, edited

by G. E. White. Llniversity of Chicago

Press, Chicago. 1961.

ROCK CARVINGS
AT CHALCACINGO

The Jaguar's Children: Pre-Classic

Central Mexico. M. D. Coe. Museum
of Primitive Art. New York, 1965.

Indian Art of Mexico and Central
America. M. Covarrubias. Alfred

Knopf, New York, 1957.

53 OROTfit$-oS!»/a

!

Imported from strange lands ol the mysterious
Far East — this valuable collection of 53 genuine
postage stamps from Borneo, Burma, Hong Kong,
Malaysia, Nepal, Siam, Sarawak, Singapore, Viet
Nam, etc. Supernatural Demon-God (half man, half

bird), ferocious wild beasts, ceremonial dancers,
weird oriental idols, many others. Guaranteed worth
over $1.50 at standard catalog prices— all for 10(1
Also, other fine stamps from our approval service,

returnable without obligation—plus FREE Illustrat-

ed Catalog. Send today!

Jamestown Stamp Co.,C 86NM,lame$town,N.Y. 14701

EASY TO DO . . .

lit! \prcUil \kiUs required.

EASY TO SELL . . .

because your creations are

di^ercnt — no two need
he alihe!

SELL jour creations for 2 to 5 times as much
J

.^s you paid for them. Make jewelrj' in your
spare time . .

.

/*i£
This FREE CATALOG contains eventhing ^ U.H[
you need . . . ALLOWS YOU to buy all the 9 '^S
parts and by adding ijotir spare time helps ^J»
you create easy saleable jewelry. { ^''/Ai
Start today . . . don't delay. Send for the ^ \/3
liobbv-craft's biggest and best catalog. Get ™ S^.-
> our FREE copy of GRIEGER'S CATALOG
now. No obligation — contains o\er 10,(100

items . . . loaded willi pictures.

SEND FOR YOUR FREE CATALOG NOW

!

. C AUFOINIA

CATCH THEM
ALIVE

AND UNHURT!
Amazing HAVA-
HART trap captures
raiding rats, rabbits,
sciuirrels, skunks, pigreons. sparrows, etc. Take
mink, coon without injury. Straying pets, poul
try released unhurt. Easy to use—open ends giv
animal confidence. No jaws or springs to break
Galvanized: many in use 20 years. Sizes for al

needs. FREE illustrated practical guide witl
trapping secrets.
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' Easy to use

!
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158-T Water Street, Ossining, New York 10562

Please send me FREE new 48-page guide and

price list.
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The Hungarian boy with a passion for science...

now makes precision tools for General Motors

Louis Simonffy lived in a world of order.

A world of laws and theorems and for-

mulas. First as a student of the gym-
nasium in Miskolc, Hungary . . . later as

a mechanical engineer at Budapest . . .

and finally as head of his own factory.

Suddenly this orderly world so full of

promise came crashing down in the in-

ferno that was World War II. Louis and

his wife, Elizabeth, joined the vast army
of displaced persons, and for six long
years they drifted through the rup-

tured cities of Europe.
After much difficulty, the Simonffys

were able to mal<e their way to the

United States, and the pieces started

to come together again. First came a

job as a drafting clerk, then a better one

as a draftsman, and finally, in 1950, a

job with General Motors. Today, Louis

Simonffy is one of the ablest and most
respected toolmakers in the Company.

For him it was a long and arduous
road from Budapest to Detroit. We, at

General Motors, are happy to welcome
such talented people aboard. GM turns
out superior products because of them.

GM
General Motors is People .making better things for you



Available light

photography
where there's no
available light

(or practically none.)

Here are four new high-speed, high-reso-

lution, automatic Nikkor lenses with which to

turn impossible lighting situations into pic-

ture opportunities. And in the most widely

used focal lengths, too: 35mm f2, 55 mm f1.2,

85mm f1.8 and 135mm f2.8.

You may have hardly enough light to see

by, but these new lenses will deliver results

with astonishing picture quality. Try them for

available light with color and for action shots.

Also try them in normal light, at normal
tures. You'll be amazed at their perforn-

under all conditions.

These new Nikkor lenses add much t

capabilities of the Nikon system. The^

designed for use with Nikon F and Nikkc

cameras. And they all couple to the N

Photomic and Nikkormat FT meter syst

You can see these lenses at your Nikon d(

Write for complete details.

NIKON INC., Garden City, N.Y. 11533. Subsidiary of Ehrenreich Photo-Optical Industries, Inc. (In Canada: Anglophoto Ltd., MontreJ
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IBM computers

help schools

discover

budding talents

NOT long ago, most high school

students took pretty much the

same routine courses.

The picture has changed. Today's

educators are making every effort

to fit the school to the needs of the

individual. IBM computers are help-

ing make that possible in a growing

number of schools.

The analysis of a child's special

aptitudes now starts at an earlier

age. There is more consultation with

parents, more guidance in selecting

subjects that will help Johnny or

Mary realize their best potential in

later years.

But this presents two problems

:

How can teachers learn enough

about each child to give him accu-

rate guidance?

Then— how can a hundred high

school classes be arranged to fit the

needs of each and every student?

Courses to fit the student

This is how a 2,200-pupil high school

in California solves the problem. An

IBM computer can swiftly analyze

each student's aptitude and achieve-

ment tests. This allows counselors

to concentrate on helping students

select the most beneficial subjects.

The computer prints out class

schedules for each student. Millions

of calculations are done by the com-

puter in a matter of hours.

IBM computers also serve educa-

tors in analyzing the factors which

are keeping students from achiev-

ing better grades.

Saves $3 million on school costs

IBM computers also help plan more

efficient schools at lower cost. At

one Midwest city, the computer was

given specifications for a proposed

junior college— the classrooms and

labs needed for its student body and

faculty. The computer then printed

out a plan for an efficient campus

that cost three million dollars less

than the original estimate.

"Meets our main objective"

A leading educator said, "IBM
computers have lifted loads of

paper work from our teaching staff,

allowing them more time to help the

individual student. But, best of all.

computers help us meet our main

objective of helping each student

find and develop his special talents"

IBM

IBM computers help counselors to find students' special aptitudes. These high school

sophomores are shown measuring the rate at which plants absorb radioactive water.



PRESIDENT

Alexander M. White

DIRECTOR

James A. Oliver

ASSISTANT DIRECTORS

Walter F. Meister, Joseph M. Chamberlain

EDITORIAL DIRECTOR, NATURAL HISTORY PRESS

James K. Page, Jr.

NATURAL HISTORY STAFF

MANAGING EDITOR

Robert E. Williamson

SENIOR EDITORS

John S. Erwin, Alfred Meyer,

William Oilman

ASSOCIATE EDITOR

Judith Ireland

COPY EDITORS

Florence Klodin. Avis Kniffin

Edward Martin, Asst.

REVIEWS

Carol Breslin

PHOTOGRAPHY
Lee Boltin

PRODUCTION

Thomas Page

Mairgreg Wolter, Asst.

CONTRIBUTIONS

Ernestine Weindorf

EDITORIAL ADVISERS

Gerard Piel Joseph M. Chamberlain

Stanley A. Freed Wesley E. Lanyon
Gordon Reekie Richard G. Van Gelder

Donn E. Rosen Richard K. Winslow

ADVERTISING

Harvey Oshinsky, Director

Joel Park, Sales, Dinah Sibley, Asst.

PROMOTION MANAGER
Anne Keating

Paula Perman, Asst.

Natural History
Incorporating Nature Magazine

THE JOURNAL OF THE AMERICAN MUSEUM OF NATURAL HISTORY

Vol. LXXV OCTOBER 1966 No. 8

ARTICLES

VANISHING AINU OF NORTH JAPAN

FLOWERING STONES

THE TIGER AND ITS PREY

DESCENDING THE ANDROS REEF

THE SEYCHELLES

TIME AND SPACE IN THE LIFE OF THE BEE

DEPARTMENTS

ABOUT THE AUTHORS

REPORT FROM AFRICA:

A PEOPLE APART

SKY REPORTER

BOOKS IN REVIEW

WASHINGTON NEWSLETTER

SUGGESTED ADDITIONAL READING

Shinichiro Takakura 16

David S. Hardy 26

George B. Schaller 30

C. Lavett Smith 38

Lynn Millar 48

Max Renner 52

Colin M. Turnbull 8

Thomas D. Nicholson 44

Elaine Evans Dee 58

Paul Mason Tilden 68

80

CIRCULATION MANAGER
Joseph Saulina

Natural History

COVER: One of only a few score pureblood Ainu surviving today, 73-year-old

Kichiro Iga lives in the village of Kawayu on the island of Hokkaido, Japan.

He is dressed in ceremonial robes and headdress. Cloth for the long-sleeved,

kimono-type gown was woven from thread made by twisting elm fibers. On pages
,

16 to 25, Professor Shin'ichiro Takakura describes the mystery of the origin

of the Ainu, a liirsute people appearing somewhat more Caucasian than Mongol.

He tells of the loss, almost entirely within the past one hundred years, of

their distinctive culture as a result of their rapid assimilation by the Japanese.
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You will receive Ihis exciting 2-record

album, with illustrated companion Folio,

when you accept this demonstration oflfer.

Through a unique new theatre club, you can enjoy thrilling

performances of the world's greatest plays in the comfort
of your own living room.D Start with Tennessee Williams'

haunting drama The Glass Menagerie for only *| (p""'°,r2'9o

)

TF YOU LOVE THE THEATRE ... if you and your family treasure the per-
L formances of truly great dramatic artists . . . you will be delighted

It this extraordinary opportunity.

The Theatre Recording Society is presenting, for the first time on
'ongplaying records, exciting all-star productions of the great master-
lieces of the theatre — newly recorded in stereo and monaural high
ildelity for your listening pleasure.

As a member, you will thrill to the performances of such artists as
lulie Harris, Richard Burton, Claire Bloom, Paul Scofield, Judith
Anderson, Laurence Olivier, Ingrid Bergman, Rex Harrison and others.

Vou will come to know at first hand the great plays of Sophocles,
: Euripides, Marlowe, Shakespeare, Moliere, Sheridan, Shaw, Chekhov,
Ibsen, O'Casey, Williams, Sartre, lonesco and other masters of the

!
irama — both classical and contemporary.

What is more, you will "go to the theatre" as often as you wish — in

he comfort of your own living room. Each production, skillfully

;
jrchestrated with incidental music and subtle background effect, con-
/eys all of the movement and color of the living stage — yet provides
1 "close-up" experience of the drama which is possible only in the home.

Special $1 Introductory Offer. To demonstrate the pleasures of mem-
bership, the Society will send you its superb production of Tennessee
iVilliams' Tlie Glass Menagerie (catalogue price: $12.90) for the
ntroductory price of only $1, plus shipping.

This two-record album — featuring Montgomery Clift, Julie Harris,

Jessica Tandy, and David Wayne — utilizes a special eight-microphone
recording technique which re-creates the drama in your living room
with new intimacy. It is a striking demonstration of the kind of enter-

tainment experience offered by the Theatre Recording Society.

If you are pleased with the introductory album, you will be offered

an outstanding new play production six times a year. Each play is

recorded on 12-inch longplaying discs, and packaged in a colorful

boxed set, much like full-length opera albums. Included in each album
is an illustrated Folio companion with fascinating details about the
play — its setting, its place in the dramatic repertoire, its influence on
contemporary society. Together with the recordings, this unique Folio
provides a total theatre experience you could enjoy nowhere else.

As a member, you take only the plays you want. You may select as few
as four 2-record albums over the next two years — from a wide variety

offered. Although these lavish play albums cost up to $12.90 in stores,

you will pay only $8.90 for each album you choose — same low price

for monaural and stereo versions.

Mail the attached card today. Send no money. To receive the Society's
new production of The Glass Menagerie for only $1 with Charier
Membership, simply mail the card. If not delighted, you may return
the album within 10 days, cancel your membership, and owe nothing.

Theatre Recording Society, 505 Eighth Avenue, New York, 10018.



ALADDIN'S TREASURES, INC. Dept. N-lOA, 648 Ninth Ave.,New York.N.Y. 10036

PRE-COLUMBIAN
WARRIOR

Here is a superb representation

of a warrior from historic an-

cient Mexico, magnificently ar-

rayed in a ceremonial Bat feath-

ered headdress with ear plugs.

Cast in tawny, earthen hued Ter-

rastone and beautifully mounted
on olive green velour in an an-

ti,qued gold frame, this sculp-

tured relief face makes a strik-

ing wall hanging and decorator's

color accent.

Measuring 6" in width, the face

comes in a 9" x 10" wooden
frame as pictured, or separately,

fitted with hook to hang directly

on wall.

Velour mounted and framed.

#AT-8A $19.50
Plus 750 for postage-handling.

Unmounted with wall hook.

#AT-8B $12.50
Plus 350 for postage-handling.

^WWW\^

HINDU DANCING GIRL
The unmistakable stamp of India's sculptural tra-

dition is seen in the figure of this classically posed
dancing girl. This reproduction of an 18th Century
Hindu Temple wood carving displays that distinc-

tive style of graceful movement that is character-

istic of India's two most famous forms of artistic

expression—sculpture and the dance. Measuring

14V4" high and 4" wide, this fine Terrastone repro-

duction is made with such fidelity to the original

that even the grain of the wood is visible. It is

a rich mahogany brown in color and makes a most
handsome wall hanging.

#AT-2 $12.50
Plus $1.25 for postage.

For illustrated catalog of art and

antiquity reproductions, send lOc.

Aladdin's Treasures, Inc., Dept. N-lOA
648 Ninth Ave., New Yorlt, N.Y. 10036
Please send me the following:

D #AT.8A, Pre-Columbian Warrior,
framed $20.25

D #AT-8B, Pre-Columbian Warrior,
unframed $12.85

J #AT-2, Hindu Dancing Girl $13.75
H #AT-7, Thoth statuette $ 8.30
D Illustrated catalog of reproductions 10

New York residents please add sales tax.

TOTAL enclosed $

Name
Address

,

City State Zip

THOTH—ancient Egyptian God of intellect—
in exact reproduction of a rare faience statu-
ette from the 26th Dynasty. Depicted with
head of the sacred "Ibis" bird, inhabitant of
the Nile marshes, THOTH was inventor of writ-

ing and patron of scribes and magicians.

Hand crafted in lasting Terrastone, this stun-
ning replica has a bright Nile-blue glaze like

the original. THOTH statuette, 4" high,
mounted on a walnut base, makes an appro-
priate gift for students and professional
people. #AT-7 $7.95
Add 350 for postage and handling.

Mr. TuTnhull

ABOU

:

Dr. Smith

Just before press time, a report f

Africa arrived, sent from Uganda

Colin M. Turnbull, Associate Cur

of African Ethnology at The Amer
Museum of Natural History. With it,

covering letter, came the suggestion

the report might be found by some t'

an unduly candid account of the ''fra

state of mind in the field." However, 1

Mr. Turnbull and the editors felt the

:

value—even ethnographic value—in <

port that explores a dynamic interac

betvfeen an anthropologist and his

this case, disturbing subject. His re\

entitled "A People Apart," docum

an instance of the clash of cultures.

Turnbull's other v^ritings include

Forest People and Wayward Servant.

For Dr. Shin'ichiro Takakura
Ainu people of Japan have been subj

of personal, as well as scholarly, inte

Although not of Ainu descent, he

born in their midst in the Tokach

gion, the southeastern plain of

kaido, which was then, in 1902, a fro i

in the sense of the American West, l!

he entered Hokkaido University's Si

of Agriculture and earned the doct(

the Nogaku Hakushi, for his disserl

on the history of Ainu policies. Dr. %
kura recently retired from the Dei

ment of Agricultural Economic

Hokkaido University. He is, howfl

continuing his research at that ui'(

sity's School of Literature.

David S. Hardy waited a long tin!

fore he could work professionally)

what had been his chief avocation, sji

lent plants, particularly those irl|

nous to South Africa: the stapiia
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Dr. Takakura Mr. Hardy Dr. Schaller

SE AUTHORS

don flowers), the aloes, and the

ps commonly known as flowering

js. On leaving high school in Cape

a, he accepted a civil service post in

;erinary research laboratory. After

years of this work, however, he

tit and was granted a transfer to the

jnal Herbarium in Pretoria, where

now a Botanical Technician in the

irtment of Agriculture Technical

ices. Much to his delight, his new

^

often takes him afield in search of

arium specimens.

pecially written for Natural His- T
, Dr. George B. Schaller's article

igers is based on material in his

.coming book. The Deer and the Ti-

A Study of Wildlife in India, to be

ished shortly by The University of

ago Press. This work on predator-

relations was supported by the Na-
il Institutes of Health through a

t made to the Johns Hopkins Uni-

ity Center for Medical Research and
ning, Baltimore and Calcutta. Dr.

dler is now a Research Associate in

institute of Animal Behavior of the

York Zoological Society and Rocke-
r University. He has recently begun
ig-term study of the lion and its prey

he Serengeti Plains in Tanzania.

R. C. Lavett Smith, who wrote the

ros Reef article, is Assistant Curator
le Department of Ichthyology at The
:rican Museum. He is also Codirec-

)f the Museum's Bahama Survey, a

;ram of concerted biological investi-

3n of the Bahama Islands. One of Dr.

ih's personal Survey projects is a

y of the ecology of fish communities.

Mrs. Millar Dr. Rcimer

Edward C. McCoy, the photographer

whose underwater shots illustrate the ar-

ticle, is an ensign in the U.S. Navy serv-

ing on board the U.S.S. Sylvania, which

is now cruising Mediterranean waters.

He is a graduate of the University of Mi-

ami and expects, after his service in the

Navy, to do photographic essay work on

the flora and fauna of the Pacific. His

photographs of the Andros Reef were

taken with a Rolleiflex twin lens camera

encased in a specially built, cast-alumi-

num housing. An attached flash arm
used standard number 25 flash bulbs.

Lynn Millar wrote and took the pho-

tographs for the article on the Seychelles

Islands. She is the wife of a U.S. Foreign

Service officer presently stationed at the

American embassy in Dar es Salaam,

Tanzania. Mrs. Millar is a Vassar gradu-

ate and a former news photographer for

the Washington Post (D.C.). In addition

to preparing photographic exhibits on

Berlin, she has published several maga-

zine articles on various aspects of life in

India and Africa.

Dr. Max Renner, author of "Time
and Space in the Life of the Bee," is a

lecturer and Senior Scientific Assistant

at the University of Munich's Zoological

Institute. His research centers on animal

orientation and sense physiology, par-

ticularly in honeybees. A former student

of Karl von Frisch, Dr. Renner's extra-

curricular interests include classic and
contemporary literature, the history of

biology, and photography. His article

was translated from the German by Dr.

Helmut Adler, Research Fellow in Ani-

mal Behavior at The American Museum.

New Minolta

Hi-matic 9
(or)

How to

become
an expert

photographer

overnight

This unique 35mm camera can

turn a beginner into an expert,

even if he never took pictures be-

fore. Just point, focus and shoot.

The Hi-matic 9 takes over, auto-

matically adjusting itself for re- .

markably true-to-life color slides !

or color or black-and-white '

snapshots. An exclusive "easy i

flash" feature even takes the con- .

fusion out of flash photography

. . . the lens automatically sets

itself for flash as you focus.

If you're already an expert, the

Hi-matic 9 can be used semi-

automatically or manually, for

special effects like silhouettes or

"stop action" shots. A brilliant

Rokkor f/l.7 lens makes every

picture razor-sharp. Under $110

(plus case). At your dealer or

write for details to Minolta

Corp., 200 Park Ave. South,

New York, New York 10003



Report; from Africa:

A PEOPLE APART
by Colin M. Turnbuii

Near Pirre, Uganda

THIS is written from inside a small,

circular mud hut. dark—despite the

brilliant sunshine outside—because the

door has to be closed to ward off un-

welcome visitors who are not deterred

even by the eight-foot stockade around

the house. There are no windows, but

some light and air come in through the

eaves, where the thatched roof clears

the wall by four or five inches. The floor

slopes at a ridiculous angle, and the

furniture, a bed and two tables made of

saplings lashed together with vine, only

seems to add to the discomfort. Outside,

however, life is even less comfortable,

for there is no shelter from the blazing

heat, any more than there is from the

freezing rain that is likely to follow in

an hour or two, blown down the valley

by gale force winds. Distances between

villages may not be enormous, but be-

cause of the rugged mountain terrain,

with ravines a thousand feet deep to be

negotiated, it may take a good eight-hour

trek to cover as little as ten miles or

less, as measured by a straight ruler on

a flat map. And even where the land is

level for a few hundred yards it is cov-

ered with sharp thorns that tear at the

arms and legs and, when broken off,

penetrate the stoutest soles. Yet. except

in moments of temporary despair, it all

seems worth while, for although it is

like taking blood from the proverbial

stone, there is much knowledge to be

had from such conditions. The field

worker unlucky or unwise enough to

have made such a choice is bound to learn

not only about the people he is studying

but also about himself.

Perhaps even more important, when
conditions are as extreme as they are

here, in the very northeasternmost cor-

ner of Uganda, they make the anthro-

pologist think very carefully about the

validity of his results. Here the human
environment is just as difficult to cope
vrith as the geographical, and if it is

hard for the field worker to accurately

and conscientiously survey mountain
farmland that frequently slopes at an

8

angle of over seventy degrees, it is even

harder for him to maintain his equilib-

rium while attempting to relate to a

people who, while not wishing him any

harm, nonetheless wish to strip him of

everything he possesses, whether they

can conceive of any use for it or not.

Nor is it easy to feel at home with a

people who regard each other in a simi-

larly covetous light, and who conse-

quently surround themselves with a bar-

rage of deception and ring their homes
with tight, virtually impenetrable stock-

ades and thorn fences, dividing brothers

from each other and parents from chil-

dren. While it is true that the anthro-

pologist is no more separated from such

people than they are from each other,

it is questionable whether he can in a

brief year or two ever truly penetrate

such formidable defenses and under-

stand just how such a society can sur-

vive. Even the hardest head, professing

the greatest scientific detachment, can

surely not fail to judge harshly when
a plump, hearty youth is seen beating

a starving, tiny, demented girl fo

the fun of stealing from her the onli

food she has seen for a day or two; O]

when an adult audience roars witl

laughter as one of their number sneak

food from the bowl of a blind elder a;

he is eating; or when parents abando:

children (or vice versa) to die, not be

cause they could not be fed, but becaus;

it would simply take too much trouble-

any amount of trouble being too mucl
The field worker may eventually lear,

to penetrate the stockades by wrigglin

through the low doorway on his store

ach or on his side, having first ar

nounced his intention so as to avoid be

ing attacked, but can he ever penetrate

mentality that looks on with mild amus(

nient as food and water that could sa\,

a life are stolen from the dying?

Anthropologists all too often claii

to have understood and explained priin

tive societies in toto, as though thei

was no more to be said on the matte
They present a clearly defined syste

that would work admirably, like a m
chanical model; but also like a mechai

ical model, it would get nowher
Perhaps we are all too much concerne

with explanation, and too little co)

cerned with understanding. A socier

like this one. however, defies any e:

planation. at least for a very long tims

none of the standard social systems,

which the theoreticians are so fond an

so proud, fit even in part; the fie.

worker is driven, rather like the peop

he is studying, simply to concentrate ()

surviving, in the hope that understan

ing will come, even if system does n(

Anthropology, the study of man,

divided into several different areas

these days of specialization. It is a stu(

of man as a biological entity, as a histoi

cal entity, and as a social entity. 0:

of the pities of such specialization

that there is an inevitable tendency

separation, as though man were capat

of being rent into discrete parts ai

still exist. Even within a division, su

as social anthropology, there are sub(



For the better part of a year and a half, Colin M. Turnbull,

Associate Curator of African Ethnology at The American Museum
of Natural History, has been studying an unusual and little-known tribe

who live on a high, rugged escarpment on the Uganda-Kenya border.

This is his report from the field.

'isions. There are those who seek to an-

wer very specific theoretical problems,

md who select a society for study be-

cause it illustrates those problems.

Dthers answer a call to solve more em-

pirical problems, such as those posed by

he rapid social changes taking place in

ormerly undeveloped areas. Others, like

nyself. prefer to undertake a more gen-

Tal quest without any specific expecta-

ion except the broadening of our knowl-

•dge of human society. We choose a

ociety to study because, in the first

ilace, it is unknown and promises fresh

lata, and perhaps also because it is

;enerally in line with our own interests,

ikes, or dislikes.

I like forests, and I am interested in

unters and gatherers, so when casting

bout for somewhere to go for further

esearch I first chose the Andaman Is-

inds, where the Onge still live (on the

jttle Andaman) in depleted numbers,

Sut still relatively untouched by civili-

iition. The study would have provided

ivaluable data for comparison with

ther hunters and gatherers in similarly

irested environments; it would have

een of particular interest to me be-

luse of my previous work among the

ygmy hunters of the Congo. But it was
ot to be; for various reasons the In-

ian government refused permission,

rid with little time left I had to make
1 alternative choice.

Just then Elizabeth Marshall, author

F The Harmless People, returned from
orthern Uganda where she had been
athering material on the Dodos, one

f the great Karimojong peoples. She
iggesled that since I was so interested

1 hunters, why not visit the Teuso. who
legedly lived high up in the mountains
aove the Uganda/Kenya escarpment,
id who had first been reported in a

jry brief note in an academic journal in

331. She painted a delightful picture of

warm and friendly people, full of fun,

'hom she had met during their occa-

|ona] visits to the administrative center

Kaabong, a tiny outpost near the

I

i^r
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sume that the Teuso were hunters until

I saw their intensive cultivation, and then

to assume that they were farmers. My
third mistake, and the greatest, was to

assume that these gentle, smiling,

friendly looking people who extended

such a warm welcome were as gentle

and as amicable as they appeared. It

took a long time—almost a year—to

convince me otherwise.

I arrived at Kaabong at a time when
drought was beginning to result in

famine. The famine struck the Turkana

in Kenya even more heavily, and they

were beginning to intensify their raids

on the Dodos in Uganda, so that for two

weeks the local administration was re-

luctant to allow me into the danger area.

During these two weeks I stayed at Kaa-

bong and met some of the Teuso who
filtered down through the mountains in

that the tribal name is Ik. Their Ian-'

guage is utterly unknown to any of the

neighboring tribes, with whom they,

communicate only in Karimojong. It was

unlike any African language known to

me, and did not seem to conform to the

Sudanic classification it had tentatively

been accorded. Perhaps it was the some-j

what Bushmanoid appearance of thai

people that tempted me to see a possible

linguistic connection in that direction

but from the outset it was quite plair

that the Ik were a people apart from all

others in the region, linguistically, physi

cally, and culturally.

As soon as permission came through

I spent a month visiting all the differ

ent villages, traveling by jeep as far a;

practicable, then simply walking oi

climbing. The effects of the drought hac

been disastrous. The fields, which hac

;^

They "surround themselves with

and ring their homes with tight,

and thorn fences . . .
."

search of food. Two Teuso boys had,

during a previous famine, decided to go

to the mission school, where they were

well fed, as well as well taught. They

spoke their own language and Karimo-

jong, which is the lingua franca in this

area, and they also knew some English

and Swahili. From them, I was able to

work up a fairly respectable vocabulary

and determine the basic grammatical

pattern. I found it relatively easy on pa-

per, but enormously difficult in practice,

for the sounds were utterly unlike any-

thing I had ever attempted to make, or

had even heard, in a linguistic context.

In the course of learning to splutter ap-

propriately, I learned that "Teuso" is

only a name applied by the Dodos, and

a barrage of deception

virtually impenetrable stockades

i

been planted with such evident care ai

labor, had received just enough rain

the beginning of the season to bring o

the young shoots. Then the sun had con

to stay in the cloudless sky, burnii

everything. It burned the crops of ti

Ik; it also burned the grass that t

Dodos needed for their cattle, and

dried up the few water sources that b(

needed to survive. The outlook was bi

and I was impressed by the cheerfulne

with which the Ik accepted the almt

certain disaster. Even after the grai

that should have been reserved for nc

year's sowing had been consumed a I

when there was no longer any chance I

rain coming in time to yield a harve,

the Ik, for a reason I could not then \

lO
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rhrow Your Money Away.
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ing the record you want by the artist you want. But
hey can also be the second way you throw away
noney.

Why? Because of the very nature of some rec-
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if records to buy during a period of time. With each
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|,
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Citadel Has Jet-Speed Service.

Citadel has faster service than any other rec-
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those you've chosen. And you get to hear them almost
immediately.

Once your records come, they'll be factory fresh

and free from defects or damage of any sort. That
we guarantee. But if by any chance a defective rec-

ord does get through our inspection, we'll immedi-
ately replace it free of charge.

Citadel Offers Life Membership.
That's what we mean by being straightforward.

There's no red tape. We like giving you the best deal

possible in the nicest possible way. And that's to give

you all the benefits of our record club for life. Rec-
ords, discounts, super-speedy service for the rest of
your life... all for $5.00. (Add $1.00 for tape.)

And the very minute you become a life member
in the Citadel Record Club, we'll send you a free

Schwann Record Catalog, listing over 30,000 record-

ings by artist, label and title. If you collect tapes, we'll

also send you a free Harrison catalog listing all avail-

able tapes.
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throwing away any more money on records.

CITADEL RECORD CLUB, 545 Fifth
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Please enroll me as a lifetime member of the
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derstand, remained optimistic. All, that

is, except a few old people who were

barely strong enough to crawl from their

huts to talk. They simply said that they

would die, since there was nobody to

bring them food, and they were too weak
to liunt or gather the wild vegetables

that were still about. When I asked if

they did not have children to help them,

they just laughed—a laugh I quite mis-

understood. It was a hollow, hopeless sort

of sound that I have heard all too often

since, and those who have made it have,

as they predicted, mostly died. They did

indeed have children, who remained ob-

stinately optimistic and singularly well

fed while the skin hung off their parents

in long, wrinkled folds, leaving bones to

stick out as though in angry protest.

The optimism of the youths, whose
plumpness was perhaps comparative but

who nonetheless could at least walk up-

right instead of having to drag them-

selves along the ground, lay in their

knowledge that the drought, two thou-

sand feet down below the escarpment,

was even more disastrous for the Tur-

kana. The Turkana. like all Karimojong,
live by cattle. They drink the blood and
milk of the cows and occasionally eat the

flesh of their goats and sheep. The
drought became so severe that raids on
the Dodos were no longer sufficient rem-

edy, for there simply was no food or

water for the vast herds they possessed.

Their only recourse, as the Ik well knew,
was to climb up the escarpment, invade

Uganda, and graze their cattle there.

By then I had decided to make my
headquarters near the frontier police

post of Pirre, on the side of Mount
Morungole, overlooking the Kidepo Na-
tional Park, There was a cluster of seven

Ik villages there, and I had already

seen a good deal of the remaining six

villages to the east, along the top of the

escarpment itself. It was, of course, into

Kidepo that the greatest Turkana inva-

sion came, with many thousands of cat-

tle. They drove the Dodos from Pirre;

this tiny police post, housed in about a

dozen huts, was completely incapable of

doing anything against such numbers.

The track to Kaabong was barely pass-

able even by jeep, the radio equipment
broke down, and the local administra-

tion was in a quandary as to what to do,

short of calling in the army and creating

an international incident.

So the Turkana took possession of

Pirre, and I confess that I found them

a welcome change, wild and aggressive

though they were. They said they had

no wish to fight, but only wanted to

graze their cattle. They promised they

would do no harm if left alone, and

although they have probably one of the

most unsavory reputations in the whole

of Africa, I never doubted their word

for an instant, nor did they go back on

it even under provocation.
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The Ik now displayed their talent for

iurvival. They busied themselves mak-

ng spears for the Turkana, who had re-

cently been persuaded to surrender

heirs as a peace gesture toward the

[)odos. For this service they bled the Tur-

cana much as the Turkana bleed their

;attle, but with rather less consideration.

The Ik began to grow fat again. They

hen persuaded the Turkana that the

Dodos were a menace and began insti-

gating raids between the two, acting

irst as spies for one side, then for the

)ther, drawing pay in the edible form of

cattle from both sides. Ik villages that

lad never possessed a single goat be-

;an to build bomas and to fill them with

iterally hundreds of cattle. They ate

hese as rapidly as possible, for they

;new very well that any attempt to keep

hem would only result in their being

tolen back. The youths continued to put

i)n weight, but the old people remained

is thin and emaciated as ever.

The Turkana were eventually forced

>ut by the army, which left the Ik with

inly the Dodos to prey on, and the Dodos

hemselves were near starvation. The
lid people among the Ik began to die,

md children, and even some of the

'ouths. The selfishness shown over food

MS terrible to see, but seemed almost ex-

usable under the circumstances. I my-

elf was driven into hiding every time I

vanted to eat, although I had barely

.nough for myself, since fresh supplies

vere unobtainable and I had given what

could to the old. Yet I was wary of

:ven biting into a dry biscuit in case

iomeone should hear the crunching and

;ome and demand a share. When people

new anyone was eating, myself included,

hey came and sat around in a silent,

lungry circle, knowing that nothing

vould be left for them, but hoping. I

TOuld have excused them anything dur-

ng those days, just as I hoped they

vould excuse me.

rHE new year came, and with it the

first rains in over twelve months.

Vork in the fields was slow to begin

nth, for few people had the strength.

Jut the rains brought up edible grasses,

n\d berries and fruits appeared, and

;radually the danger of full-scale starva-

ion receded. Now the crops are well on

he way to bringing in a fine harvest, and
he wild foods grow in abundance all

round. What has not grown, however,

s any evidence that the Ik—even in such

elatively good times—have any consider-

tion for one another. Food is still the

lominant thought; food getting the dom-
nant activity. And, still, it is each indi-

idual for himself. At dawn, children

ock out in a large, single, unruly band
nd scavenge the surrounding country-

ide for anything that might have come
p during the night. The three- to seven-

r eight-year olds are too young to risk
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Pleast anroll me in the ACCUMEN LifeTime Shaver
j

Plan, subject to the stated guarantee. I will also I
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|
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|

* Hairclipper Attachment ->J4.95.
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To get this ACCUMEN LifeTime Shaver
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ACCUMEN and at least one attachment
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beautiful rechargeable flashlight.
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going any great distance, where they

would stand a better chance. Their older

brothers and sisters, having beaten the

younger ones to get what they had not

yet eaten, go farther out on hunting

parties of their own. If caught by their

parents, they, in turn, will be beaten and

robbed. The adults steal from each other

and angrily denounce each other, kin-

ship affording not the slightest bond of

mutual respect. A mother will leave her

children, even one barely weaned, in care

of a father while she goes off to gather

for herself, sometimes staying away for

a week. Meanwhile the father will go off

and leave the children in care of grand-

parents too old to fend for themselves. To
get water, for instance, may well involve

a walk of three miles and a descent (and

climb, in the reverse direction) of a

thousand almost sheer feet. When some-

one dies, there is no wailing or mourn-

ing, merely a great deal of grumbling by

the next of kin because of the obligation

it places on them to provide ritual puri-

fication involving a feast for relatives.

I saw one father hurriedly bury his

ten-year-old son by the door of his hut,

so as to avoid the expense. The night be-

fore, he had beaten his wife to stop her

crying when the child died, for by so do-

ing she announced the fact he wished to

conceal. All day he sat on a rock and

grumbled at his son for dying, at his wife

for crying, and at his relatives for de-

manding a proper burial, including the

appropriate feast, to which they would

have to be invited. It is, perhaps, at least

comforting that the mother cried, but it

is the only time I have heard it.

The old people tell stories of better

times when, not so long ago, Kidepo Park

was theirs to hunt in as they pleased;

when the boundaries of the three coun-

tries were not subject to armed patrols;

and when they could roam at will in

search of food and game, instead of be-

ing restricted and compressed as they

are now. They wonder why the animals

in the Park are protected and allowed

to live and flourish while they must die.

They wonder why their children have

abandoned them, for they remember how
brothers would all join together, in the

old days, to look after their parents. But

even the old people, now, have only one

concept of good. It is nothing that can

be applied to an action, or to a relation-

ship between one human and another; it

is only a condition, clearly defined as

"having a full stomach." This is the basis

of their life, of their law, of their moral-

ity. It is a goal that justifies any action

except killing, for the Ik never kill.

Their legend of origin tells how God
gave spears to the Karimojong, together

with cattle, so that they have wealth but

also the means to bring death. God gave

the Ik the digging stick, and told them

not to kill. They don't, they just let each

other die. Meanwhile they live a life de-

void of affection. A woman's attitude t|

childbirth is that it is a nuisance, anothe.|

mouth to feed for two or three years,

mother may be amused by her babj^

but that is about as close as she seemtl

to get to affection for it. When it is sicB

or hungry it is simply slapped an|

cursed as an annoyance. The most equd

ble kind of interpersonal relationshij

regardless of kinship, is that of mutu;
economic reliance, but this is temporar
at best and inevitably ends in cheatin

and mutual recrimination.

THE tightly stockaded internal div

sions, which turn every village inl

a series of independent fortresses—eac

occupied by a nuclear family, each wit

its own single, sometimes booby-trappe

private entrance—is sufficient evident

of the state of degeneration into whic
this society has been thrown by events

cannot understand. Youths have no coi

cept of what their grandparents are tall

ing about when the old folk grumb
about the young deserting the old. Or
wanting some food I was about to gii

to an old, old woman, said "Why give

to her? She is going to die anyway
When I said it might make her a litt

happier meanwhile, he became angry
the waste, for such he considered it.

The economic noose that has be(

drawn around its neck may be enouj

to explain the condition into which
society has fallen, although even of th

I am not yet convinced. It is difficult

understand how, even under such c:

cumstances, a human society can exi

and survive as successfully as this oi

does, devoid of nearly all those qualiti

that we consider raise us above the le

of animals. And however well one m
be able to explain the society as it fur^
tions at present, is that explanation val

without any understanding of the peoj
themselves? For even simply as peop
I still cannot understand the Ik. I cann
bring myself to accept that a lovele

society can exist, and constantly lo

for something I must have missed, fe<

ing all the while that it is not there. T
Ik are not a people one can dislike,

much as one dislikes almost everythi

they do, feeling that even animals won
behave with more consideration for ea

other. One cannot dislike them becaa
they themselves are without the abil

to like or dislike, except with regard

the fullness of their bellies: in persoi

relationships there is a total hiatus.

At the moment it is impossible for ;

not to be largely subjective. There

always the hope that once I am out

the field, back in familiar and comfc

able surroundings, with the leisure a

strength to go over every detail in seai

of the truth, a different truth

emerge. Yet with all this in mind I f(

that the truth has already been foui

It makes me both angry and sad.
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practically none.

Here are four new high-speed, high-reso-

lution, automatic Nikkor lenses with which to

turn impossible lighting situations into pic-

ture opportunities. And in the most widely

used focal lengths, too: 35mm f2, 55 mm f1.2,

85mm f1.8 and 135mm f2.8.

You may have hardly enough light to see

by, but these new lenses will deliver results

with astonishing picture quality. Try them for

available light with color and for action shots.

Also try them in normal light, at normal aper-

tures. You'll be amazed at their performance

under all conditions.

These new Nikkor lenses add much to the

capabilities of the Nikon system. They are

designed for use with Nikon F and Nikkormat

cameras. And they all couple to the Nikon

Photomic and Nikkormat FT meter systems.

You can see these lenses at your Nikon dealer.

Write for complete details.

NIKON INC., Garden City, N.Y. 11533. Subsidiary of Ehrenreich Photo-Optical Industries, Inc. (In Canada: Anglophoto Ltd., Montreal, P.Q.)
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Vanishing Ainu

Old Ainu ivoman with tattooed lips is

one of the few who can still speak the

ancient tongue. She lives on Hokkaido.

How the primitive

culture of a people

who may be of

Caucasian origin

has succumbed in

fewer than 200 years

by SHIN'ICHIRO TAKAKURA

An anthropological tragedy of

. World War II was the destruc-

tion of the last chance to study at

firsthand the primitive culture of the

Ainu people before it totally disap-i

peared. The remaining Ainu live

on Hokkaido, northernmost island of

the Japanese archipelago. Perhaps

about a hundred ''pure" Ainu are

left, but only in the sense that each'

retains pure Ainu blood. Culturally,

every Ainu of today is "diluted."

As a race that had its own Ian-

Ainu dressed in hunter's costume stands before ceremonial

peeled poles (inau), which are topped with bears' skulls.
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of North Japan
^«p,»yi»«-«^

guage, religion, method of house

building, and other cultural traits

and institutions, the Ainu are a thing

I
of the past. There are what people

Icall "Ainu villages," but this is just a

I
name. Any distinctively traditional

way of life is preserved only as a

; tourist attraction. Today, the Ainu

! live as the Japanese live—except that

many are poorer than ordinary Japa-

nese workers and farmers.

Assimilation and acculturation has

tbeen a long and gradual process, go-

ing back 500 to 600 years. But it was
not until after the turn of the nine-

teenth century that a decisive change

came in the life of Hokkaido. Indeed,

in the northeastern part of the island,

the Ainu were not assimilated until a

few decades ago.

In the sixteenth century the Ainu
were distributed more broadly than

on Hokkaido alone—throughout all

the Kurile Islands, the southern part

of Sakhalin, and the northern edge of

Honshu, the largest of the Japanese

Young Ainu wears a full beard as sign

of manhood. He is 24 years old and
works as both a sculptor and a dancer.

Mayami Kameda is an attractive Ainu girl with the look

of Asia Minor. She designs textiles in village of Akan.

Contrast in features of old Ainu, Kichiro Iga, and grand-

children shows how traits of pure Ainu are disappearing.
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The islands of northeastern Asia ivere

once widely peopled by the Ainu, ivho

now survive only in part of Hokkaido.

islands. Even then there were only

about 40,000 of them. Epidemics

from the end of the eighteenth cen-

tury until the early part of the nine-

teenth century reduced the popula-

tion even further. Today, most Ainu

people are so mixed with the Japa-

nese race that it is virtually impossi-

ble to find statistics for the existing

Ainu population, remnants of which

still live along the Pacific coast of

Hokkaido.

Hokkaido is an island of approxi-

mately 34,000 square miles,

nearly a fourth of the total area of

Japan today. Over 70 per cent of

Hokkaido is mountain and forest

land, but there is proportionately

more plains land that can be culti-

vated than in Japan in general. The

latitude is about the same as the

northern half of Italy (41° to 45°),

but cold currents in the surrounding

seas produce a climate similar to that

of northeastern New England or the

Maritime Provinces of Canada. Win-

ters are long and severe; then sum-

mer brings mean maximum tempera-

tures of about 80° F.

Because of these cold currents, sea

mammals may be seen on the coast-

lines (sea otter, northern fur seal),

and there are many varieties of fish

in the sea and rivers. On land, there

used to be many bear, deer, foxes,

and a variety of birds. Their number

is considerably lower today as the re-

sult of farm settlement—much as in

the American West. Before the Japa-

nese began to open the forest, culti-

vate the land, and exploit the re-

sources, all of which started on a

large scale in the 1860's, Hokkaido

was mostly covered by forests of

birch, poplar, oak, ebn, fir, spruce,

and pine; there were bushes, shrubs,

and an undergrowth of bamboo and

other wild grasses.

The inhabitants of this wilderness

used the word Ainu when referring to

themselves. It meant simply "man."

Until the middle of the nineteenth

century, the Japanese called them

Yezo, which originally meant "alien

people who live in the north.

'

In physique, language, customs,

manners, and religion, the Ainu dif-

fered sharply from the Japanese and
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Other Mongolian people. Physically

they were different from other Mon-

gol types in having long heads with

broad, flat faces. Eyebrows were high

over round, sunken eyes that lacked

the typical oblique corners. Their

skin was comparatively white, the

color of their eyes usually brown

(but sometimes blue). These physi-

cal characteristics persist in the di-

luted Ainu today. Some anthropolo-

gists believe that the origin of the

Ainu was Caucasia, from which they

traveled across Siberia, eventually

reaching Hokkaido. Probably the

Ainu retained the characteristics of

prehistoric people of an age before

the human race diversified into Mon-

goloid and Caucasoid, if such a diver-

sification actually occurred.

The Ainu language—as studied

and preserved by scholars—borrowed

many expressions from neighboring

peoples, but it still had distinct char-

acteristics of its own. The language

has now been almost completely re-

placed by Japanese. Although still re-

membered by a few old people of the

Ainu, it is not used in ordinary con-

versation, but only in prayers and

folk songs.

Until the Japanese introduced cul-

tivation to Hokkaido, the Ainu knew

nothing of agriculture. In the warm
seasons they fished, in the autumn

they gathered nuts and the roots of

wild grass, and in the winter they

hunted. There was no need for agri-

culture as long as they could get

enough food without it. But the mil

gration of Japanese into Hokkaido ii

the 1860's narrowed the room fo

wildlife and polluted the streams, si

the population had to turn to cultiva

tion for a food supply. Until tha

time, the Japanese had not encoui

aged agriculture in Hokkaido, be

cause they profited from trading as

ricultural products, such as grain

and tobacco, for furs from the Aim
The Ainu necessarily worked ti

gether as a tight community, an

goods were distributed according

the needs of the communal societ

Small as this society was, howeve

there were class structures, which i

eluded poor and wealthy classes an

a limited system of slavery. Tl

slaves were captives of the wars b

tween villages or those who could n

maintain themselves in the comm
nity—widov»'s, orphans, the mental

retarded, or those who could not p;

a "fine" for breaking communi

rules. The division of labor was ve

strict. The men hunted and were i

sponsible for ceremonial activitie

the women did the housekeeping.

Each village was led by a ch:

who handled all administrati

matters, including war, and was

charge of various ceremonies.

Much tribal administration w
based on tradition, and anyone v;

lating the set rules was tried by a sj

cial discussion system that the Aii

called charanke, which means



' home, a storehouse on stilts, and
ther buildings ivere recently erected

7 show traditional living conditions.

lodern village of Nibutani, ivith the

.rgest Ainu population on Hokkaido,

"Mrs little resemblance to the past.

I'gue." When a violation occurred,

thing happened unless there was a

.mplaint. Ordinarily, someone who
ffered damages or felt aggrieved

3uld demand that the accused be

mished or that the devil that made
e man do wrong be driven away.

16 two persons (in some cases

oups) concerned would discuss the

atter between themselves. If they

ached a decision satisfactory to

th sides—one party to sacrifice

mething he possessed, or become a

ive to the other, or the two to beat

eh other with clubs, or whatever

e might be agreed—this decision

is carried out and it was all right

th the other villagers. But if the

o could not reach a mutually ac-

ptable decision, then a third party

tervened—an elder man of the vil-

lage—and the disputants argued be-

fore him. If no satisfactory solution

resulted, the two disputants would
beat each other with clubs and that

ended the affair. The clubs, called

shut, were two to three feet long and
looked like modern baseball bats.

The beatings were not perfunctory,

but full of force. However, they were

not a test of strength; rather, they

were meant to drive away the devils

and were ceremonial in nature, prob-

ably originating in Ainu religion.

After the 1860's, the Japanese gov-

ernment took administrative and ju-

dicial power over Ainu villages into

its own hands. This process, together

with the advance of capitalism and

the deterioration of the old ecology,

deprived Ainu villages of the unique

nature of their community life and

destroyed the integrity of their social

life. As a result, an Ainu village be-

came just a hamlet where the inhabi-

tants were Ainu, not a community
where Ainu lived as they used to live.

A distinctive feature of the Ainu
culture was house construc-

tion. There were slight regional dif-

ferences in structure and materials,

but the basic techniques were the

same for all Ainu. The houses were
one-room structures and always

faced a fixed direction—usually the

east or, if not, the direction from
which a river flowed. Facing up-

stream meant toward the mountains,
where the gods were supposed to live.

There seem to be two intermixed reli-

gious ideas : one, gods come from the

east; another, gods come from the
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mountains. But about this we have no

definite information.

The building was a long, rectangu-

lar single room. The main windows

opened only on one of the narrower

ends—the front—and their purpose

was to permit gods to enter the house.

The entrance for the occupants was

on the opposite side, and next to it

were the cooking implements. There

was no window on the long right

wall, but a small window on the left

admitted lisht. Straw mats spread

over hay covered the floor. The un-

thatched ceiling was of attractive

shingle construction. On festive occa-

sions, the walls and floors were deco-

rated with mats of patterned designs.

Over a large fireplace in the room's

center hung pots and pans and a shelf

for drying clothes, food, and other

things that needed drying. Smoke es-

caped from triangular windows on

the edge of the roof. The fire always

burned, for this was the seat of the

fire goddess, who protected life.

i

Eldest son of the oivner prays for lack

on site of new Ainu house. The stick

in tripod marks location for fireplace.

I

i

The left corner farthest from tl

entrance was the most holy ; here tl

god who was the husband of the fi:

goddess was enshrined as the prote

tor or guard of the house. A piece

shaved wood that symbolized the g(

was hung on the wall. Festival orn

ments and treasures, such as la

quered woods, swords, and necklac

that were obtained in trade with tlj

Japanese, were also hung or set

this corner of the house.

When a family entertained, tl!

host and hostess sat beside the fii

the rest of the family sat a little fa

ther away toward the entrance to t

house, and guests were placed opp

site the host and hostess. This seatii

order was strictly observed.

Storage buildings near the hou

entrance were oriented in the sar

Ceiling and roof frame are first part of house to be built. While still on ground, the roof frame is covered with

With community helping, roof is lifted atop the wall posts. House is completed. Sacred ivindoio is at right, ivith cov'
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iirection as the house. The latrine

tvas separately built on the opposite

side of a hedge.

The head of the family chose the

liomesite. He stuck a stick into the

proposed location and prayed. If he

did not have a bad dream afterward,

he constructed his house on that spot,

'helped by the whole village, and a

fete was held when it was completed.

In ancient times only the chief's

house was big, well furnished, and set

apart from the others.

' The house was constructed liter-

'ally from the top down. First, two tri-

pods were erected by tying wooden

poles with rope made of vines or

bark. Then the beams of the ceiling

frame were fastened together in a

rectangle on the ground. The tripods

were put upon the ceiling beams, a

ridgepole placed atop the tripods,

and all



I
Applique design, done by hand on ivoman's cotton coat, is

an example of Ainu decoration. This pattern is called Moreu.

Scabbard of carved wood is typical of Ainu craftsmanship.

Beneath long sword on right is carved ivooden tobacco box.

women wore special decorative kimo-

nos, over which they put foreign

clothes, such as the long Japanese

coat called uchikake. The men wore
crowns sculptured of wood and deco-

rated with straw, and long swords

strapped across the right shoulder to

the left waist. The women put on

more decorative headbands and

necklaces, and both men and women
wore large metal earrings.

When traveling, the Ainu man car-

ried a Y-shaped walking stick. He
wrapped his food in a mat, suspended

on his back by a rope around his

forehead. The mat was useful when
he slept, and the walking stick could

be used as a spear. A quiver hold-

ing wolfsbane-coated arrows and a

machete-like knife hung at the waist.

The Ainu were good hunters and
skillful trappers who knew the

animals' trails. One type of trap was
constructed in the following manner

:

A trigger string was concealed under

grass and stretched across a trail. A
bow Avith fully drawn arrow was fas-

tened alongside the path, and the trig-

ger string was connected to it with

ropes and sticks. The arrow was
aimed at the point where an animal's

heart was likely to be when its fore-

paw touched the trigger string. An-
other type of trap used a heavy
wooden block.

Except for the Ainu in Sakhalin,

who utilized dog-drawn sleds, the

Ainu had no means of land transpor-

tation other than walking. In deep

snow they used snowshoes called

teshma. On the river they took to

wooden dugouts. When sailing on the

ocean they used the same kind of ca-

noe, attaching a side board and rais-

ing a mat for a sail. At night they

landed on the beach and made a shel-

ter ^vith the mat. The next day they

resumed their travels.

The religion of the Ainu was ani-

mistic, and they believed gods existed

everywhere. They always worshiped

before embarking on any activity, as

well as at times of disease and ca-

lamity. Pleasant gods were solemnly

welcomed with ceremonies and pray-

ers and sent back to heaven. Unpleas-

ant gods were "kicked back to hell"

with curses and threats. In both

cases, dolls made of wood were con-

sidered to operate as intermediators

betAveen men and gods. The ikupasui,

a small stick that was one of the uten-

sils accompanying the sake bowl, was
believed by early students of the

Ainu to be purely utilitarian—a tool

from the sake cup. Later, investiga-

tors discovered that, on the contrary,

the ikupasui was one of the Ainu
symbols of a bird; it took sake offer-

ings to the gods.

The Ainu believed that the gods, in

their country on the tops of high

mountains or in the east, lived the

same kinds of lives as human beings,

On the shore of Akan Lake, Ainu girl

learns to execute design like those tra-

ditionally used on women's headbands.

using 'human foods and offerings.

When gods visited the Ainu world,

they impersonated animals. For ex-

ample, the hunting god came as a
bear bringing meat and fur to the hu-

man world. It could be caught only

by a young man whom it had chosen

to visit. Therefore, the Ainu had a

festival when they caught a bear, and
offered many prayers that he would
visit again. They would then kill the
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bear for its meat and fur and send its

soul (that is, the god that brought the

meat and fur by impersonating a

bear) back to the country whence it

had come.

When a bear cub or other animal

cub was caught, it was kept in a

wooden cage specially built for the

purpose until matured, because the

Ainu believed it could not go back

alone when so young. The cage was
kept in a fenced-in area outside the

god window of the house of the fa-

vored youth who caught the cub.

In the autumn, when the cub was
about two years old, a festival was

held. A special sake was prepared,

and messengers were sent to invite

the young man's relatives and neigh-

bors. The guests, clad in their best

clothes, gathered at the host's house

and made rice dumplings and inau.

Inau were sticks of various sizes,

small enough to be easily held in one

hand, that were decorated with shav-

ings and shreds made by peeling the

stick with a knife. Like ikupasui,

inau symbolized birds. (In Ainu reli-

gion, birds were intermediaries be-

tween men and gods.) In prayer, an

Ainu told his wish to the inau, who
conveyed the message to the gods.

Offerings for the gods were also put

before the inau.

The host, acting as master of cere-

monies, approached the bear cage

and declared that a farewell cere-

mony was about to begin. He then

designated another young man to

draw the bear out of the cage with a

rope and to bring it before the inau

hedge—a fence made of the whittled

and shaved wooden sticks. Men drew

carved ceremonial arrows that were

variations of inau, blunted at the

ends to prevent their penetrating the

bear's skin. The host shot the bear in

the heart with a regular, sharp arrow.

Then the animal's neck was placed

under a log, which the people jumped

on to strangle the bear—even if it had

been killed by the arrow. At the same

time, they shot blunt arrows heaven-

ward to insure the safe return of the

bear's soul to the god country.

The dead body was offered to the

inau hedge and later skinned, except

for the head, which was placed in the

seat of honor beside the fire. Then a

drinking party began. Many sake

bowls accompanied by ikupasui

would be handed among the men,

who drank freely after they had of-

fered a drop for the god. The climax

of the fete was reached when the

women began to sing and drum on

the tops of sake vessels and men and

women began dancing together. At

midnight, the skin was peeled from

the bear's head, and the skull was

placed on a stick decorated with

wood shavings, and offered on the

hedge, where it remained indefi-

nitely. The more bear skulls they

could exhibit, the more prosperous

and happy the family was.

Shamanism—communication with

the gods through mediums—was also

part of the Ainu religion. While
Ainu women could not pray or cele-

brate the gods directly, the gods
could possess them. Thus, Ainu sha-

mans were women who, when pos-

sessed, reached a psychological state

called imu. When in such a state, the

shaman babbled, was convulsed, and
otherwise acted erratically, uttering

what the Ainu believed to be mes-

sages from the gods.

The Ainu had an oral literature in

the form of long poems called

yukara. (There were no Ainu letters,

and we have no written record.) The
poems were recited or, rather, sung

to individual melodies by a story-

teller of the village. The storyteller

(or yukara singer, we might say)

was, in most cases, an old man or

woman. But the storyteller had no

monopoly; everybody in the village

learned how to recite yukara. Some
were better than others in recitation

and memory, and one of the ablest

was selected as the official storyteller

of the village. He recited the poems
during the evenings of ceremonial

days, or, if asked by the villagers, on

ordinary evenings.

At one time yukara were epics be-

lieved to be the voice of the gods de-

scribing their ceremonies. In Ainu
language, yukara originally meant

"to imitate" or "to mimic." They
were always told in the first person

and always ended "So said the god."

This indicates yukara may have be-

gun as the ceremonial songs or pray-

ers of the shamans.

Later, yukara became poetry that,

characteristically, told of the acts and

loves of a young hero called Poiya-

wumpe, a god's son brought up by

human cousins. Just, generous, and

brave, he fought for, and finally won,

a beautiful girl he had rescued from

a disaster, from a "bad guy," or from

a devil. These stories, too long to be

told in one night, were comparable to

the Homeric epic.

Yukara were passed from genera-

tion to generation. Just before they

vanished from the Ainu culture, the

few now known to us were discovered

and collected by Dr. Kyosuke Kin-

daichi, former professor at the Uni-
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verslty of Tokyo, Faculty of Letters,

who translated them into Japanese.

In addition to the yukara, the Ainu

had lullabies, love songs, rounds, and

simple dances. Among them, the

"Dance of Cranes," which imitates

the movements of the birds, was par-

ticularly popular. The Ainu possessed

no musical instruments, but they beat

time with their hands for their songs

and dances.

Death was a terrifying thought for

these people, who believed it to be a

punishment of the gods. Epidemics

of measles, smallpox, syphilis, and

tuberculosis, all brought by the Japa-

nese, killed many Ainu, who believed

that the illnesses were spread by a

devil. To counter the epidemics, the

people set up inau on the border of

the villages or coasts and spread

filthy things over them so the devil

could not approach habitations. Dev-

ils were supposed to dislike excre-

ment or decaying vegetables, fish, or

animals. (Sometimes a child was

named "Feces" or "Dung" so the

devils would not take him.

)

Methods of treating diseasewere

primitive. Those who were ill

were beaten with wormwood sticks

or forced to creep through fire.

Sometimes their faces were smeared

with kettle soot, after which they

were driven into the woods.

If the victims died, much concern

was shown. Relatives and neighbors

offered farewell prayers. The bodies

were dressed in specially prepared

clothes, covered with mats, and bur-

ied in a shallow grave over which

graveposts were erected. These posts

varied according to the sex of the de-

ceased and the region from which he

or she came. For example, in the Hi-

daka area, which supported the dens-

est Ainu population, men had spade-

shaped graveposts; those for women
were needle-shaped, with holes.

After they buried the dead, the

mourners hurried back home and

never again visited the grave. The

house of the deceased was burned to

prevent the return of the devil of

death. (In later years, lacking con-

struction materials, the mourners

merely changed the position of furni-

ture, and the living members of the

family changed clothes so the devil

could not recognize them.)

Accidental death was so hated that

when it occurred all the neighbors

sathered, threatened the devil with

Bears, considered to he messengers

between gods and people in old Ainu

swords and screams, and beat the sur-

viving members of the family.

After the Meiji restoration

(1868), which followed the opening

of Japan to Western influences, the

Ainu were integrated with Japanese

immigrants in Hokkaido and re-

ceived the same education as the

Japanese. Today, therefore, almost

no Ainu can speak his ancient lan-

guage, which is now preserved only

in the names of some cities and vil-

lages in Hokkaido. Tattooing is pro-

hibited, and the Ainu's daily life is no

different from that of the Japanese.

Ainu villages have disappeared, and

their religion is lost.

The opportunity to study the old

way of life is largely gone. There was

in World War II an intensified Japa-

nese ideology that all people in the
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religion, are still cherished as pet

This scene is in the village of Akai

country were the Emperor's subject

so that the study of the Ainu as a rat

distinct from the Japanese w;

frowned upon by the governmen
Also, during, and immediately afte

the war researchers could not pd

much attention to investigation of tf

Ainu, because of the mobilization (

all human and natural resources fc

the war and because of the confuse

and unstable social circumstance

thereafter. Since 1941 we have had
time of great social change for tl

Japanese in general, and the pace (

social and cultural chansre amono; tl

Ainu has also quickened.
,

It is regrettahle, from an ethn

logical point of view, that the Air

people are vanishing, but accultur

tion has helped to solve some of the

problems as a minority group.

Grave poles are an Ainu tradition
|

use today. Pole at left marks i:i

of a woman; the one above, a nm



In olden days bears tvere killed in ceremonies, and their

"souls" were sent back to the gods from ivhich they were

believed to have come. Skulls ivere kept on top of poles,

such as these at the reconstruction of an Ainu settlement.



Floiiuering Stones
Why these South

African plants are so
well camouflaged

remains a mystery.
Propagating them
is novu a popular

gardening challenge

by David S. Hardy

I he early Hottentot peoples re-

ferred to the vast stretch of coun-

try that lies northeast of Cape Town
as Karroo, a word that means "bar-

ren" or "bald." Great numbers of

strange, succulent plants are present

throughout the Karroo area—tall,

white-stemmed aloes: fascinating,

flesh-colored carrion flowers; and,

strangest of all, the peculiar group of

plants known as flowering stones.

These are endemic to South and

South-West Africa and are members
of the family Mesembryanthemaceae.

In his monumental book Travels

in the Interior of Southern Africa,

published in London 1822-24, the

British explorer William John Bur-

chell made the following observa-

tion: "On picking up from the stony

ground, what was supposed a curi-

ously shaped pebble, it proved to be

a plant, and an additional new species

to the numerous tribe of Mesemhry-

anthernum; but in color and appear-

ance bore the closest resemblance to

the stones, between which it was

growing." This discovery took place

in the Prieska district of the Karroo

in September, 1811, but because

Burchell's original drawing was lost

or destroyed, it was not until 1918

that Dr. I. B. Pole-Evans of Pretoria

rediscovered the plant in the same
area. Dr. N. E. Brown, an English

botanist, named the plant Lithops

turbiniformis, the word Lithops be-

ing derived from the Greek lithos, a

"stone," and ops, which means
"face." Although the wandering

Bushmen featured a number of ani-

mals and plants in their rock paint-

ings, no attempt seems to have been

made to depict Lithops. The Hotten-

tots now call the plants Skaap klout-

jies ("sheep's hoofs").

Of the many kinds of flowering

stones, the eighty species of the genus

Lithops are the best-known. Each

plant consists of two somewhat con-

tiguous leaves on a short stem, the

cross section of which is circular.

These two leaves form an inverted

cone, its base exposed to the atmos-

phere and its apex embedded in the

soil. Cells containing chlorophyll line

the inner surface of a tissue that

forms the outer layer of this buried,

inverted cone. Green plants depend

on light to manufacture food, and

Lithops has evolved in an interesting

way to overcome its structural pecu-

liarities. All the light reaching the

chlorophyll cells must pass through

the window-like tops, which lie level

Avith the surface of the soil. In some
species the top is completely trans-

parent; in others there are a number
of windows—small transparent areas

with opaque tissue between them. Vi-

sualize a cup filled with translucent

tissue fused to the cup—this is the

pattern of Lithops.

The plants have to withstand

tremendous changes in temperature.

Professor Kurt Dinter, an early

German botanist, measured the tem-

peratures to which a Lithops in

South-West Africa was subjected. In

summer he found the air temperature

to be 133 degrees Fahrenheit; when

the plants are dormant in winter, the
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Many species of floivering stones, such

as Lithops nieyeri (left), can barely

be distinguished from rocks and ores.

While these plants rarely flower

prolifically, the blossoms of flowering

stones are often highly scented and,

when fully opened, are visible from a

long way off. Cross-pollination of

Lithops is accomplished, for the most
part, by honeybees, small hover flies,

and some night-flying insects. De-

spite the close relationship of some
species the plants do not easily hy-

bridize, even in cultivation.

The most widely distributed spe-

cies is Lithops lesliei. It has a north-
south range of about four hundred
miles. Studies indicate that this yel-

low-flowered species has migrated to

the north. This comparatively wide
distribution contrasts with the re-

stricted areas of most of the other

eighty Lithops species.

L. turbinijonn.is, the plant first de-

scribed by Burchell, appears to be
confined to the Prieska district,

where it is still found in large num-
bers: the flat-topped, pebble-like

bodies blending completely into the

background of broken sandstone.

This species has bright, canary-yel-

low flowers.

L. terricolor seems to be the only

member of the genus known to grow
as far south as the southern border

of the Karroo. This plant is found in

temperature may sink as low as 14

degrees Fahrenheit.

One of the most peculiar features

of flowering stones is the structure

of their seed capsules. These capsules

may be the most intricate and most

highly organized in the vegetable

kingdom. They consist of a number
of chambers, each of which is usu-

ally covered by a "lid." When the

seeds are ripe, the mechanism of the

lid becomes sensitive to moisture.

When wet by a shower of rain, the lid

opens slowly, allowing seeds to escape

or be washed out. As soon as the cap-

sule dries, the lid closes. The seeds of

many species are viable for long pe-

riods; some Lithops, for example,

have been known to germinate after

being kept for fourteen years. During

the dry season most stone plants go

completely dormant, and some are

able to do without rain for more than

a year. Lithops ruschiorum, for ex-

ample, grows along the coast of the

Namib Desert in South-West Africa

where the rainfall rarely exceeds half

an inch a year. These plants appear

to lose a minimum of moisture—

a

large plant weighing 11.5 grams
when fully exposed to the sun was
found to lose only 0.2 grams in 15

days. Apparently they are able to sur-

vive on moisture extracted from
heavy sea mists that rise from the

Atlantic Ocean during the night.

Vast shaded area lying northeast of
Cape Town—knoivn as the Karroo-
is tvhere many floivering stones grow.
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Three stages in the growth of Lithops aucampiae are shown
above. Sometimes there is an interval of two to three years

betiveen germination and flowering. Photograph at right

shows two hybrid plants, L. karasmontana, in full flower.

fairly large numbers in and around

the Beaufort West district; the gray

plant bodies, as a rule, are covered

with small, irregularly spaced black

dots. In one form, however, the dots

are dark red in color. The flowers of

this species are bright yellow.

Dinteranthus pole-evansii, named
after Professor Dinter and Dr. Pole-

Evans, grows in the same region as

L. turbiniformis, but its round, white,

pebble-like bodies are confined to

white quartzite formations. Its flow-

ers, however, are yellow and highly

scented. The main differences be-

tween the two genera, Lithops and

Dinteranthus, are the structure of the

seed capsules and, in some cases, the

shape of the plant body itself.

Although stone plants are known
to grow in both summer and winter

rainfall regions, they seem, for some
unknown reason, to favor the latter.

The winter rainfall area known as

Naraaqualand is particularly rich in

these plants. Another genus, Cono-

phytum, is concentrated in this re-

gion, and the plants are generally

confined to rocky outcrops or scanty

soil deposits. Most of the required

moisture comes from heavy mists or

from dew that condenses on the

rocks. A notable exception, Conophy-

tum pillansii, is found in deep soils

surrounded by white quartzite in the

Van Rhynsdorp district. Still another

genus, Argyroderma (meaning "sil-

ver skin") , is confined to this area

and is found nowhere else in South

Africa. Flower coloration varies

from deep golden to light plum, de-

pending on the species. The various

species of Dinteranthus never occur

very far from the banks of the Or-

ange River and are always found

growing in white quartzite.

' hile this limited occurrence is

characteristic of stone plants, so also

is the manner in which they blend

into their surroundings when not in

flower. Members of the genus Gib-

baeum (meaning "hump") are con-

fined to certain districts in the Kar-

roo. These plants grow in large

clumps that are difficult to find in the

dry season, their shriveled, silvery

bodies blending perfectly with the

white quartzite background. Another

case of camouflage is Pleiospilos bo-

liisii, known to the children of the

Aberdeen district as the "liver

plant." It has the appearance of dried

liver, and can hardly be distin-

guished from the chunks of iron ore

on the surface of the soil in which it

is found.

The adaptive camouflage exhibited

by most flowering stones is, in fact,

their most remarkable and puzzling

aspect. It is thought by some to be a

protective device against browsing

animals, but as the antelopes that are

known to eat the plants rely on their

sense of smell, rather than sight, this

hypothesis is condemned by many.

There is a theory that plants grow-

ing in quartz may need to reflect light

in order to prevent them from ab-

sorbing too much of it, and thus they

simulate the light-reflecting surface

of the surrounding rocks. But while

this may explain the color of these

plants, it still does not account for

their shape.

We have yet to discover why other

flowering stones "imitate" the brown

color of broken slate and sandstone,

or why still another has white, warty

excrescences on its leaves that are in-

distinguishable from the weathered

limestone in which it grows. These

questions, and others relating to the

adaptability of the flowering stones,

still remain to be explained.

Flouirering Stone Culture

Growing flowering stones and related succulents has

become a popular challenge to the indoor gardener. Many
varieties of plants are available at florists and nurseries,

and even the seeds can be purchased from dealers special-

izing in rare and unusual plants by those who wish to grow
their own Lithops from scratch. The basic requirements are

a finely sifted growing medium of one-half soil and one-half

sand; as much sunlight and fresh air as possible; and a

low temperature at night (but not below 50°F.).

Success for the amateur in growing flowering stones

depends on great restraint in watering. Practically no

water is required during their dormant period, even though

the skin of the plant may look withered. The soil should be

allowed to dry out between waterings, no water should

touch the exposed part of the plants, and the soil should

never remain saturated. For maximum drainage, grow the

plants in small pots set in larger ones filled with fine gravel.

Water is then applied to the gravel in the larger pot.
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The
Tiger
and
Its

Prey

George B. Schaller

This scene is typical of the study area

in the reserve. Here can he found hill

forest and open grasslands, permitting

observation of all the species of deer.

Modern man tends to look at

wolves, lions, tigers, and
other large predators with a deep-

seated antipathy and intolerance. In

part, this may be the result of de-

scriptions such as the following one

by Theodore Roosevelt of a puma
cornered by hunters : "the big horse-

killing cat. the destroyer of deer, the

lord of stealthy murder, facing his

doom with a heart both craven and
cruel." In this one sentence he not

only denounced the supposed charac-

ter of predators and emphasized the

fact that they occasionally cause eco-

nomic losses by killing livestock, but

he also intimated that they are detri-

mental to deer and other wildlife

populations in which man has a

vested interest.

Although it can logically be as-

sumed that the large predators exert

an influence on prey populations,

studies to determine the extent of that

influence have rarely been made. Do
they kill animals of all ages indis-

criminately? What percentage of the

prey population do they remove each

year? How often do they kill, and
what is the size of their daily food in-

e influence of tiger predation on the

nous populations of prey—both wild
d domestic—in Kanha National Park,
iia, is estimated in this article.

take? These and many other ques-

tions must be answered before the ef-

fects of predation can be assessed.

During 1964 I studied the tiger

and its prey in Kanha National Park,

a small nature reserve in the high-

lands of central India. In the past few

years the increase in the number of

tigers in the park, coupled with a de-

crease in the number of deer, led

some of the forest rangers there to the

conclusion that the cats were respon-

sible, and a reduction in their num-
ber was contemplated. One of my
tasks was to find out if a predator

control program was justified.

My study area was a broad valley

in the center of the park—some
twenty square miles of forest broken

by meadows of varying sizes and sur-

rounded by a low range of hills on

three sides. The forest in the hills was
stunted, and the trees were mostly de-

ciduous, dropping their leaves dur-

ing the hot months of the year. In the

lowlands, on the other hand, the for-

ests consisted primarily of tall sal

trees, whose larger, ovate leaves pro-

vided shade at all times. Working
conditions in the valley were in many
ways ideal. In contrast to most other

Indian forests, disturbance by man
and livestock was relatively slight.

Wildlife was abundant, and much of

it was concentrated there, particu-

larly during the hot season from

March to June when the available wa-

ter consisted of a few pools and tem-

peratures in the shade were 110°F.

The tigers in Kanha Park had their

choice of a wide variety of wild prey

animals. The most abundant of these

was the chital, or axis deer, a lovely

animal about the size of a white-

tailed deer, with a spotted coat. Some
six hundred chital resided in the

study area, preferring the edge of the

forest, where at dusk and dawn they

appeared in herds numbering any-

where from four or five to more than

one hundred.

A second species of deer was the

stately barasingha, a close relative of

the European red deer. In 1964 only

about eighty barasingha still sur-

vived in the park. Their large size, so-

ciable habits, and predilection for

grasslands on which to court, feed,

and rest make them such an easy tar-

get for the poacher's gun that the

species has almost been exterminated

in India.

The largest, as well as the most elu-

sive, deer was the sambar. Although

some fifty to sixty of these wapiti-

sized animals resided in the area, I

did not see them often, because the

small herds—rarely comprising more
than four individuals—retreated into

dense forest during the day.

The gaur, a form of wild cattle,

were represented by about 125 to 150
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Black facial markings of tigers are so

highly distinctive that it is possible

to differentiate between the individual

animals on this characteristic alone.

animals. These impressive bovids—

the bulls reach a shoulder height of

6 feet and a weight of 2,000 pounds

—are, like the sambar, primarily noc-

turnal. Herds, numbering five to

twenty individuals each, commonly
graze on the meadows until dawn and
then withdraw into the bamboo thick-

ets on the slopes of the hills. Wild

prey of minor importance include

langur monkeys, the small barking

deer, pigs, porcupines, and a few

other species.

The most abundant hoofed animals

in India, and also the tigers' most im-

portant source of food throughout

the country, are the domestic cattle

and buffalo, millions of which roam

the forests unattended. Fortunately,

only about sixty of them were in my
study area, in contrast to the edge of

the park, where over 2,500 grazed.

The easiest means of determining

which of these potential prey animals

the tiger eats, and the extent to which

it does so, is to examine its feces, or

droppings. In eating an animal the

tiger devours the skin and hair, bone

splinters, and sometimes hoofs and
teeth, all of which can be used to

identify the victim. I collected and ex-

amined 335 droppings {table 1, page

53 ) . In over half of them the remains

of chital deer were found, followed

The long-antlered, delicately spotted

chital, or axis deer, were the most

by sambar, barasingha, gaur, and
domestic livestock, in that order.

These animals formed the great bulk

of the tiger's diet.

The late Paul Errington general-

ized that "the large-sized wild ungu-

lates [hoofed animals] suffer from
subhuman predation chiefly when im-

mature, aged, crippled, starved, sick,

or isolated from their fellows." Stud-

ies on wolves in North America have

tended to support this contention.

Adolph Murie, for example, found

that the wolves of Mount McKinley
National Park, Alaska, killed mainly
the young, old, and diseased Dall

sheep, leaving the most vigorous

adults to propagate ; L. Mech came to

a similar conclusion after observing

the interactions between wolves and

moose on Isle Royale, in Lake Super-

ior, Michigan. Wolves hunt largely

by running down their prey, whereas

the tiger stalks its victim, before at-

tacking with a final short rush.

I
depended a good deal on teeth to

determine the ages of the animals

killed by tigers. Premolar and molar

teeth erupt in a definite sequence

when the animals are young, and

wear down over the years. A relative

age can be assigned to animals killed

by predators on the basis of tooth

eruption and wear. I established nine

age classes, ranging from class I,

young less than one year old whose

second and third molar teeth had not

yet erupted, to class IX, old animals

with the cheek teeth worn close to, or

abundant of all the animals on which

the tigers of Kanha Park could prey.
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TABLE 1

REQUENCY OF OCCURRENCE OF FOOD
TEMS IN 335 TIGER FECES COLLECTED IN

HE STUDY AREA, KANHA PARK, IN CAL-

.NDAR YEAR 1964.

'cod Itera Frequency of occurrence



In study area, there were few domestic buffalo, although in of food. A stalk on one of these animals begins, above, and
the country at large they are tigers' most important source a female with her nearly full-groivn cubs closes in, below.
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tons are far more conspicuous, and

thus easier to find, than those of deer.

Undoubtedly the large size and for-

midable horns of the gaur deter the

cats except under the most favorable

circumstances. (For example, I once

watched a tigress stalk a bull gaur,

but suddenly she changed her mind

and walked away; on another occa-

sion a bull threatened a tigress with

his horns before retreating from her

slowly without being molested.)

The various sources of informa-

tion thus led to the conclusion

that although tigers culled the less fit

animals—mostly the young ones, but

also the older ones, except the gaur—

from the populations, many in the

prime of life were also taken. Some
of the latter were females that had

lost their agility in late pregnancy,

but others had no obvious handicap.

None appeared to have been weak-

ened by disease or starvation.

For a meaningful study, it was also

necessary to compute the total

amount of wildlife killed by preda-

tors during the year. To do this, the

size of the prey population, the yearly

death rate, and the approximate

weight of the animals taken must be

known. The mortality rate of the

young has been mentioned earlier,

but not that of the adults. As a general

rule, in a stable population the num-
ber of deaths among adults roughly

equals the number of young animals

entering the population as one-year-

olds. The adult sambar had an an-

nual death rate of about 13 per cent,

and their numbers seemed stable. The
chital and gaur increased slightly

and had an estimated mortality rate

of 20 and 5 per cent, respectively.

The barasingha decreased by 33 per

cent because too few fawns survived

to offset the loss of adults to tigers.

These mortality figures can be con-

verted into the actual number of ani-

mals killed and also into their total

weight (table 3, page 33) . The table

includes nineteen domestic cattle and

buffalo, which the tigers are known
to have eaten in the study area. Thus
the predators, including tigers, an
occasional leopard, and some poach-

ers, removed an estimated 50,625

pounds of animals from the study

area during 1964. Such food items as

monkeys and pigs provided an ad-

ditional few hundred pounds at most.

Now, the most accurate means of

determining the amount of food re-

•^*IH» IftfAW^-:

Large and heavy gaur are form of and size— bulls may weigh a ton-
wild cattle. Their formidable horns can often deter tigers from attack.

Sambar, largest Indian deer species,

is favored tiger prey throughout

quired by tigers during a year would

be to follow them for days and weeks.

This is hardly feasible, for tigers usu-

ally hunt alone at night and are very

shy, keeping mostly to dense thickets

and ravines. Their nightly meander-

ings in search of a victim may take

them for 15 or more miles within an

area of at least 25 square miles. One

night a tigress with four cubs killed a

chital buck. The family caught noth-

ing further the following night, but

on the third night the tigress attacked

a buffalo that had strayed from a vil-

lage. She and her cubs consumed this

animal in two nights. They had killed

twice in four days. But I was rarely

able to make such observations, and

had to rely on indirect means to de-

rive a food consumption figure.

It is clear that a tiger can eat a

prodigious amount during the course

of a night, as the weights of freshly

that country. Primarily nocturnal,

it stays in dense forest in daytime.

killed animals before and after a meal
showed. For example, in one night

two tigresses devoured 89 pounds of

meat—about 44V2 pounds each—
from a cow. In a similar situation, a

tigress with four small cubs ate 85
pounds from a gaur. Although an

adult tiger, weighing 250 to 400
pounds, can consume 40 to 60 pounds
of meat at a time, this gives little indi-

cation of the cat's need on a long-term

basis. The tiger is adapted to a feast

or famine regime—several days some-

times pass without it being able to se-

cure food. Although the animal has a

seemingly unbeatable array of weap-

ons with which to capture its prey-
acute senses, tremendous strength,

and formidable claws and teeth—the

wild hoofed animals also have their

defenses, particularly a good sense of

smell and great speed. As a result, the

tiger must work hard for its meals,
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An adult tiger that weighs from 250

to 400 pounds can eat 40 to 60 pounds
of meat at one meal. Often it has had
to roam for miles before finding prey.

roaming many miles nightly and

making numerous unsuccessful at-

tempts before finally surprising a

potential meal.

A typical hunt went as follows: at

dusk (5 :57 p.m. ) , a male tiger strode

out of the forest and angled over a

stretch of meadow into a tree-fringed

ravine. A langur monkey barked in

alarm on seeing him. The tiger ad-

vanced about 300 feet up the ravine,

entered a patch of forest, and moved

to the edge of a piece of grassland on

which about 60 chital and barasingha

grazed. From 6:12 to 6:20 p.m. he

stalked up a shallow ravine that

wound partly across the meadow, at-

tempting to get close to the deer. Sud-

denly a chital barked and so did a

barasingha ; both had sensed the hid-

den tiger. Another barasingha barked

back hoarsely, and the whole herd

fled. They stopped abruptly, then

stood and watched the cat as it

emerged from the ravine 150 feet

away, secure from attack at that dis-

tance. The tiger emitted several muf-

fled roars, as the cats often do after

an unsuccessful stalk, and departed.

Tigers in zoos are kept in good

condition on about 8 to 12

pounds of meat per day. In the wild,

where they are more active, 12 to 15

pounds of meat per day are probably

sufficient. At this rate of consump-

tion a tiger needs 4,380 to 5,475

pounds of meat per year. However,

parts of each animal are inedible,

mainly the stomach contents and

most of the bones. These comprise

about 30 per cent of the total weight

of a deer or other large prey. If the

tiger consumes some 70 per cent of

the total weight of its victim, it must

kill about 6,257 to 7,821 pounds of

prey per year to sustain itself. This

amount represents a minimum and

presumes that the tiger devours all

edible parts of the carcass. Unless

disturbed by man, this is usually the

case, for the tiger camps, so to speak,

by the remains—for days if necessary

—until the last rotten scrap of meat

has been eaten.

The patterns of black stripes on the

faces of the cats, particularly those

directly above each eye, are so dis-

tinctive that it was possible for me to

recognize every tiger in the study

area individually. A male tiger and a

tigress resided there permanently.

Two other tigresses used the area

sporadically, as did at least seven

transients—wandering adult tigers

that stayed a few days to a few weeks

and then disappeared. The amount of

prey killed by these nine transient

animals was probably equal to that

taken by 2 to 21A resident adults.

There were also five cubs, four be-

longing to one tigress and one to an-

other, each of which probably needed

about half as much meat as an adult.

Thus the area supported the equiva-

lent of 6^ to 7 adult tigers, which

required a total of 40,670 to 54,747

pounds of prey during the year. The

food requirement of these tigers was

roughly similar to the 50,625 pounds

computed as the total mortality of

the main prey species. Illegal killing

of wildlife by the local peoples also

accounted for a few pounds.

What, then, was the actual effect of

the predation on the wildlife popula-

tions? All evidence indicates that the

tiger was the main factor limiting the

growth of the deer and gaur popula-

tions during 1964, and that my small

study area contained almost as many
tigers as the prey could support. But

in spite of the heavy predator pres-

sure, all species except the bara-

singha remained stable or increased

slightly in number. If extensive hunt-

ing by man had been added to the

existing natural predation that year,

the prey would have been unable to

maintain its numbers. Judging by the

frequency with which I found old

snares and other signs of poaching,

the villagers did a great deal of hunt-

ing in the park in 1963 and earlier.

This poaching, plus the killing by ti-

gers, was undoubtedly the cause for

the general decline of the deer. Inter-

estingly, gaur are not regularly

poached, primarily because of their

resemblance to sacred cows, and they

have been increasing steadily in re-

cent years in spite of the numerous

tigers in the vicinity.

The tigers in the area subsisted

for the most part on wildlife, al-

though they also took some 6,800

pounds of livestock. In other parts of

the park, where deer were scarce, the

cats fed almost wholly on cattle and

buffalo. Without the easily available

livestock as prey, the one tigress with

four cubs in the study area might not

have been able to secure enough food

during the 1^^ to 2 years that it takes

to raise a young from birth until it is

large enough to hunt consistently on

its own. Tigresses are rarely accom-

panied by more than two cubs. The

others apparently die from starvation

and possibly disease or other causes.

Thus the livestock is an important

buffer that maintains the tigers at an

artificially high level—a level the
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wildlife alone could not support. The
sudden removal of all livestock would

for a time raise the predator pressure

on the wildlife, possibly preventing

its increase. It might also cause a

movement of tigers out of the area.

Another important concept needs

consideration. Errington stated that

"regardless of the countless individ-

uals or the large percentage of popu-

lations that may annually be killed

by predators, predation looks ineffec-

tive as a limiting factor to the extent

that intraspecific self-limiting mech-

anisms basically determine popula-

tion levels maintained by the prey."

That is, populations of hoofed ani-

mals will tend to increase in size in

spile of predation, if they are large

and healthy, until their ultimate level

is determined by such factors as dis-

ease and availability of food. Indi-

viduals that fail to die from one cause

will merely succumb to another.

The tiger population may also be

self-limiting. Intolerance between ti-

gers ttiat meet on the trail or share a

kill, as they occasionally do, possibly

spaces out individuals regardless of

the abundance of prey. When, for in-

stance, almost all wildlife at Kanha
was concentrated into a few square

miles near the waterholes during the

hot season, the number of tigers in

the area did not increase. It is likely,

too, that when a predator population

passes its optimum level, reproduc-

tion declines or stops, as may have

been the case with the wolves on Isle

Royale. Females may abandon their

young, and they may have smaller lit-

ters than usual, as has been reported

in the lion. These are all means of

population control.

The interrelationship between a
predator and its prey is exceedingly

complex, and a hriei study can do
little more than hint at answers.

Wildlife populations are never static.

Not only are there natural dynamic
changes in the populations, but such
factors as poaching by man and graz-

ing by livestock contribute to the in-

stability. Conditions in Kanha Park
may well have changed drastically

since 1964, and my conclusions from
there may not be applicable to other

areas. But studies such as these re-

fute the popular formula of predation

that can be written somewhat face-

tiously as Tiger + Deer = Tiger.

This oversimplification can be re-

placed with the concept that the large

predators in themselves rarely, if

ever, have a long-lasting, serious ef-

fect on a healthy prey population.

A tiger must kill up to 7,800 pounds of prey every year, at

a minimum, in order to sustain itself. However, the current

study indicates that, even so, these large predators do not
have any long-lasting effect on a healthy prey population.
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The profusion of life and color oni an iin.<ler"*vatei:" cliff

toy C. LAVEXT SIVIIXH Photograptos toy EDWARn C. McCOY

Alelong the eastern margin of Andros Island in

the Bahamas, a flourishing coral barrier reef

crowns the summit of one of the most spectacular

escarpments on this planet. Here the Great Ba-

hama Bank meets the open waters of the trench

called the Tongue of the Ocean in a sheer vertical

wall that plunges downward more than 4,000 feet

to the bottom. Many mysteries of the coral reef

remain unsolved, and the vertical wall, itself the

product of past coral growth, remains virtually

unexplored.

The remarkable photographs on the following

pages record some of the forms of life that exist on

the Andros Barrier Reef and particularly on the

Andros underwater cliff. They were taken by Ed-

ward C. McCoy, an ensign in the U.S. Navy and a

Scuba diver, at depths as great as 240 feet.

While Mr. McCoy is an underwater photogra-

pher of rare talent, he is not the first to have been

fascinated by coral reefs. The almost incredible

profusion of attached and free-living organisms,

the bizarre shapes and sometimes brilliant colors

of the reef dwellers, as well as their complicated

interrelationships, have long captivated the imagi-

nation of all naturalists. Coral reefs are among the

most complex and least understood of all organ-

ism communities. Controversy still rages over the

details of their formation and over such funda-

mental problems as the mode of nutrition of the

coral polyps themselves.

In general, reef-building corals are limited to

the warmer parts of the oceans, and flourishing

reefs can exist only where the surface temperature

never falls below 70 degrees Fahrenheit. Corals

can tolerate neither fresh water nor excessive silt,

and many species grow best where there is consid-

erable wave action. The bodies of most reef-

buUding corals contain single-celled plants, and in

the presence of light, these plant cells manufacture

food substances utilized by the corals that sheher

them. For this reason, corals are most prolific

where there is intense light, and since they must

be attached to the bottom they can flourish only in

seas that are warm and shallow.

The configuration of the coral reefs of the

northern Bahamas depends closely on that of the

marine limestone rocks that underlie the islands.

The Bahamas are located on shallow banks-

broad, nearly flat plateaus with their surfaces less

than thirty feet (sometimes less than twenty) below

mean sea level. During the Ice Age, when the sea

level was lower than it is now, these banks were

exposed. Wind-blown sediments piled up along

their edges and later solidified, forming the rocky

base of the present-day Bahama Islands. As the sea

level rose after the last glacial periods, the coral

reefs started to grow again and the waves began to

cut away the vulnerable parts of the shoreline.

Today, the islands are still being carved away in

some places and built up in others, hence their out-

line is constantly changing.

Each of the submerged Bahama Banks is dif-

ferent and has its own particular "personality," but

there is a general pattern common to them all. The

central part of each bank is nearly flat. The large

islands lie along the eastern and northern edges of

these flat areas, although occasionally there may

be low islands or rocks along the western and

southern boundaries.

An outer shelf surrounds the flat part of the

bank; this shelf is usually less than one mile wide

^^lexible branching corals are commonly seen

on the wall, this one at about 200 feet. Violet

fish, a blackcap basslet, swims behind the strands.
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A.hove, covered with small sponges, algae,

and gorgonian corals, a sponge four feet tall

is seen on the middle reef at about 100 feet.

ISelow, at depths of 200 feet, green and
brown algae and encrusting sponges create

a gay mosaic of color on the face of the wall.

40



A.bove, a fairy basslet, found in abundance
on Andros Reef, swims in front of a lettuce coral

on which grows an orange encrusting sponge.



Without the artificial light of the flash

this spectacularly yellow sponge would look gray.

A magnificent coral "tree," with flexible stems

that wave in the current, is seen at 175 feet.

A. red sponge has encrusted a mitten-shaped

clam that is attached to a gorgonian coral.

jyisk coral, two yards across, is seen at

240 feet. Each white dot is a single polyp cup.

** '^i»^-v^.

,^rtl-*ir»,j»f»^

- m^

^> ^'"''

' \ > '

•t • «.

42



and slopes gently seaward to anywhere from 60 to

150 feet under the surface. Then it plunges almost

vertically to the depths of the ocean. The steepness

of this vertical wall can be appreciated when we
realize that in some places depths of 12,000 feet

are found within two miles of shore. The sheer wall

below the Andros Reef is perhaps the most studied

of all these cliffs, and it offers some of the most

magnificent underwater scenery in the world.

he Andros Reef has many faces. To get out to

the drop-off from the shore of Andros Island a

diver must pass over several tempting and well-

defined zones, each with its own spectacular as-

semblage of plants, corals, fishes, and other

organisms.

At various points along the shore, coralline

algae have built a narrow terrace. Beyond this ter-

race the rocky bottom drops to perhaps six to ten

^eet, then levels off, forming a moat between the

island and the reef. Parts of the moat's bottom are

sandy with dense beds of turtle grass; others are

"ocky with occasional coral and sea fan colonies

and a thick carpet of various kinds of algae. The

noat ranges from one-half mile to three miles

vide; at its outer edge, the water becomes shal-

ower and the coral colonies more abundant. This

s the back of the barrier reef. Globose and lettuce

;orals thrive here. Sea fans form thick gardens and

;olonies of stinging coral resembling miniature

nedieval castles dot the underwater landscape,

iere and there a small rocky islet punctuates the

ine of breakers.

On the seaward side, profuse stands of elkhorn

;oral grow, receiving the direct attack of the

vaves, and rising to within a foot or so of the low-

ide level. Dislodged, treelike elkhorn corals some-

imes stick out of the water like the ribs of a

vrecked ship. Some are fifteen to twenty feet high

md more than two feet thick at the base.

Seaward of the elkhorn barrier, the bottom

lopes steeply downward. This outer slope, or

'middle reef," extends from about the 30-foot

evel to about 80 to 120 feet at the drop-off. Glo-

tose brain corals and dead colonies fallen from the

eef above predominate in this region, and sea

vhips and other soft corals, such as the flexible

;orgonian corals on page 39, are abundant. Here

•ne finds occasional large sponges anchored to the

oral mass, such as the one on page 40.

At the drop-off, the fauna changes abruptly.

Aany species of fishes new to science have been

described from this level since scientific collectors

started using Scuba in their field work. Sponges

predominate at this depth, and many of them have

an eerie, florescent appearance and develop weird,

surrealistic shapes.

Beginning at a depth of about 140 feet and

clinging to the overhangs of ledges on the wall, a

diver may see fragile, cream-colored sponges like

the one on page 41. If brought up to shallower

waters where there is less pressure, they will disin-

tegrate, and when handled with bare hands, their

fine spicules pierce the skin as the fibers of glass

wool will do. Down at 175 feet, where the water

temperature has been recorded as only 2 degrees

less than that of the surface, several kinds of coral

grow. For example, as shown on page 42, one may
find large, platelike corals some six to eight feet in

diameter. The polyps are arranged in concentric

circles like the rings of a tree.

At these depths, everything seems to be an in-

tense blue that contrasts sharply with the greens of

the moat and reef area. Only the artificial light of

the photofloods and flash bulbs brings out the reds,

yellows, purples, and greens. The brilliant purple

of the fairy basslet on page 4 1 looks blue until seen

in artificial light. Fish that are actually red have a

translucent appearance here, because the long-

wavelength reds and yellows have been filtered out

by the water.

E îven divers with years of experience on shal-

low reefs will find a new world on the vertical face

of this great cliff. Intimately allied to the coral reefs

above, it stands as a distinct subdivision of the

Bahamian marine environment. Some of the or-

ganisms that live here also live in shallower water,

but others reach their upper limit at the edge of the

drop-off. As on shallow reefs, the surface features

of the vertical wall are formed by living plants and

animals—some building the structure, while others

attack it.

Modern diving and photographic equipment

make it possible for scientists to study all these

organisms where they live, or once lived, instead of

depending on random samples pulled up by

clumsy, surface-operated equipment. Yet with all

of our modern diving techniques, we have only

obtained a glimpse, and a partial one at that.

Deeper dives will be possible in the next few years,

and graduaUy we will begin to understand the

unique features of this strange and beautiful un-

derwater wonderland.
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Ttvo nearest galaxies, Large and Small Magellanic Clouds,

and bright star Achernar (top right) are near south celestial

pole. Observation of Cepheid variable stars in Small Mi
gellanic Cloud led to discovery of period-luminosity lau

SKY REPORTER
Three variable star types are visible in the October sk^

By Thomas D. Nicholson

A good many amateur astronomers continue to make

an important contribution to astronomical knowl-

edge through the observation of a peculiar, but highly

significant, group of stars—those that periodically under-

go changes in brightness. These stars are known as vari-

able stars. Although some 10,000 such stars are known

within our Galaxy, they comprise a relatively small

population among all those we observe. It has been esti-

mated that perhaps only one in a million stars may be

variable. Yet these stars have assumed an importance in

astronomy completely out of proportion to their relative

abundance. They have provided astronomers with one

of their most powerful tools for measuring distances to

remote objects in the imiverse; they are valuable indi-

cators to different populations of stars that seem

occupy different parts of stellar systems; and they ha^

helped to bridge some of the gaps in our knowledge i

stellar evolution. At the same time, they present some <

the most perplexing problems remaining in astronom

This month's sky offers the opportunity to obser'

three famous variable stars, among the first such sta

to be recognized. Each of them is quite different fro

the other, and each is considered to be a prototype for

large number of similar stars. The three stars are Mir

in the constellation Cetus; Algol, in the constellatic

Perseus; and Delta, in the constellation Cepheus.

It surprises even astronomers to realize that the ear

est known reference to a star that varies in brightne
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dates only to the year 1596, when the Dutch astronomer

Fabricius observed a star in the constellation Cetus

that, in August of that year, was near second magnitude,

but that faded to invisibility by October. Christened

Mira (the Wonderful) by Hevelius, the periodicity of

its light changes was not firmly established until 1660.

There is a suggestion that the variability of another star,

Algol, might have been observed by Arabic astronomers

at the earlier epoch in which that star received its name
(it is presumed to derive from the Arabic al Ghul, or the

"demon star"), but no clear reference to stellar vari-

ability predates the observation of Fabricius. This is

especially surprising because the star catalogue of Hip-

parchus and Ptolemy, included as part of Ptolemy's

Almagest, classified the brightness of hundreds of stars

in the magnitude scale devised by Hipparchus. Further,

it is reported by contemporary Latin authors that one

of Hipparchus' aims in compiling a star catalogue was

to determine whether there was any variation in stellar

brightness. It seems difficult to understand how the vari-

ability of stars such as Mira and Algol (both of which

change enough to be easily discernible to the unaided

eye) could have escaped the attention of Hipparchus and

Ptolemy, or of the many observers who followed them—
armed with their catalogue—through the centuries until

1596. Yet the record prior to that year is blank.

The variations of brightness in Algol were first

brought to the attention of astronomers by the Italian

G. Montonari, in 1669, but John Goodxicke, of England,

is credited with first establishing the period and nature

of its variability more than a century later, in 1783.

It was also Goodricke, in the following year, who dis-

covered the changing brightness of the star Delta, in

Cepheus, the first known number in its class of variable

stars, subsequently known as Cepheids, which were to

become enormously significant in the twentieth century.

Investigations that followed confirmed that each star

was indeed a distinctively different type of object, and

each has since given its name to the class of stars that is

representative of its type.

Mira Ceti, Long-period Variable

The star known as Mira Ceti is located in the north-

eastern part of Cetus, the Whale, about 6 degrees to

the south and east of the star Alpha in Pisces (sometimes

known as "the Knot" ) . Over a period of time averaging

'about eleven months, Mira undergoes major changes in

brightness. For about three months, it is bright enough
to be seen by the unaided eye, becoming—at maximum
brightness—a star of Srd or 4th magnitude, sometimes

even 2nd magnitude. For the remaining eight months of

its period, it dims to a minimum of 8th or 9th magni-

tude, visible only with telescopes. Its light curve shows
that it is subject to rather large changes in the period

from one maximum to another, and that its maximum
and minimum brightness may vary by more than a mag-
nitude from one period to the next. Most remarkable

is the range in total light output indicated by its light

,3hanges. From minimum to maximum Mira Ceti may in-

crease the energy it radiates by about 1,400 times. Mira
^las actually been known to brighten to magnitude -|- 1.2.

Mira is now recognized as a representative of nearly

5,700 similar stars known as Mira-tj^pe long-period vari-

.ibles. These are all red giant or supergiant stars, varying

in brightness in a regular way for periods ranging from
80 to 1,000 days. In general, the longer their period, the

less regular are the periods and amplitudes of the light

variations. The absolute magnitudes of these stars range

from about +2 to —2 (the absolute magnitude of the

sun, by comparison, is about +4'.6), and the average

range from minimum to maximum brightness is about

2.5 magnitudes.

Algol, Eclipsing Binary

The second variable star discovered, Algol, is found
in the constellation Perseus, about midway between,

and some distance south of, Mirfak (Alpha Persei) and
Almach (Gamma Andromedaej , almost forming an

isosceles triangle with the latter two stars. For nearly

two and a half days, Algol remains at a constant bright-

ness, -j- 2.3 (except for the slight change described be-

low) . Then its brightness begins to decrease sharply to

a minimum of magnitude -|-3.5 in about five hours,

followed by an equally sharp and rapid rise to its normal

brightness again. The peculiar nature of this change sug-

gested to Goodricke that it might be the effect of a dark

star periodically passing in front of Algol and obscuring

part of it from our view. In 1889 a German astronomer,

H. Vogel, found evidence in the spectrum of Algol that it

was indeed a binary star, even though only one star was

visible telescopically. Then, in 1910, Joel Stebbins, of

the University of Illinois Observatory, found that Algol's

light curve had a secondary minimum, only 0.06 magni-

tude, at the middle of its constancy. This dispelled the

notion that the obscuring companion was dark, for its

disappearance behind the brighter component was what

produced the secondary dip in brightness.

Algol, therefore, is not truly a variable star. It is, in-

stead, an eclipsing binary star, in which the variations

in observed brightness are produced by periodic eclipses

of one star by another. A great many similar stars are

now known, each of which have light curves similar, in

their general features, to Algol's. While not variables,

these eclipsing binary stars are most significant in their

own right, for careful observations of their period, am-

plitude, and velocities (from their spectra) can yield the

distances to the stars, their masses, and the sizes of the

component stars involved. Indeed, such stars are the only

ones for which accurate masses and sizes can be obtained.

Delta Cephei, Short-period Variable

The third famous variable in our autumn sky is Delta,

in Cepheus. Located in the far northern sky, Delta

Cephei is in the southeastern part of Cepheus, about mid-

way and a little below a line between the western star of

Cassiopeia's "Chair" (Caph) and the brightest star in

Cepheus, Alderamin. Delta Cephei, about 4th magnitude

at its brightest, is just a few degrees to the east of the

3rd magnitude star Zeta Cephei. The principal features

of its variability were observed by John Goodricke. In a

period of 5.4 days, its brightness goes from a maximum
of 4.1 to a minimum of 5.2. The light curve of Delta

Cephei is characterized by its short period, the regularity

of the period and the brightness at maximum and mini-

mirni, and the nature of the curve—a sharp rise to maxi-

mum followed by a relatively slow decline to minimum.
Subsequently, a great many stars have been discov-

ered with light variations similar to those of Delta
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MIRA CETI, LONG-PERIOD VARIABLE

Large brightness changes and irregularities in period and

amplitude are quite marked in long-period variable stars.

Light curve of Algol—not a true variable star—reveals

the presence of two stars experiencing periodic eclipses.

Regularity of changes in brightness, with rapid rise and

slow decline, mark the light changes of Cepheid-type stars.

Cephei. These are known as Cepheid variable stars. Their

periods range from 3 to 50 days, the amplitude of the

variation ranges from 0.1 to 2 magnitudes, and their

absolute magnitudes from — 1..5 to — 5. They are all

yellow or red supergiant stars. Some 600 such stars are

known in the Galaxy. In addition, many of them have

been observed in other galaxies, since they are among
the brightest of stars and can be observed at very great

distances. The Cepheid variable stars are responsible

for one of the most exciting chapters in the history of

astronomy.

In the year 1912, an astronomer at the Harvard Col-

lege Observatory, Miss Henrietta Leavitt, identified 25

Cepheid-type variable stars in photographs of the Small

Magellanic Cloud {shown on page 44). She discovered

that there was a simple relationship between their ap-

parent magnitudes and the period of their variability,

such that the stars of longer period were observed to

be brighter. Since all of the stars were at about the same
distance—although their exact distance was not known,
they were all in the same star cloud—this suggested that

there must be a relationship between the absolute magni-

tude and the period of variability for these short-period

variable stars. In the years following, this relationship,

known as the period-luminosity law, was found, and

became a powerful tool for measuring the distance to

Cepheid variable stars and, therefore, the star systems

in which they were located. The complete story of the

discovery of this law, and its modifications as other types

of short-period variable stars—differing somewhat from

the Cepheids—were identified, is too complex to go into

here. But once the nature of a short-period variable star

is established, the absolute magnitude of the star can be

obtained from an observation of the period of its varia-

bility. The distance to the star can then be established

from the difference between its apparent magnitude and
its absolute magnitude, because the effect of distance in

dimming its light is known.

Apart from the changes in its brightness and the char-

/"^ acteristic features of its light curve, a variable star

demonstrates other interesting features. During the pe-

riod of its light curve, the spectral classification of the

star and the temperature of its surface change. There is

also ample evidence that the star expands and contracts

as it dims and brightens, but in a relation to its light

changes that is sometimes rather peculiar. The conclu-

sion is inescapable that the changes in brightness of a

variable star are produced by some mechanism that

causes changes in its internal structure; it is not true

of Algol-type variables, of course, in which the light

changes result from external factors (the eclipsing of

one star by another) . It was once thought that eclipses

by another star might possibly explain all stellar vari-

ability. But the differences in the light curves between

eclipsing binary stars and true variables {see left) are

too striking, and other characteristics of intrinsically

variable stars too obvious, to support such a simple

notion. Much has yet to be learned about variable stars,

but it will undoubtedly be worth the effort to explore

them further, as many amateur astronomers do.

Dr. Nicholson, the regular author of this column, is also

Chairman of the American Musel -m-Hayden Planetarium.
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Last Quarter October 7, 8:08 a.m., EST
New Moon October 13, 10:52 p.m., EST
First Quarter October 21, 12:34 a.m., EST
Full Moon October 29, 5:00 a.m., EST

TIMETABLE

October 1 10:00 p.m.

October 15 9:00 p.m.

October 31 8:00 p.m.

(Local Mean Time)

October 8-9: Jupiter, by now, has moved into prominence
in the morning sky. It rises about midnight and is high
toward the south by dawn, magnitude —1.7. On the 8th,
it rises after the moon and follows it across the sky; on the
9th, it rises first and precedes the moon.

October 10-11: Mars, some distance to the east of Jupi-
ter and much fainter, magnitude + 1.8, is also becoming
easier to see in the morning sky. It may be found on the
mornings of the 10th and 11th, low in the east several,

hours before sunrise, near the bright star Regulus, in Leo.
On the morning of the 10th, the late crescent moon rises
just before Regulus and Mars, and moves up in the eastern
sky to the right and above the pair until they disappear into
the morning twilight.

October 15: Mercury, an evening star, is to the right
(west) of the early crescent moon; but probably too close
to the sun to be seen easily.

October 20: The Orionid meteors reach maximum this
evening. This shower, a broad one visible for about a week

before and after maximum, produces about 25 meteors
per hour at maximum.

October 25: Saturn, about magnitude-|- 1.0, is just above
the rising moon in the eastern sky early this evening. Follow
it as it moves to the right during the next several hours,
and you can see the distance from the planet to the moon
slowly increase.

October 26: Mercury is at greatest elongation (24°) east
of the sun, but this is an unfavorable elongation. At sun-
set, the planet is about 10 degrees high and in the south-
west; it sets in the late twilight.

October 29: The full moon of tonight, the next following
the harvest moon, is known as the hunter's moon. From
about 2:53 a.m., EST, until moonset, the earth will partially

cover the sun as seen from the moon's surface. This event,
called a penumbral eclipse of the moon, will cause the
moon to darken slightly, but no part of its surface, during
the eclipse, will be completely blocked off from sunlight.

The moon will appear darkest about 5:12 a.m., EST.



The Seychelles
Lyingfar outside the lanes ofmodern transportation,

these remote tropical islands of the Indian Ocean are

the home ofafamouspalm. First seen hyArabs, they

were charted by the Portuguese, settled by the French. Two outlying islets are seen fromM
largest island of the Seychelles gr

by Lynn Millar

OS the east coast of Africa, four

degrees south of the Equator,

are 92 reef-fringed, granitic islands

known as the Seychelles, one of the

loveliest and least frequented spots in

the world toda) . Not only is there no

commercial airport, but the islands

lie out of the main trade routes and

the traveler must depend on a ship

from Bombay, India, or one from

Mombasa, Kenya.

These islands stand on a kidney-

shaped submarine plateau 10,000

square miles in area. Mahe, the site

of the capital, Victoria, is the largest

—seventeen miles long and five miles

wide. Rising in the center of it is a

giant massif—the almost 3,000-foot

Morne Seychellois—that, with the

peaks of Trois Freres, forms a back-

drop to the port of Victoria.

According to Seychelles annals it

is thought that the Arabs in their

dhows were the first to see the islands.

But it is fairly certain that the Por-

tuguese visited the group during the

sixteenth century and charted them.

They named the islands the Seven

Sisters, a name by which they were

known until the French rediscovered

them in the mid-eighteenth century.

There were no indigenous inhabi-

tants, nor did the Portuguese attempt

to settle there. During the eighteenth

century the islands were used as hide-

outs for pirates. In the mid-eight-

eenth century Captain Corneille

Morphey in the frigate Le Cerf was

sent by the French to ward off the

British, who were thought to be look-

ing for islands to use as naval bases.

In 1756 a "Stone of Possession" was

set up at Mahe, and Captain Morphey

named the group after Moreau de

Sechelles, at that time finance minis-

ter under Louis XV. The French sent

colonists, soldiers, and slaves and

started spice plantations, which flour-

ished. During the Napoleonic Wars
the British captured the Seychelles,

and permanent colonization began.

In 1903 they became a crown colony

under British rule.

Today about 90 per cent of the

archipelago's 46,000 inhabitants are

the descendants of the African slaves

imported during the eighteenth and

early nineteenth centuries from Mad-
agascar and Mozambique. The rest of

the population is a conglomeration of

French, Indian, British, and Chinese.

The atmosphere of the Seychelles

is African, although the Seychellois

of today have a nineteenth-century

French culture—a holdover from the

French occupation from 1756 to the

Treaty of Paris in 1814, when the

islands were ceded to the British.

Although English is taught in the

schools, the natives speak French

Creole, and the population is about

95 per cent Roman Catholic.

Perhaps the Seychelles more than

any other islands deserve to be con-
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Fishermen, using pirogue and nets, are

on one of numerous beaches on Mahe.

sidered true palm islands. The Sey-

chelles can boast what may be the

most famous palm in the world, the

coco-de-mer, or Lodoicea maldivica,

the double-coconut palm, which
grows indigenously in the Vallee de

Mai on Praslin, one of the islands of

the archipelago. Other islands of the

group grow five or more kinds of

indigenous palms. The coco-de-mer

is an unusual species. These palms

sometimes live 600 years, and seem

to be associated with an extremely

rare bird, the black Praslin parrot,

which nests in these towering trees

and haunts the sands of Praslin Is-

land. A tall, slender palm, which may
reach a height of 120 feet, the coco-

de-mer has huge, fan-shaped, rustling

fronds and a bilobed fruit weighing

from 20 to 40 pounds that takes 10

years to ripen. The fruit was sup-

posed to have been a product of the

sea, as it was first seen washed up on

the shores of the Malabar Coast of

India—thus its name, coco-de-mer.

To the Seychellois the palm is a

staple of their life. It provides fruit

and drink—the coconut water, the

"meat," the extracted coconut cream.

and the so-called millionaire's salad

or king's cabbage, made from the

heart bud extracted from among the

leaf fronds at the top of the tree. This

is a rare dish since it can only be

obtained by killing the tree.

The economic importance of the

palm to the Seychellois is basic. Ship-

ments of coconut represent about 75

per cent of the total exports of the

islands. Copra is the dried meat of

the coconut, and the copra from the

Seychelles reportedly receives a pre-

mium above world market prices.

When one approaches Mahe, the

island appears to be almost shrouded

with coconut palms, which grow

about halfway up the steep slopes of

the island. On close inspection it is

clear that the palm is planted wher-

ever there is a pocket of soil in the

granitic rocks to support it. The

houses of the natives are often sup-

ported on coconut trunks; many are

walled and thatched with coconut

fronds. Fishing nets and ropes, mats,

and brushes are made from fibers

extracted from the husk of the nut.

Lime and bricks are burned with

coconut fuel.

Almost everyone in the Seychelles

_£\_ fishes either for livelihood or

for sport. A common sight is a Sey-

chellois sculling along the waters of

a lagoon in his pirogue—a narrow,

sharply pointed craft—fish hunting

with a spear. In the coral lagoons all

around the two main islands of Mahe
and Praslin, traps made of coconut

fronds are placed on the lagoon bot-

tom, baited with crab or other shell-

fish. The butterfly-shaped traps are

called casters in Creole. During the

months of November through Feb-

ruary the local Seychellois of Mahe
trap and hawk crayfish or homards
(lobster). The commonest and most

important of the shoaling fishes are

the blue and green mackerel.

As an attraction for tourists there

is also big-game fishing, ranging

from barracuda, shark, tuna, king-

fish, sailfish, marlin, and even the

devil ray. The best months for sea

fishing are from February to May
when the southeast monsoon is not

blowing. But generally there is little

variation in the island's climate.

The view approaching Victoria,

capital of the islands, is particularly

entrancing by sea. Two long jetties

protrude into calm shallow water,

and onshore white buildings show
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Of great importance to the economy of

the Seychelles are palm groves such as

one above; from them comes copra, the

island's chief export. Natives, heloiv,

crack coconuts, which are then left

to dry in the intense tropical heat.

through a screen of trees. The massif

of Trois Freres rises up behind the

town, and there is an atmosphere of

calm and remoteness that makes the

scene appear untouched by contem-

porary civilization. Much of Victoria

remains as it was when it was named
for Queen Victoria in 1841, and asso-

ciation with the queen also influenced

the naming of the streets. In 1903 the

Victoria Memorial Clock Tower, still

the town's most outstanding land-

mark, was erected; it is a smaller

copy of the clock at Westminster.

Mahe's narrow, winding streets rise

upward from the port. The mackerel

catch is brought in on the jetties,

where it is strung up on bamboo
poles and carried to the local market

on the shoulders of the natives. The
architecture is French colonial with

overhanging balconies, the buildings

not unlike those of the French Quar-

ter of New Orleans. Again the street

names recall the island's history; for

example. Rue Royale was the town's

fashionable center 150 years ago.

In the town a tourist can buy almost

anything from fishing gear to

hats. The natives make all kinds of

hats of different colors and shapes,

which are sold in a shop in Victoria,

and also are worn by the natives.

These hats, so characteristic of the

Seychelles, are made from raffia,

screw pine, and coco-de-mer. Some
with broad straw brims are designed

after the ones that were worn by Lord
Nelson's sailors.

There is a sleepy, forgotten quality

about the atmosphere of Victoria,

and only at the local fruit and vege-

table market on a side street does the

business of port life become appar-

ent. Here a visitor can get an idea of

the variety of racial types that live in

harmony on the islands.

From Port Victoria to the north-

east of Mahe, a beautiful marine

drive encircles the island. In almost

every cove there are bathing beaches,

or one sees fishermen in broad straw

hats mending nets from sailboats or

the slender pirogues, or trailing their

nets beyond the outlying reefs.

Throughout the islands, bread-

fruit grows wild on large leafy trees

and is the substitute for potatoes,

which do not grow on the islands.

It is locally said that he who eats

breadfruit is destined to return to the

Seychelles. Perhaps that is enough of

an enticement to try.
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Above is a typical Seychellois, a descendant of African

slaves imported during the eighteenth and nineteenth cen-

turies. The market, above, and street, below, in Victoria,

are colorful business centers of the sleepy islands' capital.
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Time and Space
in tlie Life of the Bee

Complex navigation systems depend on the
precise use of spatial and temporal clues

The knowledge that animal be-

havior is dependent on the time

of day and the annual cycle of the

seasons has been common since an-

cient times, but until half a century

ago these relations had hardly been

subject to serious investigation. Be-

havioral changes paralleling the

daily cycle of night and day or sea-

sonal variations appeared too obvi-

ous—too close to personal experience

—to arouse any special interest. Only

when it was realized that behavioral

rhythms and periodic physiological

processes continue even under artifi-

cially constant conditions—for exam-

ple, under continuous illumination-

did this attitude change.

One of the first biologists to con-

tribute in this direction was Charles

Darwin. He described how earth-

worms retain, for about a week, the

habit of leaving their burrows only

at night, even if they are kept in con-

stant darkness. That bees also have

a way of telling time was discovered

in 1905 by the Swiss physiologist

August Forel. Every morning at the

same hour, Forel had breakfast with

his famUy on the garden terrace. One
morning the honey and marmalade
on the table were discovered by bees

;

these uninvited guests then appeared

regularly, day after day, and in in-

creasing hordes. Finally, breakfast

on the terrace became impossible and
the meal had to be moved indoors.

But the next day, at breakfast time,

Forel glanced through the window
and was astonished to observe that

the bees had turned up at the usual

time and were searching for food

around the now-empty table. Since

there were no breakfast remnants
from the previous morning to attract

the bees, the only plausible explana-

tion for their reappearance was that

"bees possess a sense of time."

byMAX REIVIVER

In the October, 1959, issue of

Natural History, I described ex-

periments aimed at solving the mys-

tery of the bee's clock. One question

warranted particular interest. In or-

der to orient themselves to time, do

bees connect a daily, recurring event

—say a specific position of the sun—
with the experience of a freely avail-

able food source? Or are they, on the

other hand, able to orient themselves

by an "internal clock," independent

of such external periodicities?

Early in the course of these inves-

tigations it was found that bees were

on time even when kept in a con-

tinually illuminated and tempera-

ture-constant room. In such rooms,

however, environmental clues to a

24-hour periodicity could not be

wholly eliminated. Bees might, for

example, respond to recurring

changes in atmospheric pressure.

An unequivocal answer could re-

sult only after a long-distance dis-

placement experiment had been car-

ried out. If, for example, bees were

trained in Paris to feed at a specific

time, then flown to New York over-

night and tested there, they should

search for food some 5 hours after

the 24-hour period—that is, 29 hours

after their last feeding period—if

they used outside clues for time ori-

entation. On the other hand, if the

bees abided solely by an internal

clock independent of outside clues,

they would search for food, as usual,

24 hours after the last feeding pe-

riod, even after having been trans-

ported some 3,000 miles.

The results of the displacement

experiment showed that the bees

searched at their usual time, 24

hours after the last feeding period.

The reverse experiment—training in

New York and testing in Paris—had
an analogous result, indicating that

it was the internal clock that was
functioning.

It should be pointed out that in

both these experiments, light and
temperature were held constant. The
question of whether the same thing
would occur in a natural environ-

ment remained unsolved. It could be
answered by a displacement experi-

ment in which training and testing

took place in the open. The starting

point this time was St. James, on
Long Island, N.Y., and the target was
Davis, in the Sacramento Valley of

California. Some 40 foragers were
trained in St. James to feed from
12:54 to 2:24 p.m., EST, then trans-

ported by air (in their hive) across

the continent to Davis, where they

were tested on three successive days.

The true local time difference

between the two locations is

three hours and fifteen minutes. The
sun rises three and a quarter hours
later in Davis than in St. James. If

external factors play a role in time
judgment under natural conditions,

this would be made apparent by de-

layed searching activity. Should the

bees, however, obey only their in-

ternal clocks, they would search for

food as usual, 24 hours after their

last training period; in this case,

between 9:54 and 11:24 a.m., PST.
Some of the results of the experi-

ment, in which observations were
continued for three days, are shown
on page 54. Normally on the test day
there is only one peak on a graph of
the search activity of bees trained to

a specific time period. In Davis, how-
ever, two peaks occurred on each of
the three observation days. On the
first day, the first peak of search ac-
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Curves show search frequency of bees

displaced to Davis, Cal. Migration of

peaks shows adjustment to local time.

tivity came shortly before the begin-

ning of the 24-hour interval since the

last training period, which was nor-

mal. But while, also normally, the

frequency of search flights began a

steady return to zero, a new rise,

peaking one and one-half hour? later,

followed the descending count.

On the second day of observations

both peaks occurred one and one-

half hours later than on the first day.

On the third day the position of the

first peak remained steady, whereas

the second appeared thirty minutes

later. This second peak, therefore,

occurred three and a half hours later

than the first peak of the first day ; at

approximately the time, surprisingly

enough, that search activity would

begin if the bees had been trained in

California for the period 12:54 to

2:24 P.M., local time.

LOCAlT^ST- 9:-24"A".IVr"

TIME \ EST 12:24 P.M. 1:24

11:24

2:241

How is this ambiguous result

to be interpreted? Since the

migration of the second activity peak

corresponds almost exactly to the

difference between the two local

times, it must have been caused by

external factors. The relatively minor

displacement of the first peak, how-

ever, is undoubtedly attributable to

the effect of internal factors.

Bees obviously possess two sys-

tems for measuring time : an endoge-

nous system, functioning largely in-

dependently of external factors and

tied relatively inflexibly to the 24-

hour rhythm of internal conditions,

and an exogenous system, dependent

on the change from night to day.

Both systems influence each other

within certain limits. Thus the inter-

nal clock—never exact to the minute

in any case—can always be synchro-

nized with the time of day or set,

under normal conditions, by the

change of night and day.

One may well ask about the bio-

logical significance of such a highly

developed time sense. Most flowers

produce nectar only at certain times

of the day. If the collecting bees

could learn when the particular blos-

soms on which they feed yield their

Straight run in waggle dance (inset)

indicates food direction relative to

sun. Vertical line, the "up" perceived

by bees, represents sun's position.

12:24 P.M. ifli
3:24 4ff

SEARCH ACTIVITY IN DAVIS

TRAINING TIME IN ST. JAMES

nourishment, they would not have to

leave the hive for inspection flights

at times of poor yield.

The time sense is also important

in the communication system of the

bees. We know that, on their return

to the hive, foragers that have dis-

covered a rich food source alert

other worker bees by dancing on the

vertical comb inside the hive. Should

the food be more than about 55

yards (50 meters) from the hive, re-

cruits are alerted through the so-

called waggle dance. The dancer

moves in a figure-eight pattern that

is a combination of semicircular and

straight runs. The straight portion

of the dance, the waggle run, during

which the bee's abdomen waggles vig-

orously from side to side, brings the

dancer back to the starting point of

the previously traversed semicircle.

The total number of figures com-

pleted in a given period of time indi-

cates to the other bees the distance

to the food source. The farther away
the source, the slower the dance.

The precision of the message is

striking, as Karl von Frisch's experi-

ments have shown. Bees can pinpoint,

a location two-thirds of a mile from;

the hive within at least a 55-yardi

margin of error. The dance tempo at

two-thirds of a mile amounts to 4.52

turns per 15 seconds, or to trans^

pose the figure, one turn is completed

in 3.32 seconds. If the food source iS;

then moved 55 yards closer to the

hive, a turn takes 3.27 seconds. Thus^

bees must be able to keep time inter--

vals of a few hundredths of a second.

If the foragers only gave informa-

tion on distance, however, the mes-

sage would be useless; the direction

of the food supply must also be com-i

municated. And, indeed, it is. The

signpost is the waggle run.

A forager flying from the hive to

the food source must necessarily

keep at a certain angle to the sun'^

position. It is precisely this sun angle

that is reproduced by the waggle

dance on the vertical comb inside the

hive. In this case the waggle run repj

resents the leg of the angle that

points to the food source. The other

leg of the angle is based on a means

of orientation that is available in-
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ide the hive: the vertical upward
irection perceived by the bees' re-

eptors for gravitational force. It is

n this line that the sun angle, now
-le dance angle, is constructed.

A run straight up, for example,

leans that the food lies in the direc-

on of the sun. A waggle run 45

egrees to the left of the vertical is

iterpreted to mean that the goal is

5 degrees left of the direction of the

in's position in the sky. This is

|iown in the lower diagram, page 54.

The sun serves as a means of in-

licating direction. It is visible dur-

iig the hours that the bee, as a day-

ptive animal, is moving outside the

ive, and it remains visible to the

itraviolet-sensitive bee eye even

hen it is behind clouds.

The apparent motion of the sun,

j^wever, does somewhat limit its

i;efulness as an orientation marker.
I fixed reference system would be

'ore suitable. The bees, neverthe-

'ss, manage very well, despite the

joving frame of reference. They
(iiange the angle of their dance

—

ihen repeatedly flying to the same
i>al over relatively long periods—at

e same rate that the angle of the

tn changes outside.

But there are bees that dance in-

ie the hive for long periods with-

it flying outside. These are usually

outs that have found a new home
r the swarm, which will soon leave

e hive. It is not essential for them
keep flying back and forth be-

een the hive and the new home,
there is nothing to bring back.

t it seems necessary for them to

dicate the new domicile to many
their fellow workers so that the

)ve can be made smoothly. Thus
iy dance for hours without leaving

i hive and with only brief rests,

rprisingly, they also alter the

gle of their dance at the same rate

it the angle between the sun and

eir new home changes; again the

ise of time is obviously involved,

ithout their internal clocks the bees

uld not be able to correct that

gle and give proper directions to

ler bees by the waggle run.

We may ask if this clock is also

portant outside the hive, for

jhts to the food source. Can bees in

; open orient themselves by the sun

ine in the same way that we are

le to determine direction with the

p of the sun and a watch?

To answer this, the following ex-

periment (see below) was performed

in June, 1952. In the evening, a col-

ony was locked up in its hive; the

next morning it was transported 20

miles to a place completely unknown
to it. There the hive entrance was
not opened until 1 :00 P.M. A feeding

station had been erected approxi-

mately 200 yards to the northwest.

By 3:15 p.m., 30 marked foragers

were visiting the feeding station.

During the entire afternoon,

while flying to the food

source, the sun was on the left of the

bees. In other words, the direction of

the feeding station was to the right

of the sun as it moved from west

southwest to northwest. As darkness

fell, the hive was again locked and
moved to another strange environ-

ment, 15 miles from the previous lo-

cation. Four feeding stations were
erected, one in the training direction

to the northwest, the other three at

equal distances to the northeast,

southeast, and southwest. At 7:15
A.M., the entrance was opened and
the bees allowed to fly out. The pos-

sibility of orientation by landmarks
had been eliminated because the lo-

cation had been changed. Four ob-

servers, one at each station, were to

catch every bee as it arrived so that

Their hive moved on two successive
nights, bees were released each day at

different time in test of ability to

relate sun's position and time of day.

none could return to notify the hive.

During the hours of observation,

7:15 to 11:15 a.m., the sun moves
from the east to the southeast. If the

bees had remembered from the pre-

vious afternoon only that the feeding

station was situated between 65 de-

grees and 11 degrees to the right of

the sun, they might be expected to ap-

pear at either the southeast or south-

west feeding station.

On the other hand, a flight to the

observation point to the northwest

v/ould mean that the bees did, indeed,

use the sun for orientation and that

they were, in addition, able to calcu-

late its path and to compensate for

its movement. Of the 30 marked for-

agers, a total of 19 appeared at the

feeding stations during the four

hours of observation. Of these, 15

had flown to the northwest. Only 4
had flown in an incorrect direction.

Thus it could be demonstrated—

omitting for the moment the possi-

bility of orientation by means of the

earth's magnetic field—that bees are

actually capable of using the sun as a

compass. The sun's pathway across

the firmament and its nightly revo-

lution below the horizon are taken

into account by the internal clock.

The sun's angle is corrected as a

function of time.
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Steepness of sun's path determines

speed of a point (the azimuth) directly

below sun moving across the horizon.

This result immediately raises a

new problem, one concerning astron-

omy. Viewed from the earth, the sun

moves across the sky at an almost

constant velocity. In an hour it

moves just about 15 degrees. How-
ever, the celestial direction of the sun

does not change with a constant ve-

locity but with a velocity that varies

with the time of day. This is illus-

trated above.

The direction of the sun is read

from a straight line leading from the

observer to a point on the horizon di-

rectly below the sun. The angle

formed by this line and one from the

observer to north is the azimuth

angle (measured in degrees, begin-

ning at north and progressing clock-

wise). It is clear that the velocity

^vith which the point moves along the

horizon depends on the steepness qi

the sun's path at any given moment.
The steeper the path, the more slowly

the point will move. In the middle

latitudes the azimuth angle changes

slowly in the morning and evening,

when the path is steep, and more
rapidly during the noon hours when
the path is relatively flat.

Asun compass, then, functions

with complete precision only

when the changing azimuth angle of

the sun is taken into account. In our

case, it means that the sun azimuth

orientation is really accurate only if

the bees change the sun angle at vary-

ing speed during the course of the

day. Like the sun, the azimuth re-

volves 360 degrees in 24 hours. This

means that the azimuth moves at an

average angular velocity of 15 de-

// bees oriented according to angle

of sun and food source in St. James,

after displacement to Davis, they

would search, incorrectly, at 235°.

grees per hour. For approximate

orientation it would therefore be suf-

ficient for bees to assign to the sun

angle a constant velocity of 15 de-

grees per hour.

The displacement experiment be-

tween St. James and Davis was also

designed to answer the question of

how bees change the orientation

angle during the course of a day.

The bees had been trained in Long
Island to a certain direction, as well

as to time. The hive was situated in

the middle of an open field. The feed-

ing station was 154 yards away, ex-

actly to the northwest, and had been

designed so that it could also be used

as an automatic recording station.

In order to get to the sugar water,

the bees had to enter a little alumi-

num box through a small entrance

hole. On entering they would break

a ray of light, focused on a photocell,

thereby closing a relay that operated

a recorder and counter. Since the

bees were supposed to fly to the

feeder aided by their sun compass,

and not guided by landmarks, the

box was hung inside a plastic pail,

buried up to its rim in the ground,

and covered by a masonite plate. An
opening in the center of the plate per-

mitted the bees to enter.

At the test area in California, reg-

istration points were set up in eight

places, each 154 yards from the hive,

located at northwest, north, north-

east, etc., one every 45 degrees. Re-

cording instruments and counters

automatically registered the time and

the place where the bees carried on

their search.

A preliminary experiment at St.

James, with no change in location be-

tween training and testing, had

shown that bees would search not

N = 0'= 360'

. ,„n.
DAVIS. CAL.

S=180 9.54 /\,M, psj

ST. JAMES, N.Y.

12:54 P.M. EST

only at the correct time but also in

the correct northwesterly direction.

One could conclude that on every

search flight they would keep to the

angle of the sun that had been valid

24 hours before. Were this indeed

the case, and should the bees actually

use the sun azimuth for orientation,

one might expect that they would not

search in a northwesterly direction

after displacement to the new loca-

tion. For example (as shown at left,

below), in St. James the bees would
have had to hold to a course at an

angle of 108 degrees to the sun's

azimuth when flying to the northwest

feeding station at 12:54 p.m., EST.
Once in every 24 hours this course

would lead directly to the goal.

Twenty-four hours later in Davis,

California, however, it would only

be 9:54 A.M., PST, and the sun

would be in the southeast at an azi-

muth of 127 degrees. Should the bees

calculate their angle with respect to

the sun azimuth that had been cor-

rect 24 hours before on the East

Coast, they would search at an azi-

muth of 127 degrees +108 degrees;

in other words at 235 degrees, some-

where to the southwest.

Should these search flights, as ex-

pected, extend over a period of some
hours, their direction would have to

change in the course of the day. The'

difference between the true local time

at the training ground on the East

Coast and the test location on the

West Coast amounts to the same
three hours and fifteen minutes all

during the day. The difference in sun

azimuth, on the other hand, varies

considerably during the course of a

day, when measured simultaneously

on the East and on the West coasts

For example, in the morning al

10:24 EST-corresponding to 7:2^

A.M., PST—'the difference in azimutl

between the two locations is 47 de

grees; three hours later, however

at 1 :24 P.M., EST (10:24 a.m., PST)|

it amounts to 82 degrees.

This phenomenon is caused by thf

varying rate of movement of th<

azimuth angle of the sun. The differ

ence between the sun azimuth posi

tions, measured simultaneously a

two locations separated in an east-

west direction, changes as does th'

distance between two people—on

following the other—if each alter

his pace periodically. Sometimes the^

are close ; sometimes farther apart,

One can calculate in advan
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where the bees will search after dis-

placement if they use any one of sev-

eral available modes of orientation.

For example, it is possible to plot

the search directions the bees would

take if they oriented according to a

hypothetical sun azimuth angle that

changes at a steady rate of 15 de-

grees per hour. Or one can plot the

direction they would take if they

I

compensated exactly for the correct,

[• varying azimuth angle.

Similarly, a plot can be projected

that would account for orientation

by means of the earth's magnetic

field. Since the magnetic declination

;

is 11 degrees west in the eastern

United States, but 17 degrees east in

,
the West—in other words, since there

j
is a total difference of 28 degrees-

it is possible to anticipate search di-

rections if the bees did, in fact, navi-

gate by magnetic fields.

, Another mode of orientation, one

f we are also able to plot, would permit

/the bees to manage without a time

sense; they would merely have to

register and associate the altitude of

the sun with a specific sun angle—the

angle they maintain in their ap-

proach to the feeding station. Since,

apart from the moment of exact sun

time noon, each height of the sun oc-

curs twice in the course of a day,

once on the way up and once on the

way down, this mode of orientation

can function without ambiguity only

if the direction of tlie sun's up or

down movement can be obtained

quickly and constantly. Assuming
this condition could be met, bees

should search exactly in the training

direction after a distant east-west

displacement along a parallel. This

would be true because the sun azi-

muths belonging to a specific sun

height would have the same value at

Davis as at St. James.

In the graph at right, the train-

ing direction and some of the

rheoretically expected search direc-

ions are shown as a function of the

ime of day. The ordinate shows di-

ection in degrees of azimuth, where
180 degrees is south, 225 degrees

iouthwest, 270 degrees west, and 315
iegrees northwest. Curve 1 indicates

he training direction (NW=315 de-

crees). This, then, would have been
he direction of search if the bees

lad been in a position to find the

raining direction at their new loca-

ion. Curve 2 shows the direction of

search that would have resulted if

the bees had used the lines of force

of the magnetic field. Curve 3 is the

expected direction of search if the

average sun angle during the train-

ing period had been retained contin-

uously during the course of the test

days. Direction of search guided by a

combination of the sun's altitude and
angle would lead to locations along

curve 4. Deviations from an angle of

315 degrees, especially around noon,

are caused by the difference in lati-

tude between the two locations;

Davis lies 2.4 degrees to the south of

St. James. Curve 5, finally, marks the

directions that foragers would have

to take if their angle of orientation

had changed at a varying velocity,

while curve 6 sketches the directions

taken if the angle changed at a con-

stant velocity of 15 degrees per hour.

Without, at this time, taking up
any further possible mode of orien-

tation, we shall now turn to the re-

sults. Curve 7 is drawn along the

actual search directions taken dur-

ing the three test days. The number of

search impulses, averaged per hour.

forms the basis for the plot. This

curve indicates clearly that bees nei-

ther possess an unknown method of

orientation that would permit them to

determine azimuth direction correct-

ly after large-scale displacement, nor

can they utilize the earth's magnetic

field. They do undoubtedly use the

sun azimuth, although the altitude

of the sun does not play a role. The
sun's angle is corrected as a func-

tion of time. The question of whether

this correction occurs with a varying

or a constant velocity cannot be an-

swered without ambiguity. The posi-

tion and form of the results allow us

to presume, however, that it changes

with the same variable velocity as the

azimuth of the sun changes in the

course of the day.

The ability to take the lapse of

time into consideration is of utmost

importance for bees. It permits them
to carry on activity at the right time,

to correct the angle of their dance

and of their orientation as they de-

pend on time, and to give precise in-

formation on the location of food

and its distance from the hive.

360"-

340'-

320°-

300°-,

280"^-

260'-

240°-

220

200 =

TRAINING TIME
IN ST. JAMES

180°-

TIME PST 7:24A.M.

EST 10:24A.M.
8:24

11:24
9:24 10:24
12:24 P.M. 1:24

I I

12:24P.M. 1:24
3:24 4:24

2:24
5:24

In addition to the search directions actually taken by the bees (white line), graph
shoivs hypothetical search directions: those that would have resulted had the bees
been able to navigate by using any one of several possible modes of orientation.
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PRECISION ^l^

Tripods
KEEP
SHARP LENSES
SHARP!

The slightest camera motion can jar

the edge off your sharpest lens . .

.

even at "safe" shutter speeds . . .

even with miniature cameras. Linhof

Precision Tripods protect your best

photographic efforts . . . keep you on

solid footing. That's because Linhof

builds rock-solid, lifetime steadiness

into every tripod—the positive stead-

iness that fine pictures demand.

SEE LINHOF TRIPODS AT YOUR DEALER

JEXiXBTG- PHOTO CORPORATION
P.O. BOX 1060 WOOOSIDE, N.Y. 11377

A BERKEY PHOTO COMPANY

More than just a telescope

.

More than just a microscope^

Emoskop:
a complete

vestpocket

optical

system.'
We went to Wetzlar. Germany (world capital of fine optics) to
find such perfection. Remove the EMOSKOP from its fitted

leather case and it is a 30-power microscope. A twist of the wrist
converts it to a 2.5-power telescope (ideal for theater, field and
sky). Another twist and you have a choice of magnifying glasses:
5-, 10-. or 15-powers! D The perfect vestpocket companion for
exacting professionals and scientists, and all those who wish to
observe anything more closely and clearly, n A most discreet
opera glass. Q If you make a fetish of quality, the EMQSKOP
will do you proud. Five coated lenses, fully achromatic, abso.
lutely flat field. Q Modern Photography Magazine calls the
EMOSKOP ".

. . the only magnifier worthy of the name." Q
Haverhill's guarantees your satisfaction without qualification.

INSTANT ORDER BLANK
Mail to: HAVERHILL'S
526 Washington St.. San Francisco. 941 1 1

|

Send me Emoskop Optical System(s) @ $12.95* 1

D 1 enclose check or M.O. plus $1.00 for post, and ins.
j

n Bill Diners'
; p Bill Amer. Expr. Acct. # j

(California residents add 4% sales tax) .
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ADDRESS

I
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The illustrator's art
'By Elaine Evans Dee

Fishes, by Markus-Eliezer Bloch, edited

by Eva Mannering. The Ariel Press.

$9.75; unpaged, illus. Gerard van

SpaendoiNck, Flowers Drawn from
Nature, edited by Wilfrid Blunt. The

Leslie Urquhart Press, $17.50; unpaged,

illus. The Best of Redoute's Roses,

edited by Eva Mannering. The Ariel

Press, $9.95; unpaged, illus. Mr.

Gould's Tropical Birds, edited by Eva

Mannering. The Ariel Press, $9.95; un-

paged, illus. All distributed by Taplin-

ger Publishing Co.

LIKE Kipling's Elephant's Child, man
I
has always had an insatiable curi-

osity about his world. From prehistoric

times, he has observed—and recorded in

every art form— fish, flesh, fowl, and flow-

ers of all species. His purposes in de-

picting nature have been as varied as the

degree of his fidelity in rendering what

he has seen. In the Middle Ages, for

instance, the most popular of books, the

bestiary, placed the emphasis on the

moral lesson illustrated, rather than on

exact observation of the subject matter.

Yet, the herbals and natural histories

of antique scholars were scientific in ap-

proach, an attitude that was revived in

the Renaissance. By the fifteenth cen-

tury, an awakened scientific interest

brought on the beginnings of scientific

iconography. Botanical illustration in

particular developed in the seventeenth

century to a level of amazing beauty and
accuracy, and this duality of science and
art produced a wealth of visual material

throughout the next one hundred years.

With the systematization of classifica-

tion, the enunciation of principles for

defining genera and species, and the es-

tablishment of uniform use of specific

names by the great eighteenth-century

Swedish scientist Carl Linnaeus, the

cataloguing and illustrating of nature's

kingdoms took a giant step forward.

Markus-Eliezer Bloch, who lived from
1723 to 1799, was a practicing physician

in Berlin. As he explained in his intro-

duction to the extensive Natural History

of Fishes—on which the present edition.

Fishes, is based—the study of ichthy-

ology had occupied his leisure hours.

Discovering that he knew of species

that were not included in the Linnaean

classification, he embarked upon his own
project, which developed, in the French
edition, into a twelve-volume work of

432 plates. The introduction included an

explanation of terms and a seven-part

outline for each descriptive entry (the

proportions of the parts, the position of

the fins, the type of tail, the exact

stratum of the scales, etc. 1 . Each plate

was to include the name of the fish in

Latin. German, French, and English.

The execution of the plates was done by
a variety of artists; in fact, Bloch uti-

lized many drawings from nature by a

naturalist-priest, Charles Plumier. who
had made his observations a century

earlier. The engravings were colored by
hand, employing a special technique to

achieve the metallic effect of the scales.

The task of selecting only twelve sub-

jects for reproduction from over four

hundred in the original edition must
have caused the editor of Fishes some
anguish, but no one could regret that tlie

almost unbelieveable rosy-orange and

pearly-gray "Bossu," which also forms

part of the cover design, was ammig
them. The fascinating descriptions of the

fish are slightly abbreviated translatiims

of the original text.

Although the fame of the pupil.

Pierre-Joseph Redoute (1759-18401,

eclipsed that of the master. Gerard van

Spaendonck (1746-18221. art historians

today are awarding Van Spaendonck the

honor that is his due. A native of The
Netherlands, Van Spaendonck emi-

grated to Paris, where he eventually be-

came official court painter and profes

sor. Only one album of engraved work,

Fleurs dessines d'apres nature, from

which the reproductions of the present

book. Flowers Drawn from Nature, were

made, was executed during his life-

time. In addition, there is a small group

of gouache and water-color drawings

on vellum, made for the royal collections

and now preserved in the National Mu-

seum of Natural History in Paris. Fron
Van Spaendonck. Redoute learned the

technique of painting flowers wit!

water color, rather than gouache, be

cause of the greater transparency anc

flexibility of water color in the shading

and blending of colors. From Var

Spaendonck, too, Redoute learned thi

method that the master had developet

for making prints of floral subjects

stipple engraving instead of line engrav

ing. Etching in dots instead of linei

made it possible to print in several color;

from a single copperplate. Of the twen;

ty-four in Van Spaendonck's origina

album, the sixteen plates reproducec

here seem to have been chosen for thei

variety of type and color, as well as fo

their inherent attractiveness. The for

mat of the book is larger (about 20 b;
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JLccept this matchlessly beautiful volume

-a $24.95 value for only $3.95-

, The

ol' Nam IV

• 380 oversize pages

• 340 pages of illus-

trations, many in full color

• Publisher's Price $24.95

THE DISCOVERY OF NATURE
Here is a truly opulent and exciting masterwork—a fascinating

visual history of the landmarks in man's quest for scientific

knowledge. Its hundreds of magnificent illustrations (many in

full color), accompanied by Albert Bettex's lucid text, bring to

life the greatest moments of discovery in the natural and
physical sciences. Reproduced with flawless accuracy, these

rare paintings, woodcuts, drawings, etchings, portraits, etc.,

were selected from the most famous archives of science and art.

In the over-sized pages of The Discovery of Nature, the tri-

umphs of science come alive: Lavoisier's experiments with

respiration, Harvey's discovery of the circulation of the blood,

Franklin's proof of the existence of atmospheric electricity,

and many others. This panoramic view of the unfolding world

of science has been hailed as "a rare book—one not to be

missed", "beautiful, lavish, and definitive." Yet this sumptu-
ous $24.95 value is yours for only $3.95—

when you enroll as a member of

The Natural Science Book Club
and choose one of these outstanding boo^s as your first Selection —

Will you accept this magnificent reference

work valued at $24.95 for only $3.95—
with your enrollment in The Natural Sci-

ence Book Club?
<«^

We hope you will join our thousands
of members in this unique book program
for all who delight in the natural world.

You will find The Natural Science Book
Club a splendid source of exciting and
beautiful books on animal life, nature,

astronomy, exploration, space flight, and
many other fascinating subjects. Rang-
ing from anthropology to meteorology,
from oceanography to zoology, the selec-

tions are authoritative, often opulent-
and always a pleasure to read.

To enroll immediately, and receive your
copy of The Discovery of Nature, simply
fill in the Membership Application at the

right, indicating your choice of a first

Selection. As a member, your only ob-
ligation will be to select as few as three

more books from the many that will be
made available to you—all at low Mem-
ber's Prices. And with every fourth book
you purchase, you will receive a free

Bonus Book of your choice.

^*
Why not act today? We look forward to

enrolling you as a member—and sending
your personal copy of The Discovery of
Nature.

THE SEX LIFE OF THE ANIMALS Herbert
Wenrff. Astonishing book on the vast, often
incredible processes of reproduction in the
animal world—from the amoeba to the ele-

phant. 100 striking illustrations. List Price

$7.95. Member's Price $5.95

THE GREAT AMERICAN FOREST Rutherford
Piatt. Eloquent story of our forests, showing
how they were transformed from a glorious

frontier into a vanishing wilderness. Over
50 woodcuts and photographs. List Price

$6.95. Member's Price $5.50

UNDERSTANDING ANIMALS Gerhard Crone-
feld. Absorbing story of animal behavior,
filled with rare and vivid stories. Over 150
pages of extraordinary photographs. List

Price 7.95. Member's Price $5.95

AUDUBON'S WILDLIFE Edited by tdwin Way
Teale. Magnificent volume containing 40
plates of Audubon's birds and mammals, re-

produced in full, folio size and in brilliant

color. With Audubon's own comments on
America's wilderness. List Price $15.00.
Member's Price $3.95

WATCHERS OF THE SKIES Willy Ley. A stir-

ring, lucid history of astronomy by the
popular science writer. Covers the great
achievements and figures of this fascinating
science. List Price $8.50. Member's Price

$6.75

MAMMALS OF NORTH AMERICA Victor H.
Cahalane. Covers the private world of over
1,500 mammals on this continent: their
breeding styles, feeding habits, life spans,

habitats, and more. List Price $7.95. Mem-
ber's Price $5.95

THE YEAR OF THE GORILLA George B.
Schaller. Enthralling account of a unique
expedition into the realm of Africa's moun-
tain gorilla. Many little-known facts on go-
rilla life. Remarkable photographs. List

Price $5.95. Member's Price $4.95

INSECTS Ross E. Hutchins. Panoramic, in-

triguing view of the little-known world of
insects: characteristics, social structure,
startling behavior, much more. Illus. List

Price 6.95. Member's Price $5.75

MEMBERSHIP APPLICATION

Mail to: THE NATURAL SCIENCE BOOK CLUB,
59 Fourth Ave., New York 10003

Please enroll me as a member and send a copy of The Discovery of
Nature (a $24.95 value) for only $3.95. Also send me my first Selection
as indicated, at the reduced Member's Price. As a member, I need buy
as few as three more books during the next 12 months, and I will receive

a free Bonus Book of my choice with every fourth book purchased.

First Selection .

Name



One of the great
wildlife epics
of our time
The authoritative, moving
chronicle of man's effort to save^
the bird that defies extinction i

WHOOPING

by Faith McNulty
Introduction by
Stewart L. Udall*
Secretary of the Interior

*"This book is the story of a
love affair," writes Secretary
Udall, "between a civilized,

sophisticated nation and an
enormous elusive bird. Faith
McNulty has written of the
whooping crane, a majestic,
regal, shy bird of the wilder-
ness, with great perception
and ability."

Faith McNulty dramatically
traces the crane's beginnings
eons ago in a world of vast
prairies and marshes and his
failure to adapt to the jugger-
naut of civilization—until to-
day the species, which num-
bers only around fifty, could
be irrevocably and swiftly
wiped out by mere bad luck.
Mrs. McNulty describes the
stubborn and dedicated ef-

forts of the U.S. Fish & Wild-
life Service, the Canadian
Wildlife Service, the National
Audubon Society, and many
others who, through their ef-

forts to save the cranes, have
made the survival of these
birds a matter of national
concern. 19 photographs, 8
drawings and 2 maps. $4.95

WINNER OF THE 1966
BUTTON ANIMAL
BOOK AWARD

i^ -1

DUnON
201 Park Avenue South
New York, N.Y. 10003

14 inches) than the others under re-

view ( 16 by 12 inches ) . In addition to

the informative introduction, the indi-

vidual entries reveal the vastness of Wil-

frid Blunt's knowledge in this iield, and

they are written in a lucid and engaging

literary style. History, poetry, significant

facts, anecdotes, and suitable quotations

are combined in a highly interesting

manner beneath a miniature outline ver-

sion of each flower to simplify the proc-

ess of relating text to plate.

Patronized by the Empress Josephine

and later by the Duchess du Berry, by

nature industrious and devoted to his

art, Pierre-Joseph Redoute is acknowl-

edged to have been a genius as a painter,

engraver, and entrepreneur of botanical

art. He left behind a prodigious quantity

of publications; among them Les Roses

is, without doubt, the best-known. The
garden at Malmaison, Josephine's estate,

provided him with several hundred vari-

eties of roses from which to draw, as

Josephine had made a special effort to

assemble a unique and truly glorious

collection. The original album contained

ANNOUNCING
A NEW FEATURE

In its next issue Natural History
will present the first article in a new
series, "Backyard Astronomer." This

will be a continuing course in the

methods and techniques of using the

small telescope. The new feature,

which will normally appear every

other issue, is written by James S.

Pickering. In his years as Assistant As-

tronomer at the American Museum-
Hayden Planetarium, Mr. Pickering
has taught countless amateurs how to

get the most out of telescopic viewing
of the night sky.

170 plates engraved in color, including

the floral wreath frontispiece that serves

most handsomely for the cover and the

title page of this new volume. The Best

of Redoute's Roses. The descriptions for

the reproductions are in French and are

taken from the botanical descriptions

made by Claude-Antoine-Thory to ac-

company Redoute"s engravings. Again,

in lieu of numbers, miniature illustra-

tions identify the text with the plates.

The admirable English introduction by
Eva Mannering gives the pertinent facts

about Les Roses and projects a vivid im-

age of Josephine and Malmaison.

The fourth book, Mr. Gould's Tropical

Birds, drawn from the next century, the

nineteenth, is a selection from the mon-
umental publications of John Gould
(1804-1881), an English ornithologist,

whose lifework produced the staggering

total of forty-one folio volumes contain-

ing nearly 3,000 lithographs of birds

from every part of the world including

the Himalayas, Australia, South Amer-

a totally new ooncept

LEITZ TRINOVID'

BINOCULARS
Some binoculars never let you forget they'r

weighing you down. Not Trinovids. Tliey fit con

fortably in your jacl^et pocket (taking little mor

room than your sunglasses). The popular 7x3
weighs only I8V4 ounces. That's lighter than coi

ventional models of much lower power.

What makes Trinovid such a standout? Leitz, usin

experience gained perfecting the renowned Leica

cameras, designed Trinovid with a special pris

and an unusual arrangement of optical element

The result is not only leaner, lighter glasses, bi

an image that is unusually clear and bright. 1

1000 yards the viewing field of the Trinovid 6x5

is 212 yards wide—
with 40% more area

than conventional

models.

Dustproof and remark-

ably water resistant,

this lightweight is

good for a lifetime of

heavy duty. Choose

from 4 models, 6x24,

7 X 35, 8 X 32, 10 x 40, at your franchised Lei

Binocular Dealer.

TRINOVID USUAL GLASS

E. LEITI. riC, III rARK ilVENUE SOUTH, REW TOHK. H.T. ItD
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How Monsanto helps kill insects

that chew up precious food

Insecticides from Monsanto
destroy every kind of insect
that destroys food.

When half of the people on earth
are hungry—and insects eat as
much as one-fourth of the world's
food crops— no one can afford to
feed insects.

The answer is good insecticides.

And Monsanto is now the world's
leading producer of parathion in-

secticides that are effective, eco-
nomical, remarkable in many ways.

These insecticides are applied

to millions of acres each year.
They control over 200 insect
species. Yet no important insect
has become immune to them. (Im-
munity is why many other insec-
ticides have departed from the
scene.) What's more, these insec-
ticides don't endanger the people
who eat the harvest. After they
work, nature's elements combine
to make them harmless.

Because Monsanto solves prob-
lems— farmers grow more, fabrics
last longer, the air is cleaner. In
over 90 countries, the Men from
Monsanto stand ready to help you.

Let the Men from Monsanto work for you



PAINT AS YOU

LEARN-and

start framing

your work

this very fall!
^^

NOWA VAILABLEINENGLISH!
Here it is! The fabulous Marlin-Barbaz "self-

teaching course" that is turning Frenchmen

from Paris to Provence into accomplished artists

. , . now ready to fill your weekends and holi-

days with creative joy.

This delightfully simple method lets you set

your own pace . . . learn rules the natural way
—by paintingi You'll marvel at the ease with

which lighthouses, bridges, summer friends, city

scenes ond natural wonders come to life on

your canvas. You learn . . . How to choose your

best subjects for still life, landscape, flowers,

portraits, nudes, marine and genre paintings.

How to make quick on-the-spot sketches. How to

master perspective. How to convey mood and

motion . . . render trees, mountains, rocks, water,

animals, people . . . reflections, rain, mist,

stormy skies, down, twilight, summer night . . •

Techniques of brushwork—and how to develop

your own original style. MUCH MORE!

FAST PROGRESS GUARANTEED!
Illustrated ORDER NOWl

THE HOLIDAY PAINTER
by J. Martin-Barbaz

54.95 Postfree. 10-day Money-bock Guarantee

EMERSON BOOKS, Inc., Dept. 16-R

251 West 19tli St., New York, N.Y. 10011

HANDCARVED IVORY PAINTED BIRDS
$6.95 P P.D. ea.: 2" long.
Wood Duck, Mallard, Canada Goose, Pheasant, Quail,
Owl, Golden Pheasant, Blue Jay, Cardinal (M & F),

Bluebird, Eagle Pelican, Oriole, Kingfisher Penguin,
Titmouse, Tanager, Goldfinch

Unpainted Ivory Animals—2*4" long
$7.95 P. P.D. ea.:

Camel, Walrus, Kangaroo, Polar Bear, Fox,
Rhinoceros, tflppopotamus, Elephant, Lion, Tiger,

Deer, Bison, Seal, Dragon



THE HIDDEN DIMENSION is about a new science
called proxeniics —^'one of a few extraordinary

books that . . . should be read by
every thoughtful person." —Chicago Tribune

Walruses don't mind close quarters.

Like pigs and parakeets, they enjoy
huddUng together and require phys-
ical contact in their environment.
Most humans, however, could not
live happily for very long under such
crowded conditions.

The theory of proxemics

Space relations between people, and be-
tween people and objects, are assuming
crucial importance as the world gets
smaller and the population grows larger.
In The Hidden Dimension, Edward T.
Hall, professor of anthropology at the

;
Illinois Institute of Technology and au-

I

thor of "The Silent Language," undertakes
:
for the first time to ask and answer some

i

fascinating questions about man's han-
jdling of personal and public space — a sci-

I

ence he calls proxemics.

Simply stated. Dr. Hall advances the

j
theory that a man occupies a larger space

I

than that bounded by his skin. To function

I'

without undue stress he must have a sur-

I rounding "bubble" of space. If the bubble
is reduced or invaded, radical changes in

: behavior occur.

.Experiments in the animal world show
(that group stresses in overcrowded condi-
jtions lead to ugly results. Rats, for in-

stance, turn cannibalistic. Studies of hu-
Tian overcrowding indicate that in the
long run the effects are only a little less
ierious.

The clash of cultures

Though man is physiologically one spe-
;ies, proxemic patterns show wide dispar-
ity. When a stranger gets too close to an.
American, there's likely to be a proximity
explosion. In Arab countries, on the other
land, not breathing in a person's face
vhile you're talking to him is a serious
nsult.

Bladen

The Hidden Dimension shows how many
kinds of behavior which we ascribe to in-

eptness, boorishness, or lack of interest

are simply cultural differences of which
we aren't aware.

Dr. Hall notes that a German, for in-

stance, will go to almost
any lengths to preserve his

"private sphere." And his

"bubble" is considerably
larger than most people's.

One newspaper editor
who moved to the United
States had his visitor's

chair bolted to the floor

"at the proper distance"
because he couldn't toler-

ate the American habit of
adjusting the chair to the
situation.

Even the way we perceive
space through eyes, ears,

nose, and touch, varies
widely. Deodorized Americans virtually
close off their olfactory sense, which, in

other cultures, is an important communi-
cation channel enfolding those who want
to relate and separating those who don't.

And Englishmen, taught to focus their

eyes intently on a companion during con-
versation, have trouble knowing if Amer-
icans, taught not to stare, are listening to
them.

The Hidden Dimension is crucial

How we handle personal space is a vital

factor in every business transaction, in the
way we arrange furniture and appliances,
in architecture, urban renewal, and city
planning.

The American office, for example, con-
tains three "hidden zones." Movement re-
stricted to Zone I is experienced as
cramped. An office the size of Zone II is

considered "small." An office within Zone

III is ample. An awareness of the existence
of these three zones could make the differ-

ence between useful, fruitful work and ap-
parent incompetence.

The Hidden Dimension opens the door
to a new social and psychological science.
It is that rarest of volumes — one that puts

forth a genuinely new scientific con-
cept of permanent significance. "A
careful reading," says the Chicago
Tribune, "is bound to tear up poli-

tical glibness and ideological cant,
and this must happen before we can
emerge from the nineteenth century
free of shackles that now bind our
feelings and ways of acting."

Readers of Natural History are in-

vited to examine a copy for two
weeks without obligation. If you
don't agree that The Hidden Di-
mension is an important, fascinat-
ing, and valuable book, you may
return it and owe nothing.

FREE EXAMINATION COUPON

To your bookseller, or
DOUBLEDAY & COMPANY, INC.
Dept. 6-NH-lO, Garden City, N. Y. 11531

Please send me copies of The Hidden
Dimension. I understand that I may re-
turn the book(s) within two weeks and
owe nothing. Otherwise, you will bill me
just $4.95 per copy plus shipping charges
as payment in full.

NAVIF

ADDRESS-

CITY

STATE- -ZIP CODE.
SAVE ^^"' payment now and we pay

postage. Same retur
guaranteed.

urn privilege
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The accounts they cite of wildlife

along these shores when first explored by

Europeans are almost incredible today.

As elsewhere on this continent, the natu-

ral wealth seemed inexhaustible. Yet the

exploitation has been accomplished, and

much is irretrievably lost. And in their

final chapter the authors bring this story

of waste and spoliation up to date in

what amounts to an eloquent argument

for ecological understanding and intelli-

gent conservation.

Along the way, however, they give a

splendidly informed and comprehensive

picture of the geology, hydrology, bot-

any, and zoology of the long shoreline

and its borders. This phase of the book

makes it a must for those who would

know not only what is there but where

and how and why. The birds, the ani-

mals, the fish and crustaceans, the

plants, and even the insects are here and

properly detailed. The big picture is

brought down to sharp focus on the spe-

cific in paragraph after paragraph, a

high achievement even for these two able

naturalists. And, for all the detail and in-

formation, the book is wholly readable

from end to end. It sets the pattern for

what could be a series of studies of vari-

ous areas of America. If such a series

isn't planned, it should be.

The book's black-and-white illustra-

tions by Edward and Marcia Norman are

excellent and splendidly complement the

text. There are occasional pages where

closer editing would have helped, one of

the usual hazards of any collaboration.

The book is rounded out with a good list

of suggested supplemental reading and a

detailed list of some fifty areas worth

knowing along the North Atlantic coast.

Hal Borland
Author and Naturalist

Birds Around the World, by Dean
Amadon. The Natural History Press,

$3.95; 175pp.,illus.

THERE is a great deal of technical

literature dealing with the factors

responsible for the distribution of birds.

Dean Amadon, Chairman of the Orni-

thology Department of The American
Museum, brings the results of these

recent studies to a wider circle of readers

in this attractive little volume. Its sub-

title. A Geographical Look at Evolution

and Birds, focuses clearly on its con-

tents. Such a look raises all sorts of

questions that have long intrigued the

traveling bird student. Why are the birds

of the otherwise so similar tropical rain

forests of Malaya, Africa, and South

America so different? What determines

the limits of species ranges in contin-

uous areas, such as continents? Where
does the regional zoogeographer place

THE PARROTS
OF AUSTRALIA
A Field Guide to Identification

and Habits

W. R. Eastman, Jr. and A. C. Hunt

This lavishly illustrated book has been eagerly awaited.

There is a color plate for each of the 60 species, plus many

photographs in color and black and white. $12.50

LIVINGSTON PUBLISHING COMPANY
Narberth, Pennsylvania 19072

Inquire about our other natural history titles, including THE BIRDS OF
COLOMBIA, PENNSYLVANIA BIRDS, CARIBBEAN SEA-SHELLS,

FURRED ANIMALS OF AUSTRALIA, FISHES OF THE GREAT
BARRIER REEF.

islands like Madagascar and New Zea-

land? What is the relative importance of

vegetation and climate? Why are some
birds common and others rare?

Against the background of such ques-

tions, Amadon guides the reader through
our accumulated knowledge of ornitho

geography. The understanding of the

causal factors responsible for patterns

of distribution has been growing rather

slowly. However, it is now generally ac

cepted that a biogeographic phenom'
enon is always the simultaneous product

of ecological (environmental) and evo-

lutionary (historical) factors. The re-

spective roles of niche requirements, the

significance of barriers, the effect of

predators and parasites, all these and
many other factors are engagingly dis

cussed by Amadon. Having traveled in

many continents and having studied the

bird life of all of them, the author has a

rich store of examples with which to il-

lustrate his analysis.

The chapter headings nicely indicate

the topics dealt with: "First Principles";

"The Effect of Physical Barriers"; "Eco-

logical Requirements"; "Harmful and

Beneficial Factors"; "Species Dynamics
and Distribution"; "Distribution of

Higher Systematic Categories"; "Geo-

graphical Patterns of Distribution

Faunas": and "Ecological Systems ol

Classifying Distribution."

Share Hie Thrills

01 Exploring f
ouier space •
All DYNASCOPES, including this

superb RV-E, 6-inch available
on easy terms!

Now it's easy to join the thousands of serious

amateurs. who have discovered the excitement
'J

of exploring our mysterious universe. Your en- "

joyment begins right from the start, yet the

challenges and rewards go on for years! And
it's a hobby that can be shared at modest cost.

Choose from a Full Range Of
DYNASCOPES^ 4 " Starting at $49.95

Picking a telescope to fit your needs and your

pocketbook is simple when you select a

DYNASCOPE — the same instruments used by

more than 150 schools, colleges and observ-

atories. Prices begin as low as $49.95, and
your satisfaction is guaranteed by a full-

refund warranty.

FASCINATING GUIDE
YOURS FREE!

Read these valuable facts be-

fore buying any telescope. Mail

coupon or postcard for your
complimentary copy of this

helpful guide.

Criterion Manufacturing Co.

331 Church St., Hartford 1, Conn

®TM Registered U.S. Pat. Office

i CRITERION MANUFACTURING CO.

I Dept. NH-68, 331 Church St., Hartford 1, Conn.

Please send your free Telescope Guide.

1 Name

Address.

City _State_
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When we introduced
this camera, it was

nearly perfectNow read
what we've done in

the 30 years since.

The first Bolex H-16 16mm camera appeared in 1936. It was
the most advanced camera of its day. It had such profes-

sional features as automatic threading, film rewind, vari-

able speeds, single-frame exposure and a three-lens turret.

Although it was extremely popular, we decided the Bolex
had an even greater potential. So in the early forties, we
added a super-accurate frame counter. Later we included

the Registrator Claw to make Bolex films the steadiest in

the world. And full reflex focusing and viewing. A variable

shutter so you could fade, dissolve, and have greater con-

trol over exposure. And a filter slot so you could use one

filter to accommodate every lens on your turret.

Today's Rex-4 has an improved reflex viewfinder, giving

a full lOX magnified image. And a single-frame shaft for

synchronization with audio equipment. The Rex-4 accepts

a number of electric motors for shooting long sequences.

And a complete range of lenses from 10mm wide angle

through extreme telephoto, including macro and zoom
lenses. Add the Vario-Switar 86EE zoom and the Rex-4

becomes the world's only professional camera with fully

automatic exposure control—with today's Rex-4 system,

you can do virtually anything!

Most of those original 1936 Bolex cameras are still in use.

That's how rugged our cameras are. Try our "improved"
model—it may have taken us 30 years to do <ar Kg^n^x"
it, but we think we've got the perfect cam-
era at last. A copy of the Rex catalog will

tell you all. Write Paillard Incorporated,

1900 Lower Road, Linden, New Jersey
07036.

Suddenly it^ 450 B.C.
You're sitting under the stars on a lovely Greek night in the

beautiful theater of Epidaurus. A hush falls over the audience.
The chorus enters and begins chanting the first haunting lines

of Oedipus ftex. The play begins. Suddenly, it's 450 B.C.

Go back to the beginnings of our world — to its very roots.

Come with us to those ancient lands where the past can be
heard, seen, almost felt.

Come to Greece. Walk along those ancient Athenian streets

where the flaming words of Pericles ignited that first glimmer-
ing torch of democracy. Journey to beautiful Delphi. Climb to

the very spot where the Oracle predicted the fate of men and
feel as the Greeks felt— close to the gods. Cruise in the deep-
blue, fabled waters of the Mediterranean and visit the incred-

ibly beautiful isles of Greece. And, like Odysseus, hear the

siren-call of these almost unreal islands. Lufthansa's Cruise
of the Eastern Mediterranean starts at $729.*

Fly to Egypt and cruise up the endless Nile on the beautiful,

new m.s. ISIS or m.s. OSIRIS on our Journey Into Antiquity.

Discover the awesome beauty of the great archaeological
monuments of the Nile — Sakkara, Dendera, Esna, Edfu, Kom
Ombo. Explore the very depths of these temples and marvel
at the heights man can climb to when his mind and body are
kindled by the fire of religious belief. Lufthansa's Journey
Into Antiquity tour, which includes trained archaeologists as
guides, costs as little as $1,397.*

Go further into the Holy Lands. Stand on Calvary. See for your-
self the streets of Bethlehem—streets that have hardly changed I

'["Prices based on 14-21 day ITX Economy Excursion fare from NYC, when applicable.

in 2000 years. And like many pilgrims before you, retrace the

steps of the Wise Men. The special kind of beauty here is both
seen with the eyes and felt with the heart. Lufthansa's Bible

Land tours start at $980.*

Pick the tour that fits your needs in terms of destination and
price. Then fly with Lufthansa back into the past. For more
information, call your Travel Agent or mail this coupon.

I 1

Lufthansa German Airlines, Dept. 01
41 Park Avenue, New York, N. Y. 1 0022

Gentlemen: Please send me further information on:

D The Cruises to Eastern Mediterranean Q Bible Land

D Journey Into Antiquity D Have your Tour Expert contact me

Name

Address-

City

State-

Zip-

My Travel Agent Is-

-Ptlone-

Lufthansa
German Airlines
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Overseais
IVature Toors
-1966-

For six years we have been organizing group
trips to investigate the natural history of Europe,
Africa and the rest of the world. Chief purpose

so far has been to see birds, including as many
rare and difficult species as possible. However,
a full ecological picture is sought, with attenUon
to botany, geology and archaeology where appro-
priate. Here is the program for 1966:

- EUROPE -
NORTH WITH SPRING ON THE CONTINENT:

Start in southern France and move north with
bird nesting and spring flowers in Switzerland,
Austria, Germany and Holland. 1966 closed; next
tour in Mav 1967. Four wpelcs-

BRITAIN: Nature highlights of England, WalM
and Scotland at peak of bird nesting season. 1966
closed: next tour in June 1967. Three weeks.

SCANDINAVIA: ThriUing circuit of the Far
North: Norway's mountains, fjords and islands;

North Cape and the midnight sun; Lapland and
Sweden. Two 1966 departures-June 11 and Jrme
25. Four weeks. Also spring, 1967.

ICELAND: Arctic wildflowers, northern nesting

birds and seabird cliffs, against a weird back-
ground of volcanoes, geysers and waterfalls. Two
departures—June 11 and July 2. Optional exctir-

sion to Greenland after each tour.

- AFRICA -
BIRDS OF AFRICA: Circuit of west, south and

east Africa. Emphasis on birds ( 670 species on
last tour) and spectacular mammals. Ex-Belgian
Congo, Cape of Good Hope, Kruger Park, Vic-
toria Falls; choice nature spots of the less

crowded, less promoted parts of the continent,

plus all the important animal resenes of Kenya,
Uganda and Tanzania. July 30; four weeks plus

optional extra time in East Africa.

-SOUTH AMERICA

-

COLOMBIA, ECUADOR & PERU: Tropical coast,

high Andes, upper Amazon Valley, Machu Pic-
chu, and an ocean trip into the Humboldt Cur-
rent, Sept, 24; three weeks.

CHILE & ARGENTINA: The southern Andes,
Stiaiis of Magellan, Tierra del Fuego as far as

Ushnaia, Patagonia, Bariloche and the Argentine
lake rlistrict. October 15; 3 weeks.

BRAZIL: Broad coverage of one of the great
bird countries of the world. Iguazu Falls, Mt.
Itatiaia, Organ Mtns., Rio, Mato Grosso and the
Amazon from Manaus to the sea. Nov. 5; 3 weeks.
GUIANAS & VENEZUELA: Jungle trips in Suri-

nam & British Guiana, Angel Falls in Venezuela,
coastal mtns. of Colombia. Nov. 26; 3 weeks.

- COMING LATER -
EUROPE: "Birds of the Mediterranean": high-

lights of Southern European birdlife from Gibral-
tar to Istanbul. "Birds Behind the Curtain":
litde-visited regions of Poland, Czechoslovakia,
Hungan,, Bulgaria, Rumania and Russia.

SOUTH PACIFIC: Four consecutive 3-week tours

in fall of 1967: Birds of Melanesia; Western Aus-
tralia; East & South Austraha; New Zealand.

ASIA: Four consecutive 3-week tours in spring
of 1968: India & Nepal; Southeast Asia; Philip-
pines, Hongkong & Formosa; Japan.

-NORTH AMERICA TOURS

-

TEXAS-MEXICO: Bird highlights of Texas coast
. and X.E. Mexico: 2 weeks. March 25, 1967.

ARIZONA: Richest part of U.S. for rare bird
species: 2 weeks. May 21, 1966; May 13, 1967.

FLORIDA: Two-week circuit of chief bird local-
ities of the state, from Tallahassee to Key West
and the Dry Tortugas. Jan. 21, 1967.

SIERRAS & COAST RANGES: North with spring
from condor country of Calif, to Vancouver; 3
weeks. June, 1967. Similar Rockies tour in 1968.

ALASKA: Grand tour of nature spectaculars
of the state, including Arctic coast, the Aleutians
and the Pribilofs. July 1967; 2-wk. and 4-wk.
versions.

NEWFOUNDLAND-LABRADOR: Bird islands of
the northeast; Newfoundland and Labrador coast.
June 1968.
YUCATAN: Mexican Yucatan, British Honduras,

Peten Jungle of Guatemala. 2 wks.; March 1967.
MEXICO: Six regional tvvo-week tours cover-

ing six different ecological areas.

Come along! . . . Intimate, private groups, expert
leadership. We seek out back-country routes, try
ior an experience-in-depth of the natural scene and
the people. (Not recommended if you're strong for
night life.)

Crowder Nature Tours
Box 1760-a Washington, D.C. 20013

Admitting the importance of vegeta-

tion as an important causal factor in dis-

tribution. Amadon is nevertheless not

happy with the biome theory, w^hich he

subjects to a critical analysis. Here and

elsewhere the outlines of future research

are indicated.

The subject matter throughout is dealt

with in clear and simple language. The

factual information is reliable, and I

have not found any real errors, although

I would have preferred to characterize

Weber's Line (an imaginary line that

separates distinct faunal groups) in the

terms used by Amadon to define Wal-

lace's Line—"as passing between the ad-

jacent Lesser Sunda and Spice Islands

off New Guinea and separating the Ori-

ental and Australian regions."

The volume fulfills admirably its pur-

pose of introducing the reader to the

subject of bird geography. Every reader

will be stimulated to think about the

problems of bird distribution. Those who
will want to follow up some of the ques-

tions in the more technical literature will

be grateful for the bibliography the au-

thor has supplied. Amadon's volume fills

a gap in the bird literature pleasantly

and very competently.

Ernst Mayr
Museum of Comparative Zoology, Harvard

The New Museum, by Michael Brawne.

Frederick A. Prefer, $20.00; 208 pp.,

illus.

THE subtitle of this elegant book,

Architecture and Display, reveals at

once where the author's heart lies. The

question Mr. Brawne poses is: "Should

the museum be a work of art in its own
right or a neutral entity?" He then

shows that he doesn't really care so long

as the photographs of his selected muse-

ums are both dazzling and beautiful.

The result is a cofFee table production

of what's new in chic museums—which
means, of course, mostly art museums.

There is very little "nuts-and-bolts"

information in the book, and it would
have been better, perhaps, to have at-

tempted none at all. (The two pages de-

voted to exhibit labeling, for example,

are ludicrous. I However, this does not

mean that the book is without some prac-

tical value. It is useful and inspirational

for designers to have an illustrated

compendium of new museum concepts to

study. The reproduction, especially of

the plans, is better than that of the only

other similar work, Musei, by Roberto

Aloi (Hoepli. Milan, 1962). It is also a

delightful, expensive souvenir for well-

traveled contemporary museum buffs.

Truly international in selection, the text

is in English and German, and the typog-

raphy is in the highest fashion of hard-

to-read German sans-serif.

Gordon Reekie
The American Museum

Design in

the unseen

pinEmi!

OF LIFE

by WILLIAM M. HARLOW
Prologue by Dr. Paul B. Sears

Through 84 magnificent black-and-

white photographs, with explanatory

text, this remarkable book discloses

complex and beautiful designs un-

recognized by the naked eye but

clearly seen under moderate magni-

fication. Dr. Harlow's photographs,

revealing the diversity of forms, pat-

terns and textures in familiar plants,

trees and flowers, were taken with

35 mm. and 214" x 2Vi" format cam-

eras, in most cases with close-up

lenses. At your bookstore, $6.95

*'Row
New York, N.Y. 1001

i^

TOLid Cf.Lame.1^
-^ A Springbok Circular Jigsaw
"^. Puzzle'^^ Brings Outdoors Indoors
-1J'' Maynard Reece, wildlife authority and

painter, has combined desert, woodland
\_i"^ and meadow blossoms in a colorful and

accurate circular design for puzzlers.
^.^^ Each flower is identified on the box.

r-i Send for catalog of $3.50

->. nVER 50 SUSJECTSJVAILAdLj,

^ 1
~~

• BACCHUS MOSAIC
^/> A third century Roman mosaic of the

wine god with his attributes. Incredible
>0 detail!

• BUTTERFLIES
25 species in breath-
taking color by Jean
Day Zallinger flut-

ter in exciting cir-

cular puzzle.

• ZODIAC
18th cent, chart of
Southern Hemi-
sphere — descrip-
tion by Dr. K.
Franklin, Hayden
Planetarium.

• SONGBIRDS
Stunning aviary of
30 colorful birds by
Eckelberry makes a
singing puzzle.

•CONVERGENCE
World's most diffi-

cult jigsaw puzzle
by Jackson Pollock,
America's great ac-
tion painter.

X^'.. $3.50 At Belter Department. Gift,

t^. Stationery and Book Stores

L^/> or send SS.50
\^j plus 50^ postage and handling to:

b SPRINGBOK EDITIONS*
p^j^ Dept. NHl, 500 Fifth Avenue, N.Y.C. 10036
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Four important new additions to [PRAEGER'S

highly innportant books in archaeology—

The ANCIENT PEOPLES AND PLACES

"For several years Praeger
has been publishing one of

the most interesting series of

books In the trade, Ancient
Peoples and Places, underthe
general editorship of Glyn
Daniel. . . . They are beauti-

fully produced and illustrated

and relatively inexpensive for

what they offer."

—Kenneth Rexroth,
in Book Week

The four new titles

1. THE MAYA
MICHAEL D. COE. The Maya were the most advanced of the

American Indians and one of the most Important of the New
World civilizations. The author, Associate Professor of Anthro-

pology at Yale, makes use of recent archaeological finds to

describe Mayan life and art. ca. 250 pp. ca. 75 photogs.. Index.

November

'2. THE GEORGIANS
[DAVID MARSHALL LANG. A detailed study of the Georgian

•people of the Caucasus from the Lower Paleolithic Era through
jtheir conversion to Christianity and their emergence as a civ-

jilization rich in epic, romantic, and historical writings. The
author is Professor of Caucasian Studies at the School of

Oriental and African Studies, University of London, ca. 250 pp.

74 photogs., 41 line drawings, maps, table. November

3. REPUBLICAN ROME
A. H. McDonald. The dramatic history of Republican Rome
from the founding to the years when Rome was mistress of

the Mediterranean and then through the century of its de-

cline. Dr. McDonald was formerly Professor of Ancient World

History at Sydney University, ca. 220 pp. 88 photogs., 12 line

drawings, maps, table. Just published

4. ARCHAEOLOGY UNDER WATER
GEORGE F. BASS. In this general introduction to the exciting

new science of underwater archaeology, American archaeol-

ogist George Bass discusses underwater search and survey,

draining and raising operations, salvaging artifacts and pre-

serving underwater finds, and mapping and recording under-

water sites. 224 pp. 63 photogs., 44 line drawings, maps.

Just published

the EGYPTIANS
:yril Aldred

THE VIKINGS
lolger Arbman
THE IBERIANS

^ntonio Arribas

TROY AND THE TROJANS
:arl W. Blegen

. THE ETRUSCANS
taymond Bloch

0. THE ORIGINS OF ROME
iaymond Bloch

1. SICILY Before the Greeks
Revised Edition
.. Bernabo Brea

2. PERU Revised Edition
i. H. S. Bushnell

3. CELTIC BRITAIN
Jora Kershaw Chadwick

4. EAST ANGLIA
I. Rainbird Clarke

15. MEXICO
Michael D. Coe

le. THE GREEKS IN IONIA
AND THE EAST
J. M.Cook

17. THE GREEKS UNTIL
ALEXANDER
R. M. Cook

18. THE MEDES
AND PERSIANS
William Culican

19. WRITING
Its Origins and Early History
David Diringer

20. SOUTHERN AFRICA
During the Iron Age
Brian M. Fagan

21. SOUTH WEST ENGLAND
Aileen Fox

22. THE SALTS
Marija Gimbutas

PREVIOUSLY PUBLISHED
23. THE EARLY CHRISTIANS
Michael Gough

24. THE CANAANITES
John Gray

25. SARDINIA
Margaret Guido

26. THE PHOENICIANS
Donald Harden

27. POLAND
Konrad Jazdzewski

28. JAPAN BEFORE
BUDDHISM Revised Edition

J. Edw/ard Kidder, Jr.

29. THE LOW COUNTRIES
S. J. de Laet

30. ECUADOR
Betty J. Meggers

31. CZECHOSLOVAKIA
Jiri and Evzen Neustupny

32. NEW GRANGE
And the Bend of the Boyne
Sean P. O Riordain
and Glyn Daniel

33. EARLY CHRISTIAN
IRELAND
Marie and Liam De Paor

34. THE CELTS
T. G. E. Powell

35. COLOMBIA
Gerardo Reichel-Dolmatoff

36. SWEDEN
Marten Stenberger

37. WESSEX
Before the Celts

J. F. S. Stone

38. THE BYZANTINES
David Talbot Rice

39. THE SELJUKS
In Asia Minor
Tamara Talbot Rice

40. THE MYCENAEANS
Lord William Taylour

41. THE ART OF THE
ROMANS
J. M. C. Toynbee

42. CENTRAL AND
SOUTHERN ITALY
Before Rome
David H. Trump
43. CHINA
Before the Han Dynasty
William Watson

44. BONES, BODIES
AND DISEASE
Evidence of Disease and
Abnormality in Early Man
Calvin Wells

45. EARLY INDIA AND
PAKISTAN
Sir Mortimer Wheeler

46. THE ANGLO-SAXONS
David Wilson

Each volume, magnificently illustrated, $7.50. At your bookstore, or use the coupon now.

FREDERICK A. PRAEGER, Publishers, 111 Fourth Avenue, New York, N.Y. 10003

Sirs: Send me, postpaid, a copy of each of the numbered
titles, listed above, I have circled here. Each volume is

priced at $7.50. M^ Q check D money order for $ .

is enclosed.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

34 35 36 37 38 39 40 41 42 43 44 45 46

Name_

Address^

City, State, Zip -.—
New York residents, please add sales tax
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DEGAS, RODIN,

MICHELANGELO
IN YOUR

HOME? ,,'

BESOUtfCESIAND LEGISLATION

Now you can truly afford a
masterpiece — sculpture that
has lived in the world's great

museums and private collections
can now live in your home.

Every fine detail of these su-
perb sculpture pieces has been
permanently captured in authen-
ticated reproductions. Choose
from stunning examples of every
period: Greco-Roman, Egyptian,
Primitive, Renaissance, Impres-
sionist, and Contemporary. And
select unique fashion accessories
from an exquisite collection of
museum jewelry in replica.

For our exciting catalog of over
125 photographs and descrip-
tions, send 250 in coin.

586 Fifth Ave., New York City 10036

NEW AGE SUNDINER
New-Age Sundiner (amaz-

ing solar energy grill)—

Never needs fuel. Sun
cooking is the Space Age
way to cook outdoors. I-

SUNDINER permits you to top energy from
sunlight and convert It Into clean, even heat.

Ideal for campers, picnickers, explorers-
Reduces the hazard of forest fires—Also

seeking fuel for cooking outdoors.

low price $20.00 ea. F.O.B.,

N.y., N.Y. -Certified Check

or Money Order, Only,

SPORTS EQUIPMENT CORP.
220 FIFTH AVENUE

NEW YORK, N. Y. 10001

TEL: 212 683-5584

MAKE JEWELRY .1%
I

EARH BIG MONEY <

IH YOUR SPARE TIME! V
THIS IS THE CATALOG

THAT MAKES IT ALL POSSIBLE!

EASY TO DO . . .

no special skills required.

EASY TO SELL . . .

because your creations are

different — no two need
he alike!

SELL your creations for 2 to 5 times as much
as you paid for them. Make jewelry in your
spare time . . .

This FREE CATALOG contains everything
you need . . . ALLOWS YOU to buy all the
parts and by adding your spare time helps ^ i^'
you create easy saleable jewelry.

"^'^T*Wi
Start today . . . don't delay. Send for the ^^ [5^^
hobby-craft's biggest and best catalog. Get W t^.-.
your FREE copy of GRIEGER'S CATALOG
now. No obligation - contains over 10,000
items . . . loaded with pictures.

Act now . - - and start earning, bip.'



ALL RECORDUS ARE ALIKE?
NOW COMPARE

THE "BIG 4"

RECORD CLUBS

Record Club of America gives you All Labels ... at 33'/3% savings ... and often

upto75%...AND DOESN'T FORCE YOU TO BUY EVEN A SINGLE RECORD

(Ai Advertited
in PlATBOr

lanuarir 1966)

(As Advertised
in McCALL'S

Fetiruarf 1966)

CAN YOU CHOOSE FROM ALL LABELS

INCLUDING LATEST RELEASES?

(At Advertised
in PARADE

Janujrir 16. 19661

RECORD CLUB OF AMERICA

^ NO ^ NO ^ NO iYES!

MUST YOU BUY A "MINIMUM"

NUMBER OF RECORDS? HOW MANY?

CAN YOU BUY ANY RECORD

YOU WANT AT A DISCOUNT?

DO YOU EVER RECEIVE

UNORDERED RECORDS?

HOW LONG MUST YOU WAIT

FOR SELECTIONS TO ARRIVE?

If Record Club

fhere is no catch

!

k Choose any LP ... on any label!

No exceptions . . . Mono and Stereo— Including latest releases!

k No "quotas" to buy!

Take records — or 100!

> SAVE— never less than 33V3%
off list... often up to 75%!

^ All orders processed same day
received — no long waits!

k Every record brand new,

first quality, factory fresh

— and guaranteed fully returnable!

Choose any LP, on any tabel! Mono and Stereo! No exceptions!
Over 300 different manufacturers including CAPITOL, COLUMBIA I

RCA VICTOR, ANGEL, VOX, VERVE, DECCA, LONDON, etc.
Even latest releases are available at once — no waiting.

8 M MONE! No obligations! No yearly "quota"! Take as many,
as few. or no records at all if you so decide!

NO Mo I NO I ALWAYS!
Your discounts are never less than 33V3% —
and are often as high as 75°o — on every
record you buy! No exceptions!

YES IYES ^YES I NEVER!
There are no cards which you must return.
Only the records you want are sent—
and only when you ash us to send them

!

5to6t5to6
WEEKSfwEEKSl

5 to 6

1

' WEEKS! NO LONG WAITS!
YOUR ORDER PROCESSED
SAME DAY RECEIVED!

of America is that good -

Here is truly one Record
TYPICAL "DOUBLE DISCOUNT" SALE

$3^9 and'jV.OS ^^ST SELLERS ... ONLY $1.89 & $1.98

Tijuana Brass
Al Hirt

Bill Cosby
Sugg. List Price
$4.79 and $4.98

Frank Sinatra

Arthur Fiedler

Sugg. List Price
$4.98

Ferrante & Teiclier
Peter, Paul & Mary
Sonny & Cher

The Supremes
Henry Mancini
The Righteous Bros,

BEST SELLERS... ONLY $2.39 & $2.49

Ramsey Lewis
Segovia

...ONLY $1.77

Getz-Gilberto
Birgit Nilsson

Everest & Vox
Cfassical Albums

. . . plus more than V2 off on famous labels: Audio Fidelity,
Command, Westminster, Roulette, Mercury, Angel, MGM,
Verve, Deutsche Grammopbon and others . . .

'T LASTI A RECORO CLUB >VITH NO
(lis is the way YOU want it - a record club with
1 strings attacheiJ! Ordinary record clubs make
3U choose from just a few labels — usually their

(vn labels! They make you buy 5, 6, or more
xords a year (at full price!) to fulfill your "ob-
gation". And, if you forget to return their month-
card — they send you a record you don't want,

Id a bill for $5.00 or $6,00!

But Record Club of America Ends All That!

law you can choose any LP , . , on any label. Take
i many, or as few, or no records at all if you so
Jcide, And you get discounts of at least 331/3%
and often up to 75%— on every album! That
eans you buy all $3.79 and $3,98 LP's at $2,39;
1.79 and $4,98 LP's at $2,99; and $5.79 and
5,98 LP's at just $3.69, plus a small charge for

jjstage and handling. To join, mail coupon with
leck or money order tor $5. This entitles you to
FETIME MEMBERSHIP in Record Club of America
and you never pay another club fee!

.ook What You Get Immediately by Return Mail

) LIFETIME MEMBERSHIP CARD, which guarantees
lu LP albums at dealer cost . , , guarantees you
scounts of at least 33V3% -and as high as
5% — on every record you buy!

) FREE 300-page Schwann Catalog to pick your
cords from. The Schwann Catalog is an inde-

indent publication listing all LP's available. Over
)0 different labels, over 30,000 albums,

) DISC®, the Club's FREE magazine which reg-

"OBLIGATIONS"—ONLY BENEFITSI
ularly supplements Schwann's listings and keeps
you informed of extra money saving "double-
discount" specials.

Your order is PROCESSED SAME DAY we get It! No
long waits. No monthly cards to return, so you are
never shipped unordered records. Every record
GUARANTEED brand new, first quality, factory

fresh! You must be completely satisfied — or every
record fully returnable!

Money Back Guarantee
If you aren't convinced our discounts are as big as
we say (check us to the penny on this!) . . . that
our range of selections is the biggest anywhere
(over 30,000 albums every month!) ... or even if

you've simply changed your mind— return all items
within 10 days and your membership fee will be
refunded promptly and in full!

Over 600,000 music lovers— plus leading schools,

libraries and other budget-wise institutions—now
save money this sensible way through the only

record club with no strings attached! Join now
and save. Mail coupon to: Record Club of America,
1285 East Princess Street, York, Pa. 17405.

"Where's the catch?

Club with no restrictions

FREE! 300-page Schwann Cat-

alog to pick your albums from

when you join Record Club of

America

GIANT CATALOG lists all records of all

manufacturers. Over 300 labels with
discounts from 331/3% to 75% — Ovei

30,000 albums - CLASSICAL, instru

mental and vocal—POPULAR, vocal and
instrumental - JAZZ - FOLK - SOUND-

TRACKS, Broadway and Hollywood-SPOKEN WORD-
ROCK-n' ROLL-COMEDY-RHYTHM & BLUES-COUN
TRY & WESTERN-DANCING-LISTENING...

RECORD CLUB OF AMERICA
1285 East Princess Street,

I_
York, Pennsylvania 17405

Yes! Send FREE Schwann Catalog, DISC®, and LIFE-
TIME MEMBERSHIP CARD, Enclosed is $5, which

\® X-730

entitles me to buy any LP in the Schwann Catalog
or DISC® at discounts of at least 331/3% and as
high as 75%, plus a small postage and handling
charge, I may take as many or as few, or no rec-
ords at all. No yearly "quota". I may, for any
reason, return items within 10 days for full refund
of membership fee!

D Yes! Add GIR MEMBERSHIPS at $2.50
each to my request. Send to names and addresses
on attached sheet.

I enclose $_ .covering my $5 lifetime
membership and any gift memberships at $2,50
each.

Print

Name

Your membership entitles you to buy or offer
gift memberships to frienijs, relatives, neigh-
bors for only $2.50 each with full privileges. You
can even split the total: Your membership and
one gift membership divided equally brings the
cost down to $3,75 each. The more gift mem-
bers you get—the more you save! See coupon
for your big savings.

Address.

City. -State. Jip.
Over 600,000 enthusiastic members including
schools, libraries and other institutions.
ALL ORDERS PROCESSED SAME DAY RECEIVED. AL-
BUMS COME TO YOU FACTORY FRESH, YOUR SATISFAC-
TION GUARANTEED OR ALL ALBUMS FULLY RETURNABLE.
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No slide projector ever
made such a fuss about a lens.

No wonder, it's a Nikkor. And
that's just about the finest lens you

can get—camera or projector.

Take a batch of slides to your

Nikon dealer, and put them through

a Nikkormat slide projector. You'll

see a difference immediately. And
you'll like what you see.

You'll also like the way the

Nikkormat handles and behaves;

the price, too:$149. 50. Meantime,

let us send you a descriptive folder.

nikkormat
Automatic Slide Projector
with 4" Nikkor £3.5 lens

Write: Nikon Inc. Garden City, N.Y. Hi33. Subsidiary of Eiironreich Pholo-Optical Industries, Inc.

Chinese ORaqon vAse ^,, ,.,,,w ;w.
piece from the Museum's collections is a rare example from the ancient Han
Dynasty. This arithentic reproduction delineates every nuance of the original.

Each detail is faithfully portrayed from the stylized carved dragon design to the

subtle green and broivn tones caused hy burial in the earth for nearly two thousand

years. Inside diameter .o'^", height 6i,y including contemporary stand. Water-

proof. $16.50 postpaid. Members of the Museum are entitled to a 10% discount.

Please send your check or money order to . .
. .y.^^ Aa,. /•^i.u^LjvhtkejHi\Si

|rhe American Museum of Natural History entral Pari< West at 79th St.. N.Y.

grimly humorous to scientifically in

clined readers. For example: "I don'i-

need to tell anyone here [in Los Ange
les] that neither Los Angeles nor ani

other metropolitan area of the Pacifii

Southwest would be in existence today a
,

their present size and scale if man hacl

not taken some positive steps to correcj

nature's imbalance of natural re

sources."

If the initial legislation in the South'

west Water Plan passes the House, it wil

go to the Senate, which has not as ye

scheduled public hearings on the subjec

and where the climate is considered les

favorable to construction of the Bridg

and Marble Canyon dams.

Congress and the Hudson

THE "Washington Newsletter" aj

pearing in Natural History, June

July, 1966, briefly summarized the wa
in which a New York public utility, th

Federal Power Commission, the Unite

States Court of Appeals for New Yorl

the Supreme Court, and conservationis

became entangled in a conservatio

drama centering on the utility company
application to the FPC for license

construct a huge pumped-storage hydr

electric plant at Storm King Mounta
in the Highlands of the Hudson Rivt

There have been two further develo

ments in the drama since that summai
was written. The Supreme Court d

clined to review the ruling of the Cou
of Appeals, in effect throwing the matt

back into the Federal Power Commi
sion; and the FPC has scheduled ne

hearings for November of this year

the utility company's license applicatio

At the time the previous "Newslette

was written, I thought it best to omit tl

national legislative proposals that ha

sprung from the Hudson River case f

brief discussion in this report.

However, since the first session of tl

89th Congress convened in early Janua

of 1965, nearly a hundred bills have be

introduced in House and Senate—most

them in the House—for the general pi

pose of protecting the natural, seen

historic, recreational, or fish and wildl

values of a relatively unspoiled segme

of the Hudson River. If one uses the tol

number of bills introduced as a criterio

the best way of protecting the low

Hudson would be to establish a Hudsi

Highlands National Scenic Riverw

Such a riverway, under jurisdiction

the Department of the Interior, might i

elude perhaps 90 miles of the Huds
commencing at the New ,Iersey-N

York State line at the south and runni

northward to the northern boundaries

Greene and Columbia counties (to pa

phrase the provisions of one such bil

There might be a mile of riverway

each side of the Hudson, with irregula

ties of boundary where necessary to p

tect outstanding scenery or import!

70



The little girl \^o lost herself in books . .

.

now finds answers to thousands ofresearch questions.

Delores Maximena graduated from
"Goldilocks" and "Little Red Riding
Hood" at a very early age. Ever since
she learned to read at a Detroit grade
school— all through high school and
the University of Michigan, books have
been a big part of her life. Now her
livelihood is books. In fact, she is cur-

rently working for an advanced de-
gree in Library Science at Michigan.

All this background paid off . . . both

for Miss Maximena and for General
Motors. As Reference Librarian at the

Research Laboratories Library at the
General Motors Technical Center,
she's the daily target for such ques-
tions as: What is Poisson's ratio of

tetrafluorethylene? What is the daily

gasoline consumption in Los Angeles
County? What is the thermal conduc-

tivity of a certain steel alloy? Miss Max-
imena is expected to and invariably

does come up with right answers. Her
long experience, perception and skill

enable her to put her finger on diffi-

cult answers quickly and accurately.

She's the kind of person that's

handy to have around ... in fact,

the kind of person General Motors
couldn't do without.

General Motors is people making better things for you.
GM



Meet the Porcupine

Where He Lives

See every detail of this

remarkable creature's life in the

new LIVING WORLD book

1. THE WORLD OF THE
PORCUPINE

by David F. Costello

AVETERAN naturalist takes you, in

_ words and spectacular photo-
graphs, through the year with the fas-

cinating porcupine. Observe the por-

cupine on its home ground, its enemies

and methods of defense, its lovemak-
ing, how it raises its young, and its

peculiar food habits. Mr. Costello's

100 photographs of the porcupine in

its natural habitat are unique.

Living World Books, under the editor-

ship of John K. Terres, follow the

activities of wild creatures through

the four seasons. And readers of all

ages enjoy them. "... as enjoyable as

they are informative ... an impressive

contribution to the literature of nat-

ural history." —John Kieran. Each
book is illustrated with approximately

100 photographs. Order today.

THE WORLD OF THE:

2. BLACK BEAR joevanwormer

3. GREAT HORNED OWL
G. RONALD AUSTING Cllld JOHN B. HOLT, JR.

4. RACCOON
5. COYOTE

6. WHITE-TAILED DEER
LEONARD LEE RUE III

7. BOBCAT JOE VAN wormer

8. RED-TAILED HAWK
G. RONALD AUSTING

9. BEAVER LEONARD LEE RUE HI

p — — MONEY-BACK COUPON — — 1
J. B. LIPPINCOTT COMPANY NH-10
East Washington Square, Phila., Pa. 19105
Please send me the LIVING WORLD
BOOKS whose numbers I have circled
below. If not satisfied. I may return any
books in 10 days for full refund.123456789
1 enclose $ (Price $4.95 each)

LEONARD LEE RUE III

JOE VAN WORMER

Name

Address-

City- -State-
We pay postage when payment accom-
panies order. (N.Y., Cal., Pa., Tenn. add
state sales tax.)

natural or historic sites. Commercial and

industrial uses of the river would not be

barred, but they would be carried on in a

manner consistent with the protective

purposes of the riverway.

Another type of bill would direct the

Secretary of the Interior to conduct a

study of the lower Hudson, in co-opera-

tion with other government and state

agencies and commissions, and report to

the Congress as to how that portion of

the river might best be restored and pre-

served for the public benefit. This cate-

gory of bill usually contains a section

specifically forbidding the Federal

Power Commission from issuing any li-

cense for hydropower projects on the

Hudson within the area of interest ; some

bills also make a similar provision

against federal-aid road construction.

A third type of bill would establish a

Hudson River Conservation Commission,

composed of members of Congress and

appointees of the governors of New
York and New Jersey "to study and in-

vestigate the problems of the proper uti-

lization and conservation of the Hudson
River . .

." and to report to Congress

on recommendations for legislation.

As this was written in late July, the

House Committee on Interior and Insu-

lar Affairs, to which many of the bills in

the House have been referred, was hold-

ing public hearings on one of the impor-

tant bills of the second category—H.R.

13508, by Representative Ottinger of

New York, who has been one of the lead-

ing House proponents of restoration and

protection of the lower Hudson, which

still retains a very considerable measure

of esthetic charm, recreational potential,

and scientific value.

With the National Parks

DURi.NG the early part of the past

summer the National Park Service

held two public hearings in the vicinity

of Great Smoky Mountains National

Park, which straddles the backbone of

the high Great Smokies in Tennessee

and North Carolina. Purpose of the hear-

ings: to present the Service's prelimi-

nary plan for establishing wilderness

areas in the park under terms of the Wil-

derness Act of 1964 and to hear pubbc

comment on the plan.

This was the first national park to be

reviewed for Wilderness Act purposes by

the Service, and conservationists were

particularly anxious that Service plans

should reflect the fact that the great

primeval parks and monuments have

always been considered de facto wil-

dernesses. Some conservationists had,

indeed, argued before passage of the

Wilderness Act that the national park

system ought to be excluded from provi-

sions of the Act for this very reason;

they foresaw such reviews of the great

parks and monuments as open invita-

tions to developmental assaults.

40 TIMBERED ACRES

$1650 TOTAL PRICE

WASH.-IDAHO-MONT.
$50 Down — $25 month, in Northern
Idaho, Northeastern Washington, and
Western Montana. In the heart of lakes
and big game country. All covered with
growing timber. Access, Title insurance
with each tract. This is select land with
natural beauty, recreational and invest-
ment values. Your inspection welcomed.
Write us for free list, maps and complete
information. We have tracts of many
types and sizes to choose from, incl.
waterfront property. Write to:

REFORESTATION Inc.
P.O. Box 8146, Dept. GJ, Spokane, Wash.

^of ,v^>^'
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^; WOLFE
J^' WORLDWIDE

FILMS
Dept.8

1 06 Los Angeles,

Calif. 90025

Seen the matchless new Wolfe color
slide catalog? World's most completf
library Full scenic, landmark cover
age. life, gaiety, people, beauties am
treasures o( 99 foreign counlnes an(

50 states. Professional 35mm slide:

guaranteed perfect — or money back

For the

first time—
individual

market values

for more
than $40,000
worth of shells!

A Van

Nostrand's

STANDARD CATALOG
OF SHELLS

Edited by Robert J. L. Wagner
& R. Tucker Abbott

The result of years of world-wide re-

search and investigation by inter-
nationally recognized experts, this
revolutionary catalog of indispensat)le
information for every shell collector
includes:

• Current dollars and cents prices •

Regional checklists • Complete cata-
logs (with synonyms) of all known, liv-

ing species in many major groups •

Identifying illustrations Paperback $4.50

ALSO
AMERICAN SEASHELLS by R.
Tucker Abbott. Exquisitely illustrated
encyclopedia. $15.00

VAN NOSTRAND, Princeton, N. J. Dept.T-NH-10
Please send me for ten days free examination:

STANDARD CATALOG OF SHELLS at 4.5(

AMERICAN SEASHELLS at $15.0(

Within 10 days I will remit purchase price
plus small delivery cost, or return book(s
and owe nothing.

NAME

ADDRESS

CITY _STATE_ -ZIP CODE-

SAVE! Remit with order and we pay delivery.

I

Same return privilege guaranteed.
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Iincy and John Seletti aren't trying to save the world
bt a little piece of it.

^bout a mile outside the Ko-
village of Ku Am there are a

dozen young, still-tender mul-

\f trees growing on a small hill,

eday these trees and their suc-

it leaves will be the heart of a

fVillage industry— a silk raising

. That day is still many months
)ut it doesn't stop the village

from making daily inspection

t up the steep hill, just in case.

lin case something miraculous

lappened since yesterday. After

; wouldn't be the first miracle

ippen in Ku Am. Everyone in

illage knows the story of Chang
, the daughter of the widow,

i'en years ago Chang Book's

ces of survival were as slim as

^as. Her father had disappeared

ig the family's flight from
ii Korea. Her mother, a seam-

i, worked a backbreaking day
most of the evening to earn

I month. Barely enough to keep
from starving.

!ut today that's all changed be-

an American couple named
ti are sharing a little of their

fortune with a girl to whom a
means everything. Nancy,

' and five-year-old Alexandra
ti areNewYorkers.They're not

ously wealthy as the villagers

I Am believe. But, they're not

either. Comfortable probably
ibes them best. They have
thing they really need, but
them ten minutes and they'll

1
up with ten things they want
)15 a month would buy. Luck-
ey thought of Chang Sook first,

ihrough Save the Children
ration, the Seletti's $15 a
h is doing a remarkable num-
f things. First, Chang Book's

diate needs and future school-

e being taken care of. The fam-
getting help, too: Enough to
e Chang Book's mother to start

ill knit shop.

nd with all this, there is still

money left over. This money,
her with money from other
ors, was borrowed by the vil-

io start its precious mulberry
Someday silk raising will

a permanent increase in the
e's income—and permanently

«:

end the need for charity. That's

what Save the Children Federation
is all about. Although contributions

are tax-deductible, it is not a charity

The aim is not merely to buy one
child a warm coat, a new pair of

shoes and a six month supply of vita-

min pills. Instead, your contribution

is used to give the child, the family
and the village a little boost that
may be all they need to start help-

ing themselves.

Sponsors aredesperatelyneeded
for children in Korea, Viet-

nam, Latin America, Africa

and Greece. You can select

the child's nationality. You
will receive a photo of the

child, regular reports on his

progress and, if you wish, a
chance to correspond.

Chang Book writes to the

Belettis. She also sends small

homemade gifts to Alexandra.

And she tells them of her
dreams of becoming a nurse.

She'll probably make it. If she __

does, the Seletti's investment in one
girl will be repaid a thousand-fold.

The Selettis know they can't

save the whole world for $15 a
month. Just a small corner of it. But,

maybe that is the way to save the
world. If there are enough people
like the Selettis. How about you?

National Sponsors (partial list)

FaithBaldwin, JamesBryant Cnnant,
Joan Crawford, Hon. James A. Farley,

,

Jerry Lewis, Henry R. Luce,
Frank Sinatra, Mrs. Earl Warren

Save The Children Federation
NORWALK, CONNECTICUT 06852

I WISH TO CONTRIBUTE $180 ANNUALLY TO HELP A CHILD
D KOREA a GREECE D VIETNAM D LATIN AMERICA D AFRICA
DWHERETHE NEED IS GREATEST.

ENCLOSED IS MY FIRST PAYMENT
D $15 MONTHLY D $45 QUARTERLY
D $90 SEMI-ANNUALLY a $180 ANNUALLY

I CAN'T SPONSOR ACHILD. ENCLOSED IS ACONTRIBUTION OF
$

-STATE- _ZIP_

CONTRIBUTIONS ARE INCOME TAX DEDUCTIBLE NH 10-6



So you're not a pro...

but the NikkOrmat FT is. if you were a professional,

you could probably guess exposures, estimate distances, and still get

good pictures. But that's the hard way.

The easy way is to eliminate the uncertainties. And that's the first thing

the Nikkormat FT does for you. It has a thru-the-lens reflex finder that

lets you focus and frame the picture exactly as you want it. Its thru-the-

lens meter system shows you clearly when you're set for correct exposure.

And, because the Nikkormat FT uses the same interchangeable lenses

and accessories as the famous Nikon F, you can expect your pictures to

look professional even if you're not. Price is $269.50 with 50mm Auto-
Nikkor f2 lens. At your Nikon dealer, or write: Nikon Inc., Garden City,

N.Y. 11533. Subsidiary of Ehrenreich Photo-Optical Industries, Inc.

MOSTiPORTANI "NEW CONCEPl" IN BINOCULARS IN 30-yEARS!

The new mono-unit design of the Featherlight II Binocular line is the most magnificent and

functional improvement in binoculars In 30 years. Your first breathtaking look will reveal the

big crystal-clear difference between these and ordinary binoculars. You even feel the difference

as the sculptured curve of the body design balances effortlessly in your hands

Rushnell^ Featherlight II
• Brighter images from high

index prisms

• Wider field of view

• Built-in tripod adapter

• Magnesium body
• Safety Vision, ultra-violet filters

Write for FREE article

"How to Select Binoculars" and catalog:

OO Bushnell
Bushnell Building, Pasadena, California

BushneU also In Canada and many other countries.

Few conservationists departed tffi

Great Smokies Park hearings wit!

happy hearts. The Park Service's prejj

lirainary plans for legal wilderness in

that preservation included six disconii

tinuous tracts ranging in size from 5.501

acres to 116,000 acres, a total of 247.001

acres or less than half the acreage of th

513,000-acre park. The balance of th

park would be "allocated for existin,

and future visitor use facilities and Per\

ices, a public circulation system consislj

ing of roads and trails, controlled mat
agement roads, agricultural leases [fo

preservation of the existing pastors

scene] and essential staff facilities." A
so included in the non-wilderness area

were "lands needed to form a natural se

ting for developments and from whic

visitors may reach the threshold of ti

back country. . .
." In terms of percem

ages, it seemed to many conservationisi

that the threshold would be considerabl

larger than the back country.

Another aggravation at the hearing

was the "public circulation system" prt

jected for non-wilderness sections of tl

park. Conservationists knew that this r

ferred, at least in part, to the propose

transmountain road across the hig

country of the park, from Townsen'

Tennessee, to Bryson City, North Car

lina, to which they have taken strong e'

ception. The road represents a Paj

Service compromise with proponents

another park road, equally objectionab

to conservationists, which has been pr

jected for the north shore of Fontana r(

ervoir, abutting a particularly fine ar

heavily forested section of the park (

the south. The so-called Fontana-Brysi

City road has had a long history of co

troversy, and its essentials might be

interest at this point.

In 1943, the Park Service, the Tenni

see Valley Authority, North Carolii

and Swain County in that state signed

agreement whereby the Park Service t

dertook to build a road along the noi

shore of TVA's Fontana reservoir, 1

tween Fontana Village and Bryson Ci

to replace a road that was to be ini

dated by reservoir waters. In exchar

the Park Service was to receive, and c

receive, some 44,000 acres of outstai

ing north-shore timberland for addit

to the park. Save for a short stretch wi

in the park on the Bryson City end,

road has never been built, since a

highway, constructed some years

along the south shore of the reserv(

serves as an alternate route.

Several years ago, however, the P;

Service was called on to make good

commitment and complete the Font;

road. In defense of the park, conser

tionists argued that subsequent consti

tion of the south-shore road had alte

conditions of the original contract; t

the road's location in precipitous mo
tain country would destroy natural .
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3nic values by requiring vertical cuts

d fills of some 500 feet in places; and

it the road would be unduly expensive

th to build and to maintain, as evi-

nced by the short stretch already

mpleted. which has been subject to

ding and severe erosion of cuts and

s. The Park Service has indicated that

must fulfill its old contract, however,

d it recently proposed the transpark

;hway as a compromise solution. Con-

vationists could see little point in

jlacing one bad agreement with an-

ler: at the Smokies wilderness hear-

's they held a firm front against both

; original and the compromise road.

[t is understood that the Park Service

rrently has under review 22 other ma-

units of the park system, and that

blic hearings will be held on at least

en of these before the end of 1966.

aring dates have been scheduled for

) of the units—Craters of the Moon
tional Monument in Idaho (Septem-

19) and Lassen Volcanic National

rk in northern California (September

I. On the basis of the Great Smokies

rk hearings, both conservationists and

National Park Service looked for-

rd to a long, hot autumn.

Wilderness Trails

OME sixty-six years ago one of con-

1 servation's great elder statesmen

iceived the idea of a wilderness hiking

il that would run from the high moun-
li country of northern New England
Wn the crests of the blue Appalachians
I 'peaks far southward." The man was
iiton MacKaye, conservationist

ither of another famous American,

Ixy MacKaye. the poet.

|t was to be thirty-seven years, how-

r, before MacKaye's dream of con-

ning northern New England with the

'aks far southward" was to come
i)lly true—thirty-seven years of co-op-

(dve effort between federal, state, and
jnicipal governments, private organi-

I ons, and individuals. The final result

y a 2.000-mile-long, four-foot-wide

'path snaking south from the ice-

llptured summit of Mount Katahdin

^northern Maine to Springer Moun-
in northern Georgia, where the

ient, contorted folds of the Appala-

ms commence to arc westward to-

ri their termination in Alabama. The
)alachian Trail, finally completed in

7, is perhaps the longest marked foot-

1 in the world, and is hiked today

some 200.000 outdoor Americans,

he Trail was primarily intended as

nvitation to a wilderness hiking expe-

ce; a leisurely escape from the

its, sounds, and smells of civilization.

';ourse runs the length of two national

ss and through the more primitive

ions of eight national forests. It runs

through innumerable enclaves of

late lands, whose owners have always

INTRODUCING THE DUPLEX QUESTAR
We keep trying to please Questar customers by
finding even more convenient forms for this
superfine portable telescope. Our photographer
friends wanted an unmounted barrel—a mini-
mum instrument that they could carry easily
into the field, and this led to the development of
the New Field Model. The astronomers want
the fully-mounted equatorial Standard Questar
with its smooth controls and built-in synchro-
nous drive. But sometimes they wish they also
had the lighter Field Model just to carry with
them for terrestrial observation and photog-
raphy. And even nature photographers have
been known suddenly to develop an interest in
the night skies and have longed then for that
convenient equatorial mount.

So, here you have it—everything in one in-
strument—the Duplex Questar. A fully-mounted
telescope, it separates into two parts with the
turn of a knurled knob.
The Duplex takes up no more room than its

beautiful parent, and travels still in the hand-
some English leather case we have been import-
ing since we first brought this multi-purpose
instrument to the market in 1954. Nor is the
rock-like steadiness of the Standard Questar
impaired by the separation, but, if anything, is

stionger because of the ingenious collar arrange-
ment that reinforces the fork mount without
detracting from the original design.
When both parts of the Duplex are joined

together it operates exactly like the seven-
pound Standard Questar, and weighs only
slightly more. When you do not need the equa-
torial, the controls in altitude and azimuth, or
the drive for automatic following, the knob
quickly and easily releases the barrel with its

control box. And what do you have then? Why
the New Field Model, of course.

Duplex Questar with Pyrex Mirror, $1245.

Duplex Questar with Quartz Mirror. SI 345.

Above is shown the method of separating the
Duplex into two parts, thereby changing the

Standard Questar into a New Field Model which
can be attached to any sturdy tripod.

Left, Legs transform Questar from its alt-

azimuth position above, to polar equatorial. They
are carried in case with 40-80x eyepiece and
Questar^s safe sun filter. A removable dewcap,
or sunshade, is also included.

WORLD'S FINEST, MOST VERSATILE SMALL
TELESCOPE. PRICED FROM $795. SEND $1
FOR 40-PAGE BOOKLET TO ANYWHERE IN
NORTH AMERICA. BY AIR TO REST OF
WESTERN HEMISPHERE, $2.40, EUROPE AND
NORTH AFRICA, $2.50, AUSTRALIA AND
ALL OTHER PLACES, $3,50.

TAR
BOX 60 NEW HOPE, PENNSYLVANIA 18938
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LINDBLAD TRAVEL Inc.

ONE EAST 53rd STREET

^-f NEW YORK, N.Y. 10022

PLaza 1-2300

LINDBLAD TRAVEL TOURS are distinctly different. They are creatively planned fori

tfie intelligent traveller who is more than superficially interested in peop/es and cu/

tures. Try travelling with Lindblad Travel for the time of your life. We will take you

from the Antarctic in the south to Lap/and in the north, through the steppes of Mon-
golia and the wilds of Brazil. Here are examples of our tours in 7 966-67

ANTARCTICA EXPEDITIONS 1967—Visit scientific stations in Graliam's

Land. Popular scientific program in Marine Biology. Meteorology, Glaci-

ology, Wildlife Conservation, etc. offered. Departure on January 10, 1967
for the most beautiful part of the world. Only a few places available.

Cost from $3600

BETWEEN THE NIGER AND THE CONGO. An unforgettable expedition to

Africa to become acquainted with the rites, dances and art of ancient

tribes like the Kirdis, Fulanis, Hausas, Ashantis, Scnoufus and others.

Also visits to spectacular game parks. Monthly departure from Dec. 1966—
22 days. Cost Complete $2300

JOURNEY into ANTIQUITY: Accompanied by guides trained in archaeology,

you will have a personal insight into the mysteries of Egypt, the world's

finest ruins at Baalbek and Petra, the beauties of ancient Greece, and the

Holy City of Jerusalem. Monthly departures. Cost from $1397

EAST AFRICAN WING SAFARIS enable you to cover more African lands in

less time and at lower cost. These safaris 'wing' via Piper aircraft to the

tribal country of the Northern Frontier District, game reserves and some
of the most beautiful settings in the world. Restricted to 9 persons on
each departure. Cost Complete $2034

VALUE SAFARIS. On these safaris you stay in a lodge at the foot of Mt.

Kilimanjaro, motor across the Serengeti Plains, spend a night in the

branches of a tree, watching elephant, lion, zebra, giraffe, etc. in their

natural habitat. Also fascinating tribal life. The 22-day safari offers an
extension to Ethiopia and the 44-day safari includes Zambia, South Africa

and Nigeria in addition to East Africa. Monthly departures.
Cost from $1529

THE HOLY LAND. This tour to the Lands of the Bible has been very popu-
lar for the last five years. It takes you to Lebanon, Syria, Egypt, Jordan,
Israel and Greece. We use luxury hotels throughout and the total cost

from New York back to New York is only $1061. Frequent departures.

MeMBeR LINDBLAD TRAVEL, INC., l East 53rd Street, N.

Please send me the following folders:

Antarctica D Wing Safari

Niger to Congo D Value Safari

Antiquity D Holy Land

(Mr. or Mrs. or Miss)

Add ress:

City: State:

Y., N. Y. 10022

n
n
D

NH-IO

shown commendable generosity in hel'

ing to further the Trail and its prin

purpose, the wilderness experience.

But of late years the Trail has seen di

ficulties. The national population i

crease and its expression in more ar

bigger highways, expanding powerlijj

networks, government installations. s||

tows, immense housing development

tramways, and summer mountain homj
has operated against the concept of

j

long wilderness trail down the Appall

chians. In plain truth, Benton Ma
Kaye's wilderness trail has. in places, b

come a trail that serves to link remainii

patches of wilderness in the mounta
country of the East.

Congress has, over the past sever

years, shown a tendency to become int(

ested in the problems of the nation's i

mous "AT." and, indeed, in the mo
general idea that public foot trails mig

well be encouraged in scenic and u

spoiled parts of public lands all over t

country. In the 89th Congress a numh
of hills have been introduced on the ge

eral subject. Bills aimed specifically

protection of the Appalachian Trail £

typified by H.R. 15076 (Hathaway

which would insure co-operation of p

vate organizations and individuals !

the same purpose. It would establish 1

Trail, and sufficient land on both sides;

it, as the Appalachian Trailway, to t

exclusion of "all inconsistent and ni

conforming uses wherever this can be

complished in the public interest." 1

Secretary of the Interior would be

structed to set up an Appalachian Ti

Advisory Committee, with which

would consult on trail problems; if

were deemed necessary to re-establ

the route of the Trail in places to kee]

natural and scenic, the Secretary wo
be charged with the duty.

Typical of bills that would encc

age establishment of a nationwide

tem of trails is S. 3171. introduced

Senator Nelson for himself and ei

other Senators. Under this proposed '.

islation, a system of "national see

trails" within national parks, forests,

recreational lands under jurisdictioi

the Secretaries of Interior and Agri

ture would be authorized, vrith a sim

system in state parks and forests a

designation by the states.

This list details the photographer, ai

or other source of illustrations, by p

COVER-Ruiko Y. Ante
8-map, AMNH
9-10-Colin M. Turnbull

16-25-Ruiko Y. Ante ex-

cept map. AMNH after

American Philosophical

Society
26-27-David S. Hardy
except map, AIVINH

28— David L. Sprechman
29— E. Javorsky

30-Stan Wayman-LIFE
MaEazine. Copyright.
Time. Inc.

31-37-Gecrge B. Sch
except diagrams, AMI
after Schaller
38-map, AMNH
39-42-Edward C. Mc(
44-Harvard College
Observatory
46-47-AMNH
48-51-Lynn Millar e«

map. AMNH
52-Stephen Dalton,

Natural History
Photograohic Agency
54-57-AMNH after
IVIax Renner
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ORDER SHOPPINC MART
A selection of products available by mail for readers of Natural History

All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

VALUES

3" Astronomical Telescope

ie the stars, moon, phases of Venus,

anets close up. 60 to 180 power. Alumi-

zed and overcoated 3" diameter f/IO pri-

ary mirror, ventilated cell. Equartorial

)unt with locks on both axes. Equipped
th 60X eyepiece and mounted Barlow

IS. 3X finder telescope, hardwood tripod,

eluded FREE: "STAR CHART"; 272-
00 "HANDBOOK OF HEAVENS":
low TO USE YOUR TELESCOPE"
ok. $29.95 ppd. Order No. 85,050- E.

Imund Scientific Co., Barrington, New
sey 08007.

American Made Opaque Pro/ecfor

Projects illustrations up to 3" x VA"—en-
larges them to 35" x 3fr" if screen is 6'/2 ft.

from projector, larger pictures if screen is

further away. No film or negatives needed.
Projects charts, diagrams, color or black-
and-white. Operates on 115 volts A.C. cur-
rent ... 6 ft. extension cord and plug
included. Operates on 60 watt bulb, not in-

cluded. Size 12" X 8" x 4'/j" wide. Weight
I lb. 2 ozs. Plastic case. $7.95 ppd. Order
stock No. 70,199-E. Edmund Scientific Co.,
Barrington. New Jersey 08007.

Giant Surplus Balloons

"Balls of fun" for kids, traffic stoppers
for stores, terrific for amateur meteorolo-
gists. Create a neighborhood sensation.
Great backyard fun. Exciting beach attrac-
tion. Amateur meteorologists use to meas-
ure cloud heights, wind speed, and temp.
Made of heavy black rubber. Inflate with
vacuum cleaner or auto air hose; or locally
available helium for high rise. 8" diam.
$2.00 Ppd. Order Stock No. 60.568- E.
Edmund Scientific Co.. Barrington, N.J.
080(17.

New Model Digital Computer
Solve problems, tell fortunes, play games
with miniature version of giant electronic
brain! Adds, subtracts, multiplies, shifts,
complements, carries, memorizes. Colored
plastic parts easily assembled. 12" x 3V2"
X 43^", IncI, step -by -step assembly dia-
grams, 32-p. instruction book covering
operation, computer language (binary sys-
tem) programming problems & 15 experi-
ments. $5.98 Ppd. Order No. 70,683- E.
Edmund Scientific Co., Barrington, N.J.
08007.

8-Day Ship's Bell Clock

ne precision marine timepiece. Handsome
tal case in brass or chrome. Highly cor-

ion resistant. Familiar I to 12 dial. Also

rked with 24-hour system of timekeeping
m First Watch (evening) through Second
g Watch. Chimes nautical '/2-hr. intervals

m I to 8 bells—can be turned off. Ther-
)meter at bottom of dial. $70 Ppd. Brass
order Stock No. 70,781- E; Chrome—No.
782-E. Edmund Scientific Co., Barring-
,, N.J.

V/ff'n Proof—Games of logic

Practice abstract thinking and math logic.

Developed by Yale prof. If you think learn-
ing should be fun, try WFF'N PROOF
brain -to- brain combat! 21 games of pro-
gressive difficulty. Starts with simple
games mastered by 6-year-olds, ends with
subtle logic for challenge professional logi-
cians. SV2" X 53/4" case contains logic
cubes, playing mats, timer & 224-p. book.
$6 Ppd. Order Stock No. 60.525-E. Ed-
mund Scientific Co., Barrington. N.J.
08007.

New Hydroponic Grower
Now grow orchids, roses, tulips, etc. in

office, home or classroom WITHOUT SOIL.
Portable hydroponic grower has automatic
feeding system — just flick switch I min.
a day. Minimal maintenance. Planting bed
6" X 211/2". Operates on 4 "D" batter-
ies (not rncl.). 9-week supply of vitalizer
and instructions. $39.95 Ppd. Order No.
80.094-E. Vitalizer concentrate only (max.
16 week supply). No. 60-571-E. $1.95 Ppd.
Edmund Scientific Co., Barrington, New
Jersey 08007.

Terrible Lizards—Monstrous Mammals
Explore the fascinating prehistoric world
of dinosaurs 200,000,000 years ago. New
kit contains 24 authentic scale models (12
dinosaurs— 12 mammals) accurately detailed
in sturdy plastic. IncI.: Giant Brontosaurus,
fierce Tyrannofaurus Rex. Wooly Mammoth
—range in size from 2" to 6". Also inst. to
build your own dinosaur land and Wonder
Book. $5.00 Ppd. Order Stock No. 70,817-E.
Edmund Scientific Co., Barrington, New
Jersey 08007.

Crysfaf Growing Kif

a crystallography project—Illustrate with
ge beautiful crystals you grow yourself,

idy &. demonstrate factors affecting

wth, refraction, piezoelectric effect, sym-
,try, etc. IncI. book "Crystals &. Crystal

iwing" plus generous supply of chemicals
grow 7 large display crystals (clear,

'pie, blue-green, green and red). $9.50
d. Order Stock No. 70,336-E. Edmund
entific Co., Barrington, New Jersey
i07.

Vi

Wooden Solid Puzzles

Here's a fascinating assortment of 12 differ-

ent puzzles to provide hours of pleasure
and stimulate ability to think and reason.
Animals and geometric forms. Take them
apart and reassemble them. Lots of fun for

the whole family—young and old. Will test

skill, patience and ability to solve problems.
Order yours now. $3.00 Ppd. Order Stock
No. 70.205-E. Edmund Scientific Company,
Barrington, New Jersey 08007.

Science Treasure Chest

Hundreds of thrilling experiments plus a
Ten Lens Kit to make telescopes, micro-
scopes, etc. IncI.: extra powerful magnets,
polarizing filters, compass, one-way mirror
him, diffraction gratina. many other items.
$5.50 Ppd. Order Stock No. 70 342- E.
Deluxe Chest: Above plus crystal growing
kit, electric motor, molecular set. and lots

more. $10-50 Ppd. Order Stock No. 70.343- E.
Edmund Scientific Co.. Barrington, New
Jersey 08007.

Pocket-Size Alicroscope, Telescope

New! Amazing 2-in-l combination of 50-
power microscope and lO-power telescope in

one precision instrument. No larger than a
fountain pen — extra sharp focus at any
range. Handy for sports (brings distant
objects 10 times closer)—explore fascinating
world of microscopic organisms. Imported.
$4.50 Ppd. Order Stock No. 30,059-E. Ed-
mund Scientific Co., Barrington, New Jersey
08007.

-^

, ig and Short-Wave Ultra Violet Lamp
I itograph gem-like colors of 85 fluorescent
''

lerals. artwork, chalks, paints. Use for
specting, mineral collecting, etc. Sturdy,
ipact. portable. Shortwave UV radiation
to 2537 angstroms — long up to 3660
stroms. Operates on AC or "D'* Bat-
es. Wt. I fb. 5 oz. IncI.: 9 ft. cord,

I

Klet, set of fluorescent minerals. $29.75
I

I. Order Stock No. 70.259-E. Edmund
'1 entiflc Co., Barrington, N.J. 08007.

i

i

M

t\

Junior Rocket and Space Capsule

Parachute-equipped Rocket and Space Cap-
sule soar to 600 ft., then with 2 parachutes
float to earth. Fully controlled— li time de-
lays to choose from. Launch again and again.

No chemicals, explosives. Extra strong rub-
ber sling provides power. Capsule and para-

chute, rocket body and parachute, launching
pad, sling and instructions. $3.50 Ppd.
Order Stock No. 70,845-E. Edmund Scien-
tific Co., Barrington, New Jersey 08007.

Space-Age Nickel Cadmium Batteries

Guaranteed rechargeable for 5 years. Use
in flashlights, portable radios, toy or flash
guns. Obsolete all others! Low-cost kit in-
cludes compact, highly efficient charger
and 2 "D" size Ni-Cd batteries. Power
output remains constant. I or 2 "D" or
"C" size batteries charge in 16 hrs. $9.95
Ppd. Order Stock No. 60,591-E. Charger
only. $5.98. Stock No. 60.592- E. TwoD" cells only. $5.98. No. 60,593.E. Ed-
mund Scientific Co., Barrington, New Jersey
08007.

Gianf Free Catalog
Completely new 1967 Catalog. 148 pages
packed with nearly 4,000 unusual bargains.
Exciting new categories. Many new items.
lOO's of charts, illustrations. Many hard-
to-get war surplus bargains. Enormous selec-
tion of telescopes, microscopes, binoculars,
magnets, magnifiers, prisms, photo com-
ponents, etc. For hobbyists, experimenters,
workshops. Shop by mail. No salesman will
call. Write for Catalog "E" to Edmund
Scientific Co., Barrington, N.J. 08007.
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HAPPY HOLIDAYS
HUMMINGBIRD-STYLE

For a realiy differenf Holiday treat this

year, give your family and friends genuine
"Hummy-Bird Bars"?. Watch jewel-like Hum-
mingbirds rest on real wood perches and
dine "family-style" 4-at-a-time (see actual

photo). Allows no other birds or bees, no drip

or rust, is so easy to clean. 7he gracious gift!

Guaranteed. Full instructions. $2.95 plus 24;

p.p. In Calif, add 12r tax. Sorry no COD'S.

HUMMINGBIRD HEAVEN, 6818-N Apperson St.,

TUJUNGA, CALIF., 91042.

^''* Free

Fall

Catalog
JUST OFF THE PRESS

Hunters, Campers

ond Fishermen will

find many practical

items in our fully

illustrated Fall

Catalog. Shows

hunting footwear,

clothing and other

specialties of

interest to both

men ond women.

Many items are

of our own
manufacture.

L. L. Bean, Inc.

346 Main St., Freeport, Maine 04032

Hunting, Fishing and Camping Specialties

ANQENT OIL LAMPS
over 1300 years old

From ancient Palestine/ 4th to 7th Century
A.D./ these terracotta lamps used by early
Christians were excavated in what is today
Southern Syria. With varied designs—some
have a cross motif—they make unique ar-
chaeological display pieces for home and
ofRce. A superb a//-occasion gift.' As a gen-
uine "Gift from Antiquity" these lamps
will illuminate hours of stimulating and
thoughtful conversation. Mounted on walnut
base with parchment certificate of authen-
ticity $10.00

Lamps with cross motif (limited number
available) $23.00

FREE Gift Catalog
. . . Illustrating various ancient lamps of
Greek, Roman and Islamic design.

ALSO AVAILABLE: ... 48 page catalog with
many antiquities in four-color illustrations.

SOd
ALADDIN HOUSE, LTD.

Dept. N-IOD, 648 9lh Ave., New York, N.Y. 10036

Suggested
Additional Reading

VANISHING AINU
OF NORTH JAPAN

Ainu Life ai\d Lore: Echoes of a

Departing Race. J. Batchelor. Kyo-

bunkwan. Tokyo. 1927.

The Ainu People of Northern Japan.

I. L. G. Sutherland. Journal of the

Polynesian Society, VoL 57. No. 3,

September. 1948.

The Ainu of Northern Japan. S. Tak-

akura. Translated and annotated by

J. A. Harrison. Transactions of the

American Philosophical Society, New
Series Vol. 50. part 4. 1960.

FLOWERING STONES
Flowering Stones and Mid-day Flow-

ers. G. Schwantes. Ernest Benn Ltd..

London. 1957.

LiTHops. G. C. Nel. Hortors Ltd.. Cape
Town, South Africa. 1946.

A Handbook of Succulent Plants.

H. Jacobsen. Blanford Press, London,

1960.

THE TIGER AND ITS PREY
Predation and Vertebrate Popula-

tions. P. Errington. Quarterly Review

of Biology, Vol. 21. pages 144-177 and

221-245. 1946.

The Wolves of Mount McKinley. A.

Murie. National Park Service Fauna
Series, No. 5. Dept. of the Interior,

Washington, 1944.

Zoogeography; the Geographical Dis-

tribution OF Animals. P. J. Darling-

ton. Jr. John Wiley & Sons, New York.

1957.

DESCENDING
THE ANDROS REEF

Organisms, Communities and Bottom
Facies, Great Bahama Bank. N.

Newell. Bulletin of The American
Museum of Natural History, Vol. 117,

1959.

Atlantic Reef Corals. F. G. Walton
Smith. University of Miami Press,

Miami, 1948.

Questions of the Coral Reefs and
Biology of the Corals. N. Newell.

Natural History, March and April,

1959.

TIME AND SPACE
IN THE LIFE OF THE BEE

The Orientation of Animals. G. S.

Fraenkel and D. L. Gunn. Dover Pub-

lications. Inc., New York, 1961.

The Contribution of the Honey Bee
TO the Study of Time-sense and
Astronomical Orientation. M. Ren-

ner. Cold Spring Harbor Symposium,
Vol. 25, pages 361-367, 1960.

Bees: Their Vision, Chemical Senses,

and Language. K. von Frisch. Cornell

University Press, Ithaca, 1950.

HAPPY HOLIDAYS
ORIOLE-STYLE

"Give" Orioles for Holiday gifts! They'll flock
to gardens that have Oriole "Fun-Bars" read>i
for them next season. These flashing beautie^l
love the natural vfood perches, too (see
actual photo). Can't rust, cleans in a jiffyi

An unusual, heartwarming gift! Money bach;
guarantee and full instructions. Oriole "Fun-i
Bar": $3.95 plus 32c p.p. In Calif, add \6c tax
Sorry no COO'S. HUMMINGBIRD HEAVEN'
681 8-N Apperson St., TUJUNGA, CALIF., 91042

ADVENTURE

POSTPAID

FRtt

COLOR

AT^L06

SAVE

ESCAPE FROM
THE ORDINARY

THROUGH 80 PAGES

OF EXCLUSIVE

EXCITING SPORTS

CLOTHING AND EWiP-
MENT FOR ACTIVE

OUTDOOR MEN AND
WOMEN! JUST OUT!

SEE HOW YOU CAN
SAVE UP TO ONE-

THIRD ON DISTINCTIVE

IMPORTS AVAIUBLE
EXCLUSIVELY THROUGH
NORM THOMPSON.

MOST EXTRAORDINARY

CATALOG OF ITS

KIND ANYWHERE!

ON DIRECT
IMPORTS FROM

BRITAIN

NORM THOMPSON
1805 N.W. Thurman • Portland, Ore. 97209, Dept. 36

CATCH THEM
ALIVE

AND UNHURT!

.C^D <S

Amazing: HAVA-
HART trap captures
raiding rats, rabbits,
squirrels, skunks, pigeons, sparrows, etc. Take

,

mink, coon without injury. Straying pets, pou]
try released unhurt. Easy to use—open ends giv
animal confidence. No jaws or springs to breafe

Galvanized: many in use 20 years. Sizes for a
needs. FREE illustrated practical guide wit
trapping secrets.

Catches men! Easy to ustl

HAVAHART
158-A Water Street, Ossining, New York 1056:
Please send me FREE new 48-page guide an^

,

price list.

NAME
ADDRESS ZIP
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This three-vo/ume sot

counis as one choice.

IB. THE GREAT NOVELS
OF ERNEST HEMINGWAY
The Sun Also Rises, A
Farewell to Arms, For
Whom the Bell Tolls.

(Pub. editions, $13.95;

FORWHOMTHEBELLTOUS !^

The Literary Guild invites you
to include (if you wish)

THE GREAT
NOVELS OF
ERNEST

HEMINGWAY
as one of your four
introductory choices

ANY FOUR of these 33 best-selJers,

reference works, even setsALL for $1
if you join the Guild now and agree to accept only four selections or alternates during the coming year

82. THE BONAPARTES
David Staclon

(Publisher's

edition, $7.95)

280. THE LAST 100
DAYS, John ToUnd
(Publisiier's

edition, $8.95)

Mr. Oemens
AND

i

Mark Twain

9G. MR. CLEMENS
AND MARK TWAIN
Justin Kaplan
(Pub. edition, $7.95)

THE
TRUMAN
PRESIDENCY

320. THE TRUMAN
PRESIOENCT
Cabell Phillips

(Pub. ed.,$7.95)

FIXER
'•> Bernard
Malamud

115. THE FIXER

Bernard Malamad
(Publisher's

edition, $5.75)

103. EARTHLY
PARADISE
Robert Phelps
(Pub. ed., $6.95)

192. GILES GOAT-BOY
John Barlh
(Publisher's

edition, $6.95)

87. THE CRUSADES
Zoi Oldenboorg
(Publisher's

edition, $6.95)

Malcolm
LOWRV

Under The 1

VOLCAXTO
I

58. UNDER THE
rOLCANO

rlalcolm Lowry
Publisher's

dition, $5.95)

.ARMY OF THE
OTOMAC TRILOGY:
Ir. Lincoln's Army,

'lory Road, Stillness at

ppomattOX, Bruce
alton. 3 vols, count
s 1 choice. (Publish-

'"s editions, $12.50)

ailDYlAN
iFtOMAS

FHEMAOICOF

SHIRLEY
lACKSON

1S4. THE COMPLETE
WORKS OF WILLIAM
SHAKESPEARE

275. THE COMEDIANS
Graham Gfeene
(Pub. edition, $5.75)

314. THE MAKINC OF
THE PRESIDENT 1964
8, THE MAKING OF THE
PRESIDENT 1960
Theodore H. While
2 volumes count as

1 choice. (Publish-

er's editions, $13.90)

270. THE LIFE OF
DYLAN THOMAS, Con-
stantine FitzCibbon
(Pub. edition, $7,95)

81. INOUEST
Edward Jay Epstein
(Publisher's

edition, $5.00)

33. IN MY FATHER'S
COURT, Isaac

Bashevis Singer
(Pub. ed., $5,50)

S7. THE MAGIC OF
SHIRLEY JACKSON
(Publisher's

edition, $6.95)

100. TINKERBELLE
Robert Manry
(Publisher's

edition, $5.95}

70. THE COMPLETE
SHORT STORIES
OF MARK TWAIN
(Pub. ed., $4.95)

98. ALL IN THE
FAMILY
Edwin O'Connor
(Pub. ed., $6.95)

71. THE ROMAN
JV1il<a Waltari
(Publisher's

edition, $6.95)

134. MASTERS OF
PAINTING
Bernatdine Kielty

{Pub. ed., $5.95)

113. SHORT STORIES OF
IRWIN SHAW. 69 stories

in one volume.

117. THEOOUBLEOAY
BOOK OF INTERIOR
DECORATING, Albert
Kornfeld (Publisher's

edition, $1J.95)

30. KHRUSHCHEV
Edward Crankshaw
(Publisher's

edition, $7.50)

2G. THE SEARCH FOR
AMELIA EARHART
Fred Goerner
(Pub. ed., $6.50)

210. THE COMPLETE
STORIES AND POEMS
OF EDGAR ALLAN POE
(Pub. ed.,$5.95)

4E. THE ODYSSEY
Transliiled by
Robert Fitzgerald

23. WITH KENNEDY
Pierre Salinger

(Pub. ed,, $5.95)

61. THE DETECTIVE
Roderick Thorp
(Pub, ed,, $5,95)

138. THE KREMLIN
LEHER, Noel Behn
(Pub, edition, $4.95)

298. TAIPAN
James Clavell

(Pub. ed., $6.95)

HHis IS an especially opportune time to join the Literary Guild.
For among the many fine books included in its introductory

ffer is a matched set of the three novels that made Ernest
temingway the most celebrated writer of the century: The Sun
.Iso ilises, A Farewell to Arms and For Whom the Beli Toils.
In their original publisher's editions, these three Hemingway
lasterpieces cost $13.95. They are not available through any
(ther book club or in any newsstand editions. But now you
»ay, if you wish, include the complete set as one of four intro-
uctory choices in this special Literary Guild offer.
Present Guild members who order this set will receive it at the

P! Decial members' price of S5.95. This is typical of the guaranteed
ivings Guild members enjoy on important new books as well
s contemporary classics: from 40% to 60% below the price of
le publishers' editions.
In recent months, for example. Guild members were offered
BW best-sellers such as Tai-Pan for S2.95 instead of $6.95 in the
ublisher's edition; and The Last WO Days for $3.50 instead of
'.95. These books were described before publication in the
uild's free monthly Preview. Members who wanted them re-
.'ived them immediately upon publication.
Your only membership obligation is to accept four Guild selec-
ons or alternates during the coming year, from among the 20
- more which will be offered each month. And for every four
3u buy, you may choose a bonus book.
Look over this rich and varied selection, and see if you don't
;ree that this is a great time to try Guild membership. Send no
oney now. Just fill out and mail the coupon today.

ITERARY GUILD OF AMERICA, Inc., Garden City, N. Y.

NOTE: Guild editions are sometimes reduced in size,
but texts are full-length— not a word is cut!

Literary Guild of America, Inc., Dept. 60-NPX, Garden City, N. Y
Please enroll me as a trial member of the Literary Guild and send me

the FOUR books or sets whose numbers I have printed in the four boxes
at the right. Bill me only $1 plus shipping for all four. If not delighted,
I may return them in 10 days and this membership will be cancelled.

I do not need to accept a book every month — only as few as four a
year - and may resign an)( time after purchasing four books. All selec-
tions and alternates will be described to me in advance in the Guild's
free monthly "Preview," and a convenient form will always be provided
for my use if I do not wish to receive a forthcoming selection. You will
bill me the special Guild price for each book I take. This will always be
at least 40%, often as much as 60%, below the price of the publisher's
edition. (A modest charge is added for shipping.) For each four monthly
selections or alternates I accept, I may choose a valuable bonus book
from the special bonus catalog.

Mr.
Mrs._
Miss (Please Print)

If you wisii to ciiarge ali

books to your credit card,

give account number:

D Diners' n AmExpress

City.

If under 18,
have parent sign tiere:

Canadian Enquiries write to address above. For your convenience, bool<s will be shipped from our
Canadian office. Offer good in Continental U.S.A. and Canada only. 3^



The Only Camera That Solves All the

Exposure Problems in Nature Photography:

Introducing the Beseler Topcon D-1

TELEPHOTO:
make distant

subjects close.

Use a D-T with

this Beseler

Topcon 100mm
f/2.8

WIDEANCLE and
FILTER: get

breadth, space,

perfect cloud
rendition with

this Beseler

Topcon 25mm
f/3.5 and Y-2

filter

CLOSEUP: fill

the entire D-1

viewfinder with

an insect's eye; use

this Beseler Topcon
135mm f/4 Macro
with Focusing

Ext. Tube

LENS
INTERCHANGE:
get every shot; in

only 3 seconds
change from the

normal 58mm f/1.4

(top) to the 200mm
f/5.6 (bottom)

LIGHT CHANGE; get

instant reaction to

all light changes
with the

Beseler Topcon
Patented

Meter-in-

the- Mirror

There are 5 situations in nature photography that require special exposure handling:

1) using a telephoto lens, 2) using a wideangle lens, 3) using filters, 4) making extreme

closeups, 5) compensating for light changes as the changes occur. The ONLY camera to

give you absolutely perfect pictures in these 5 situations, or any combination of them, is

the new Beseler Topcon D-1.

An exposure meter built in behind-the-Iens (the Patented Meter-in-the-Mirror) operates

with all lenses, filters, attachments, types of light, tubes, extensions, films. It tells you the

100% correct exposure for a snow-capped mountain at 40 miles, or an insect's eye at 1 inch,

or a passing flight of birds. This exclusive D-1 exposure system reacts INSTANTLY to light

changes and automatically tells you the very moment the change occurs.

^.^.fgo-^-r^

The only camera designed for nature.

The Beseler Topcon D-1 is incredibly

accurate. It is the smoothest-working,

fastest-operating 35mm single-lens-reflex in

existence (interchange lenses in 3 seconds).

It is a magnificent instrument, gives you in-

escapably beautiful pictures— all the time.

It is the only camera designed for nature.

Beseler Topcon D-1

Camera shown is with 58mm f/1.8 Topcon

Automatic. Under $269.50. At better stores

or write Charles Beseler Company, Dept. 15,

East Orange, New Jersey 07018.
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The Only Camera That Solves AU the

Exposure Problems in Nature Photography:

Introducing the Beseler Topcon D-1

TELEPHOTO:
make distant

subjects close.

Use a D-1 with

this Beseler

Topcon lOOmra
f/2.8

WIDEANGLE and
FILTER: get

,

breadth, space,

perfect cloud
rendition with
this Beseler

Topcon 25mm
f/3.5 and Y-2

filter

CLOSEUP: fill

the entire D-1

viewfinder with

an insect's eye; use

this Beseler Topcon
135mm f/4 Macro
with Focusing

Ext. Tube

LENS
INTERCHANGE:
get every shot; in

only 3 seconds
change from the

normal 58mm f/1.4

(top) to the 200mm
f/5.6 (bottom)

LIGHT CHANGE: get

instant reaction to

all light changes
with the

Beseler Topcon
Patented

Meter-in-

the- Mirror

There are 5 situations in nature photography that require special exposure handling:

1) using a telephoto lens, 2) using a wideangle lens, 3) using filters, 4) making extreme

closeups, 5) compensating for light changes as the changes occur. The ONLY camera to

give you absolutely perfect pictures in these 5 situations, or any combination of them, is

the new Beseler Topcon D-1.

An exposure meter built in behind-the-lens (the Patented Meter-in-the-Mirror) operates

with all lenses, filters, attachments, types of light, tubes, extensions, films. It tells you the

100% correct exposure for a snow-capped mountain at 40 miles, or an insect's eye at 1 inch,

or a passing flight of birds. This exclusive D-1 exposure system reacts INSTANTLY to light

changes and automatically tells you the very moment the change occurs.
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The only camera designed for nature.

The Beseler Topcon D-1 is incredibly

accurate. It is the smoothest-working,
fastest-operating 35mm single-lens-reflex in

existence (interchange lenses in 3 seconds).

It is a magnificent instrument, gives you in-

escapably beautiful pictures — all the time.

It is the only camera designed for nature.

Beseler Topcon D-1

Camera shown is with 58mm f/1.8 Topcon

Automatic. Under $269.50. At better stores

or write Charles Beseler Company, Dept. 15,

East Orange, New Jersey 07018.
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Explore the fascinating
Tvorld of the forest

TAKE THIS BEAUTIFUL COLOR VOLUME

for only
1/ regular series \

I price $3.95 I

\ per volume J

Meet birds that dance — mice that climb

trees — seeds that "hitchhike" — see

the cunning lynx in a death race with a

rabbit — watch two giant bull moose
battle for their mate — discover the ex-

citing drama of the forest in this lavish

7V2 X lOVz inch book with over 160 bril-

liant photos, most in glowing full color.

A SPECIAL OFFER TO INTRODUCE YOUR FAMILY TO

OUR LIVING WORLD OF NATURE
Produced with the cooperation of the United States Department of the Interior

The liny white-footed mouse
stashes away hundreds of
acorns for winter-eating.

NOW, you and your family can ex-
plore the fascinating world of

The Forest in all its infinite beauty and
breath-taking drama!

In more than 280 revealing photo-
graphs, drawings, maps, and charts —
and exciting narrative — you will be
guided through this extraordinary
community — see birds, plants, mam-
mals, insects, reptiles — all feeding and
growing in the amazing "web of life"!

Take this thrilling Nature tour. You
will roam the mysterious forest floor,
;arpeted with petals, seeds, twigs,
feathers, and leaves . . . meet gray fox
pups out on a training expedition . . .

see a mountain lion carefully camou-
"laging his catch for his next meal.

You will travel up to the treetops
Afhere the red-banded leafhopper, a
rue gourmet, feeds only upon the
ender topmost leaves, and where a
ietermined woodpecker drills holes in
ree trunks, then methodically stuffs
hem with acorns!

As you browse through these pages,
;ou will learn why all plant and animal
ife depends ultimately on the sun's
energy . . . why leaves turn different
•olors in autumn (and why they fall
iff)

. . . discover amazing "food

ctiains" in which energy is eventually
returned to the soil!

Explore the whole of America's great
outdoors. The Forest is offered for $1
to acquaint you with the remarkable
new program. Our Living World of
Nature. Developed by McGraw-Hill
Book Company and the publishers of
the famed World Book Encyclopedia,
this unique series of books enables you
to see Nature as it actually exists —
in complete and distinct communities.

As a subscriber to this series, you
will visit such fascinating communities
as The Desert — The Seashore — The
Mountains — witness the courtship of
animals, the birth and growth of their
young, their search for food, their fun
and play. This environmental ap-
proach to understanding Nature will
help your child develop a new appre-
ciation for the world of living things.
He will treasure every volume for its

clear explanations of Nature's most
inspiring phenomena.

Each volume is written by a leading
naturalist and contains hundreds of
beautiful illustrations—sparkling color
photographs, detailed line drawings,
fascinating maps, informative dia-
grams, and much more.

Enjoy the Forest for $1. To introduce
Our Living World of Nature, we
will send you The Forest for a 10-day
FREE examination. If you are de-
lighted and wish to continue with the
program, send only $1. (Otherwise, re-

turn the book, tell us you do not wish
to continue, and one nothing.)

If you do continue, you will be sent
a beautiful new volume every two
months (for a 10-day FREE examina-
tion) which you may purchase, if you
wish, for the subscriber's low price of
only $3.95, plus postage. (Regular
bookstore price: $4.95.) You may take
as few or as many books as you like
— and may cancel your membership at

any time. Mail the card today. Our
Living World of Nature, Box 3115,
Chicago, Illinois 60654.

These giant blossoms of the
lowering tulip tree often
measure 8 inches across.

This timber wolf preys on
sick deer, moose, caribou
— keeps herds healthy.

Among forthcoming volumes in the series

Leading Nature Authorities
Praise This Spirited Publishing Venture

"You are to be commended for undertaking such a program
of service and education."

Stewart L. Udall
Secretary of the Interior

"... a beautiful and informative series of nature books
which should be useful in every home and school library."

Dr. Olin Sewall Pettinsill. Jr.
Author, lecturer, naturalist

" This new Nature Series will be welcomed ... Its modern
approach deals with nature as a living community. Each
volume is beautifully illustrated with photoaraphs that por-
tray nature as it really is. I recommend it highly."

Richard B. Fisher
Associate Professor
Cornell University

"... a superb series of books, magnificently planned and
lavishly illustrated to cast a bright new perspective on the
world of living things."

Dr. Rupert L. Wenzel
Curator of Entomology
Chicago Natural History Museum
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COVER: Patricia Caulfield, whose article on alligators begins on page 52

suspects that the blue color of this Everglades alligator results as much froii

diet as from incident light. Specimens she subsequently savf in more northerl;

habitats were distinctly darker in color. This was the first alligator she haii

photographed, and she describes the experience as "somewhat testy." Her cami

era lens focused no closer than thirteen feet, and as long as the alligator stayec

in focus, she was safe. When vision through the viewfinder blurred, as it di(

immediately after she took the cover photograph, retreat became imperative,

The American Museum is open to the public without charge every day

during the year. Your support, through membership and contributions,

helps make this possible. The Museum is equally in need of support

for all of its work in the fields of research, education, and exhibition.

Publication Office: The American Museum of Natural History, Central Park West at 79th Street, New Yor4

N. Y. 10024. Published monthly, October through May: bimonthly June to September. Subscription: S7.00

year. In Canada, and all other countries: $7.50 a year. Single copies S.70. Second class postage paid I

New York, N. Y., and at additional offices. Copyright, 196(), by The .American Museum of Natural Historj

No part of this periodical may be reproduced without the written consent of Natuhal History. Unsolicite

manuscripts and illustrations submitted to the editorial ofiice will be haniilcd with care, but we cannot assum
responsibility for their safety. The opinions expressed by authors are their own and do not necessarily reflei

the policy of The American Museum. Natukai. History is indexed in Reader's Guide to Periodical Literaturl



Four important new additions to PRAEGER'S
highly important books in archaeology

—

The ANCIENT PEOPLES AND PLACES

"For several years Praeger
has been publishing one of
the most interesting series of

books in the trade, Ancient
Peoples and Places, underthe
general editorship of Glyn
Daniel. . . . They are beauti-

fully produced and illustrated

and relatively inexpensive for
what they offer."

—Kenneth Rexroth,
in Book Week

'^^^^g^^o,
^i^S*-

"he four new titles

THE MAYA
'illCHAEL D. COE. The Maya were the most advanced of the
American Indians and one of the most important of the New
Vorld civilizations. The author, Associate Professor of Anthro-
lology at Yale, makes use of recent archaeological finds to
flescribe Mayan life and art. ca. 250 pp. ca. 75 photogs., index.

November

THE GEORGIANS
)AVID MARSHALL LANG. A detailed study of the Georgian
leople of the Caucasus from the Lower Paleolithic Era through
heir conversion to Christianity and their emergence as a civ-

ization rich in epic, romantic, and historical writings. The
uthor is Professor of Caucasian Studies at the School of
)riental and African Studies, University of London, ca. 250 pp.
4 photogs., 41 line drawings, maps, table. November

3. REPUBLICAN ROME
A. H. McDonald. The dramatic history of Republican Rome
from the founding to the years when Rome was mistress of
the Mediterranean and then through the century of its de-
cline. Dr. McDonald was formerly Professor of Ancient World
History at Sydney University, ca. 220 pp. 88 photogs., 12 line

drawings, maps, table. Just published

4. ARCHAEOLOGY UNDER WATER
GEORGE F. BASS. In this general introduction to the exciting
new science of underwater archaeology, American archaeol
ogist George Bass discusses underwater search and survey
draining and raising operations, salvaging artifacts and pre
serving underwater finds, and mapping and recording under-
water sites. 224 pp. 63 photogs., 44 line drawings, maps
Just pub//shed

PREVIOUSLY PUBLISHED
THE EGYPTIANS

/ril Aldred

THE VIKINGS
olger Arbman
THE IBERIANS

itonio Arribas

TROY AND THE TROJANS
arl W. Blegen

THE ETRUSCANS
aymond Bloch

i). THE ORIGINS OF ROME
aymond Bloch

1. SICILY Before the Greeks
evised Edition

Bernabo Brea

I. PERU Revised Edition
. H. 8. Bushnell

i. CELTIC BRITAIN
ora Kershaw Chadwick

I. EAST ANGLIA
. Rainbird Clarke

15. MEXICO
Michael D. Coe

16. THE GREEKS IN IONIA
AND THE EAST
J. M. Cook

17. THE GREEKS UNTIL
ALEXANDER
R. M. Cook

18. THE MEDES
AND PERSIANS
William Culican

19. WRITING
Its Origins and Early History
David Diringer

20. SOUTHERN AFRICA
During the Iron Age
Brian M. Fagan

21. SOUTH WEST ENGLAND
Aileen Fox

22. THE BALTS
Marija Gimbutas

23. THE EARLY CHRISTIANS
Michael Gough

24. THE CANAANITES
John Gray

25. SARDINIA
Margaret Guide

26. THE PHOENICIANS
Donald Harden

27. POLAND
Konrad Jazdzewski

28. JAPAN BEFORE
BUDDHISM Revised Edition
J. Edward Kidder, Jr.

29. THE LOW COUNTRIES
S. J. de Laet

32. NEW GRANGE 40. THE MYCENAEANS
And the Bend of the Boyne Lord William Taylour

30, ECUADOR
Betty J. Meggers

31. CZECHOSLOVAKIA
Jiri and Evzen Neustupny

Each volume, magnificently Illustrated, $7.50

Sean P. O Riordain
and Glyn Daniel

33. EARLY CHRISTIAN
IRELAND
Marie and Liam De Paor

34. THE CELTS
T. G. E. Powell

35. COLOMBIA
Gerardo Reichel-Dolmatoff

36. SWEDEN
Marten Stenberger

37. WESSEX
Before the Celts
J. F. S. stone

38. THE BYZANTINES
David Talbot Rice

39. THE SELJUKS
In Asia Minor
Tamara Talbot Rice

ROMANS
J. M. C. Toynbee

42. CENTRAL AND
SOUTHERN ITALY
Before Rome
David H. Trump
43. CHINA
Before the Han Dynasty
William Watson

44. BONES, BODIES
AND DISEASE
Evidence of Disease and
Abnormality in Early Man
Calvin Wells

45. EARLY INDIA AND
PAKISTAN
Sir Mortimer Wheeler

46. THE ANGLO-SAXONS
David Wilson

At your bookstore, or use the coupon now.

FREDERICK A. PRAEGER, Publishers, 111 Fourth Avenue, New York, N.Y. 10003
Sirs: Send me, postpaid, a copy of each of the numbered
titles, listed above, 1 have circled here. Each volume is

priced at $7.50. M^ n check n money order for $
is enclosed.

Name-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

34 35 36 37 38 39 40 41 42 43 44 45 46

Address^

City, State, Zip . .

New York residents, please add sales tax



QUESTAR TAKES TELESCOPIC MOVIES

We^ve been saying for years that a heavy movie camera attached to the miniature Questar would be like the tail

wagging the dog, and to couple and support such a combination, most difficult. But now we are eating our words—tail

and dog are in beautiful balance with our new Camera Cradle shown here with Questar and Bcaulieu 16 mm. A
Questar C-Mount .Adapter makes the connection. Cradle is adjustable for all cameras and adapts also to the New
Field Model Questar. Here it is shown mounted on our Linhof Heavy Duty Professional Tripod and Pan Head.

"Capturing Qucstar's superb resolution on
movie film is very exciting work!" This comment
is from the Davises in Sarasota, Florida, who
have been doing some experimental work with

their Questar and the Bcaulieu 16 mm. "Using
Questar with a suitable movie camera can be

completely successful," they said, "if one remem-
bers that with Qucstar's enormous magnification

the problems of vibration and 'seeing' conditions
must be dealt w ith, just as in high-resolution still

photography."
They approve our Camera Cradle solution to

the heavy camera problem and suggest that tele-

scope and camera be coupled as closely as possible,

also that pictures be taken in bright sunlight, with

Plus-X and Ektachrome E.M.S. the most satis-

factory films, at 16 and 24 frames per second for

general work. Further, they point out that a pre-

cision-made tripod designed for cine photography
is mandatory lor such high powers.
The Questar C-Mount Adapter is designed to

provide minimum separation between "scope and
camera. This promotes rigidity, makes possible a

lower F-stop, permits shorter exposures and finer

grain emulsions, and enhances image brightness,

thereby making sharp focusing easier. The
adapter will fit all 16 mm. cameras.
The Davises found Qucstar's finder system

extremely useful in locating and identifying the

objects to be photographed. With a little practice

they were able to find their subject and refocus
quickly in the camera.
We are proud now to add the Bcaulieu 16 mm.

movie camera to our growing list of superbly
crafted and suitable accessories that not only
enhance the enjoyment of the Questar telescope
but more fully utilize its superb optical system.

Yellow-shafted flicker

on its nest in dead
palm, photographed
with Questar-Bcatdieu

combination at J50' <ni

Plus-X 16 mm. nega-

tive film {to permit en-

largement). Cover shot

made with 25 mm. lens.

^fl^-l

WORLD'S FINEST, MOST VERSATILE SMALL TELESCOPE. FROM $795.
SEND ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE IN NORTH
AMERICA, BY AIR TO REST OF WESTERN HEMISPHERE. $2.40, EUROPE
AND NORTH AFRICA, $2.50, AUSTRALIA AND ALL OTHER PLACES, $3.50. BOX 60. NEW HOPE, PENN. 18938
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Dr. Alexander

y

ABOIa

Dr. Freudcnthal

Dr. Richard D. Alexander, authc

"The Evolution of Cricket Chirps,

both Professor of Zoology and

Curator of Insects at the Universit

Michigan. Author of nearly forty art

on the behavior of insects, Dr. Alexa

is currently researching the system,

of sound-producing Orthoptera and

adidae. He received his Ph.D. in i

mology from Ohio State University

is presently a Fellow of the Ohio A

emy of Science and the American

sociation for Advancement of Scif

Dr. Alexander received the AAAS 1

comb Cleveland Prize in 1961 fi

paper on the use of cricket behavic

taxonomy. He is a member of se

scientific societies.

William J. Schneider, who V

"Water and the Everglades." is

Hydrologist of the Water Resource

vision, U.S. Geological Survey. De

ment of the Interior. An enginee

training. Mr. Schneider's principa

entific interest is the relation of wal

its natural and cultural environrr

He has written several articles on i

resources and, for the past four y

has been serving as consultant to

logical Survey work in the Everglad

the application of aerial photograp

water resource studies. He is cun

in Thailand on an assignment fo

United Nations to evaluate the

resource data program for the Mi

River Basin.

Previous contributors to Nat
History, Drs. Hugo Freudentha!



Dr, McLaughlin Mr, Schneider

^HE AUTHORS

Dr. Lee

[N Lee are Research Fellows at The

erican Museum of Natural History.

John McLaughlin, third co-author

''Some Symbionts of the Sea," is

lirman of the Biology Department of

dham University. Dr. Freudenthal is

irman of the Graduate Department

»larine Science of Long Island Uni-

.ity, and Dr. Lee is Assistant Profes-

of Biology at the City College of New
k. All three have been associated

I Haskins Laboratories, and received

r doctorates in protozoology from

York University. Their main en-

vox is the culture of marine micro-

inisms.

ATRiciA Caulfield, author and pho-

apher of "Alligator." is Executive

;or of Modern Photography. Her in-

st in the natural world and marine

ogy led her to Florida where she

led the Everglades, specifically its

'ators, during the past year. She was

^d in her research and photography

he Florida Game and Fresh Water

II Commission and the National Park

'ice. Miss Caulfield is learning skin

ng in a YWCA pool to help her in

re studies. A graduate in history

1 the University of Rochester, she is

ee-lance photographer and has pre-

sly written for Natural History.

R. Nancy Oestreich Lurie. who
te the article on the American In-

, is Associate Professor of Anthro-

gy at the University of Wisconsin in

waukee. In 1961, she was Assistant

)rdinator of the American Indian

Miss Caulfield

Chicago Conference. She has both writ-

ten and lectured on the contemporary

American Indian and was, for ten years,

consultant and expert witness for attor-

neys representing tribal clients before

the U.S. Indian Claims Commission.

During the past year she was a lecturer

in ethnology, under the Fulbright-Hays

Program, at the University of Aarhus in

Denmark. She received a doctorate in

anthropology from Northwestern Uni-

versity and is a Fellow of the American

Anthropological Association. In addi-

tion. Dr. Lurie has done field work

among Indians of Wisconsin, Nebraska,

and Canada.

The reviewers of Natural History's

1966 Survey of Science Books for Young
People are all associated with the scien-

tific staff of The American Museum of

Natural History. Dr. Rhoda Metraux,
of the Anthropology Department, is cur-

rently field director of a project on the

cultural structure of imagery. Dr. Ken-
neth Franklin is an astronomer at the

Hayden Planetarium. A consultant in

ecology to the Kalbfleisch Field Research

Station, Dr. Jack McCormick is also

Curator and Chairman of the Depart-

ment of Ecology and Land Management
at The Academy of Natural Sciences of

Philadelphia. Dr. Roger Batten is an

associate curator in the Department of

Fossil Invertebrates. Dr. Evelyn Shaw
and Kenneth Cooper are with the De-

partment of Animal Behavior—she as as-

sociate curator and he as a scientific

assistant.

I Wild QzU%um^
A Springbok Circular Jigsaw

Puzzle'' Brings Outdoors Indoors
Maynard Reece, wildlife authority and
painter, has combined desert, woodland
and meadow blossoms in a colorful and
accurate circular design for puzzlers.
Each flower is identified on the box.

Setid for catalog of $3.50

• BACCHUS MOSAIC
A third century Roman mosaic of the
wine god with his attributes. Incredible
detail!

• ZODIAC
18th cent, chart of
Southern Hemi-
sphere — descrip-
tion by Dr. K.
Franklin. Hayden
Planetarium.

• SONGBIRDS
Stunning aviary of
30 colorful birds by
Eckelberry makes a
singing puzzle.

• BUTTERFLIES
25 species in breath-
taking color by Jean
Day Zallinger flut-

ter in exciting cir-

cular puzzle.

•CONVERGENCE
World's most diffi-

cult jigsaw puzzle
by Jackson Pollock,
America's great ac-
tion painter.

f

y

$3.50 At Better Department, Gift,
Stationer> and Book Stores

or send Si 50
plus 50<^ postage and handlmfi to

SPRINGBOK EDITIONS'
Dept. NHl, 500 rfth Avenue NYC 1CC36

Now!

Learn to

Paint in Oils

in Only 24 days
Amaze yourself, your friends

SEND FOR FREE DETAILS

Here at last -a LOW-COST learn-athome

program that teaches you, step by step,

how to paint in oils. "The Hartley Course

in Oil Painting" starts you painting can-

vasses right away. And, in 24 days or less,

you may do oil paintings you'll be proud

to display in your home or give as gifts to

friends.

You don't need ta/enf— /ust the urge io

paint. Course created especially for be-

ginners who want to learn in spare time at

low cost. Send coupon below for FREE
details. NO SALESMAN WILL CALL.

Hartley Course In Oil Painting,

Dept. 6576-PI
Village Square, West Nyack, N.Y. 10994

Please send FREE details on how I can learn to

paint in oils in 24 days— in spare time and at

low cost.

Name_

Address _

City _State_ .Zip.



Gertrude Stein recites
// / Told Him (A Com-
pleted Portrait of Picas-
so)^ Madame Recamier,
Matisse, and other works.

Sean O'Casey reading
selections from Juno and
the Paycock, Pictures in
the Hallway, Inishfallen
Fare Thee Well,

T. S. Eliot interpreting a
choice selection of his
poetry, including Pruf-
rock. Portrait of a Lady,
Ash Wednesday, Marina.

William Faulkner reads
his famed Nobel Prize
Acceptance Speech, se-

lections from As I Lay
Dyings and other works.

Carl Sandburg reads
Windy City, In Tall
Grass, Four Preludes.
Southern Pacific, and
other well-known poems.

Albert Camus The great
writer reads, in French,
important selections from
La Peste, L'Etranger, La
Chute and L'Et^.

John Masefield, the
British poet laureate,
reads Sea Fever, Car-
goes, The Downland, and
other favorites.

M \ k I A N

MOOHK

Marianne Moore in se-

lections from her delight-
ful poetry and her trans-
lations from the enchant-
ing Fablesoll^Si Fontaine.

H.LMEHCKEN



A special invitation from Caedmon Records

Listen...as the great writers

and poets ofour time read from
their most memorable works.

To HEAR A GREAT WRITER interpreting his work
is a rare and exciting privilege. Suddenly, you

are confronted with all of the rich creative power
of the artist. The sound of his voice ... his manner
. . . the very emphases he gives his words . . . offer

you a fresh insight into his art, and a fuller under-

standing of his thought, style, and technique.

Caedmon Records invites you to enjoy this

unique experience through the unusual recordings

shown on these pages.

Here, you will discover the Ernest Hemingway
known only to his intimate circle ... the teller of

tall tales, the tender man in love, the brash and

bawdy wit, the serious searcher for truth. You will

hear T. S. Eliot reading the most famous poetry of
the twentieth century, in a voice precise and angu-
lar .. . adding new meaning and intensity to the

verses. You will delight in the lilting style of Dylan
Thomas, as he delivers an affectionate rendition

of his captivating A Child's Christmas in Wales,

and reads his poems to you.

Caedmon records are available at fine record

and book stores. Or, you may order any of the

albums shown simply by using the coupon pro-

vided. Please enclose check or money order. We
will pay postage anywhere in the United States.

(Tennessee Williams
reads moving scenes from
The Glass Menagerie^
selected poems, and his
story. The Yellow Bird.

Ezra Pound in selections
from iiis brilliant Cantos,
Moeurs Contemporaines,
Cantico del Sole, Hugh
Selwyn Mauberley.

Edna St. Vincent Millay
interpreting her most

'{famous poems, including
Renascence, This Beast
hat Rends Me, Elegy.

E. E. Cummings in se-

lections from his poetry,
including when god de.
cided to invent, santa
claus, I say no world.

At better record and book
stores, or mail this coupon

A unique literary document . .

.

ERNEST HEMINGWAY'S ONLY RECORDING
New! This historic album was created from the now-
legendary tape recordings Hemingway made for himself

and his friends in the years 1948-1961. They have never
been available to the public. Selections include Second
Poem to Mary; Saturday Night at the Whorehouse in

Billings, Montana; the moving Nobel Prize Acceptance
Speech; In Harry's Bar in Venice, and other works. Back-
ground notes by Mary Hemingway and A. E. Hotchner.

CAEDMON RECORDS
505 Eighth Avenue, Dept. 129, New York, N. Y. 10018

Please send the albums I have indicated at the right. I en-
close my check or money order for $5.95 in full payment
for each album. (Add sales tax where necessary.) I under-
stand that you will pay postage and shipping charges. All

of these spoken-word albums are 12-inch long playing
records which may be used on any 33 '/3 rpm phonograph.

Name.

Address.

City.

State Zip Code.

CHECK THE ALBUMS
YOU WISH:

n Robert Frost

n Gertrude Stein

D Sean O'Casey

n T. S. Eliot

n William Faulkner

D Carl Sandburg

n Albert Camus

n Tennessee
Williams

n Ezra Pound

n Ernest Hemingway

n John Masefield

Q Marianne Moore

D H. L. Mencken

D Dylan Thomas

D Edna St. Vincent
Millay

D E. E. Cummings

Please send your
complete 72-page
catalogue



Early next year Congress will be debating the future \

of the American Indian. Legislative proposals will I

come from the Department of the Interior, which at !

regional meetings this month is giving tribal spokesmen-

an opportunity to speak out. The folloiving viewpoint by I

an anthropologist specializing in Indian studies delves

by INIancy OsS'tPGich LuPie into the attitudes and aspirations of the Indians today

ENDURING
INDIAN

FOR well over a century, the imminent

disappearance of the American In-

dian has been predicted, albeit some-

times regretfully, by poets, missionaries,

politicians, scholars, and the public at

large. What are the facts? The Indian

population has increased steadily since

about 1900. Simultaneously, Indian cul-

tural distinctiveness has persisted. Also,

although Indians are our most "'popular"

minority, their standard of living has re-

mained well below the national average.

Concerned white persons, benevolent

but often woefully uninformed, are

quick to offer a solution for what they

imagine is the Indian problem: "Turn

the Indians loose." The curious reality

is that for generations we have been try-

ing to turn the Indians loose from their

identity as Indians. There has been a

steady "spin-off" of individuals into the

larger population for more than a cen-

tury, but it has not been adequate to re-

verse the trend of expansion of Indian

communities. If anything, it seems to

select the potentially disturbing ele-

ments, from the Indian point of view,

and leaves the more like-minded and

determinedly Indian to perpetuate the

Indian communities.

These communities distress the aver-

age non-Indian citizen as pockets of pov-

erty and rural slums. They also distress

Indian people—those who live in them
and many others who live and work in

cities but hope to return to their Indian

communities upon retirement. Mean-
while, they visit their old homes fre-

quently and often send children to stay

with grandparents and learn tribal lan-

guages and traditions.

Such ethnic insularity is somehow un-

American to many people. They become
indignant when they begin to grasp

what Indians seek: recognition and re-

spect for what Indians consider their his-

torical and legal right to be Indians,

while being helped understandingly to

improve their material conditions in

ways that will retain, use, and develop

their own cultural heritage. The opinion

is often voiced that this will merely per-

petuate the reservation system, which
already has isolated Indians too long,

permits them to live in idleness on un-

taxed reservation land, and accounts for

their not becoming integrated. However,

this argument is not convincing. There

are many non-reservation communities,

some of which have never had federal ties

or assistance. Yet they remain as defin-

ably Indian as the official reservation

communities. And in trying to adapt

effectively and attain a decent standard

of living they face the familiar problem.

They find that sympathetic whites are

too eager to help them get over being

Indians entirely or else expect them to

be living museum pieces.

"Indian" Culture

IT
is, of course, necessary to specify

what we mean by Indian people and

Indian culture. Including approximately

45,000 Eskimos and Aleuts, the native

population of the United States and Can-

ada is close to 1.000,000, their probable

strength at the beginning of European
contact. However, less than 500.000 are

enrolled with the U.S. Bureau of Indian

Affairs and approximately 225,000 with

the Canadian departments that deal with

Indian and Eskimo affairs. Both the offi-

cially recognized and the self-identified

Indians are racially mixed, but usually

have at least one-fourth native ancestry,

most have less than one-fourth to zero

non-Indian ancestry. If we were to count

all the people with known Indian fore-

bears in the way that Americans of frac-

tional, but known, Negro ancestry are

considered Negroes, we would have an

"Indian population" upwards of 10.000.-

000. That even a tenth of that number
have gone on being Indians is all the

more surprising because the option to

assimilate is far more open for Indians

than for almost any other minority, par-

ticularly of non-European origin. In

practically any chance gathering of

Americans, when Indians are mentioned,

one is likely to find persons proudly

claiming Indian ancestry who, to all ap-

pearances, are white. This is in marked
contrast to people who "pass" in the

dominant population but whose success

depends on keeping even remote Negro
ancestry a secret.

The important point is that Indians

are essentially an ethnic or cultural mi-

nority rather than a racial one; they

derive their identity from association in

culturally and socially distinct Indian

groups. People who make up the recog-'

nized Indian population, in contrast to

the many millions of whites who proudly

admit to "Indian" ancestry, think of

themselves first as Sioux, Navaho, Chip-

pewa, or whatever the case may be. and

secondarily simply as Indians. When we
speak of Indian culture today, of course,

it is not aboriginal or even the culture

of the fur trade or the Indian wars so

familiar to television viewers, although

there are viable persistences from vari-

ous past periods, as is true of any con-

temporary culture.

Also, we must speak both of Indian

cultures and Indian culture. There are

many different kinds of Indian commun-
ities, and today all have much in com-

mon with other American communities.

But, to varying degrees, they also have

their own interwoven complex of local

features that are clearly aboriginal in

origin, such as language or religion.

They also have features borrowed from

white culture that are now so thoroughly

adapted as to be part of the local Indiar ,

culture, such as items of dress, diet, oi
,

even occupations and crafts. Then therf

are both aboriginal and highly adapter,

characteristics that have become widely

diffused and are shared by many tribes

Some of this common Indian culture ap

pears to be very old: such as decisior

making by consensus rather than ma
jority rule; social control by indirectior

and persuasion rather than direct con

frontations; and a distinctive humor anc

oratory, even in the use of English

Where the diffusion of traits has spreat

from tribe to tribe in relatively recin

times, often having originated in tin

nineteenth-century culture of the Plain

tribes and continuing to the present, tin

anthropological literature refers to Pan
Indian traits. These are exemplified ill'

the costuming, music, and dance form

of modern intertribal social gathering

known as powwows. But, Pan-Indianisn

has also come to include a broadenin;

awareness of "Indianness" in contras

to the white world and, particularl

since World War II, the grovrth of intei

tribal organizations devoted to question

of Indian rights and aspirations. Tw
questions must then be raised. How hav

lO



African Panoranimal.
Aardvarks to zebras. In person. At home. Clip our coupon for details. It won't bite.

If you weren't interested in

natural history, you wouldn't be

reading this magazine. But we're

proposing something less vicarious.

Two things, actually.

The first is called aWing Safari.

Wing your way from New York
to London to Africa aboard sleek,

swift BOAC jetliners. Then spend
three weeks winging your way
over Africa in a twin-engined
Piper Aztec. Over the broad plains

of Serengeti, above the snow-
capped peak of Mt. Kilimanjaro.

Following a route land vehicles

could never foUow.The cost for this

adventure is $2,034* from New-
York.That includes everything:

round-trip flight, meals, pilots and
special guides. Departures from
Boston, Miami, Chicago, Detroit,

San Francisco and Honolulu, too.

The second is called a Value
Safari. It's more down to earth,

but the earth will be trod by rhino,

zebra, elephants, et al. You'll

spend three weeks on and off the

beaten path, seeing the best parts

of Uganda, Kenya,Tanzania.
Cost ? $1 ,529*, everything included,

same as above.You might even

want to start your own zoo when
you're through.

At least shoot the coupon to us so

we can send you all the details.

•Based on 14/21-dov midweek jet economy
excursion fore from New York.

AMD BOAC CUIMARD
SERVICES OPERATED FOR BOAC CUNARD BY BOAC

British Overseas Airways Corporation

Dept. BE-253
Bo.x No. VC 10

New York, N.Y. 10011

Wing Safari D

Name

Street

City

Value Safari D

State. -Zip Code

My Travel Agent is.

01-32A
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generous the payments might be for

land, mere money and goods could not

compensate the Indians sufficiently. So.

special governmental departments were

established to help the Indians adjust

to their reduced circumstances, and the

governments increasingly interpreted

this moral obligation as helping the

Indians to become indistinguishable as

individuals from the rest of society.

This was not the Indians' interpreta-

tion. They looked upon treaties and

agreements as permanent guarantees of

a final homeland where they would have

opportunity to select and incorporate

new skills and utensils to re-establish

effective community life in mutually

agreeable relationships. Tribes had been

making such adaptations voluntarily for

a long time: acquiring new goods, exper-

imenting with new economic habits in

both production and consumption, nego-

tiating with whites, and keeping their

own identity as distinct communities.

It is also significant that the great ma-

jority of tribes were placed on reser-

vations during the nineteenth century,

just at the time that industrialization,

urbanization, and the great influx of

immigrants from all parts of Europe
were contributing to the economic di-

versification and cultural heterogeneity

of American life.

Yet our Indian Bureau clung to an

eighteenth-century ideal of self-sufficient

rural agrarianism. which the Indians

increasingly found an unattractive and

impractical fulfillment of the promise to

help them become established. Sullen

apathy set in on their part—and increas-

ing authoritarianism on the part of the

Indian Bureau. However, if the Bureau

could not make much progress with the

folks at home, it began to take pride in

the record of those Indians who were

exploring the opportunities of the cities.

The Tribal Tradition

RELATED to this Underlying confusion

of premises regarding governmental

bligations is the second important

factor: Indian traditions are not "our"

raditions. The Indian removals and re-

groupings of the nineteenth century

were unlike the migrations of adventur-

jus or dissident individuals or families

willing to dissociate themselves from

heir societies of origin for political, eco-

lomic. or religious reasons. Nor were

Indian removals, albeit sometimes under

luress. like the transport of slaves from

\frica. Negroes were brought as cargoes

)f individuals having little in common
DUt their fate of captivity. Any lingering

ies of community to Africa were sys-

ematically destroyed by their dispersal

)ver a broad agricultural region.

In contrast, the Indian communities

aad not lost their traditions. They re-

renched with either all, or a significant

egment, of their usual personnel still

Continued on page 18
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Calling all boys
and girls

to delight in the

new classic by the

outstanding nature
writer

Robert
Murphy
author of The Pond, winner
of the 1964 Button Animal
Book Award, who now tells

the touching story of the

friendship between a lonely

boy and a migrating gander
who fell wounded at his feet.

WILD GEESE
CALLING Illustrated by

John Kaufmanii

WINNER OF THE BUTTON JUNIOR
ANIMAL BOOK AWARD FOR 1966

$3.50 DUTTOIVm

This single-lens reflex

is no single-lens reflex
Fact is, it accepts twenty-odd lenses — all Nikkors, and all of them
interchangeable — same as the Nikon F.

To this assurance of picture quality, the nev^ Nikkormat FT adds the

certainty of exposure accuracy. It has a built-in meter system which
measures the brightness of the subject through the lens, and couples
it to the lens and shutter settings.

You have to try real hard to get a bad picture with a Nikkormat
FT. Price is $269.50 with 50mm Auto-Nikkor f2 lens. The Model FS,
without meter system, is $199.50. See your Nikon dealer or write

Nikon Inc. Garden City, N.Y. 1 1533. Subsidiary of Ehrenreich Photo-
Optical Industries, Inc. (In Canada:

Anglophoto Ltd. Montreal, P.Q.)
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Significant new

The American Museum
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Hot-dog stands, billboards, concrete, beer cans —
must they be the future of "America the Beautiful"?

FUTURE ENVIRONMENTS
OF NORTH AMERICA

Transformation of a Continent
Edited by F. Fraser Darling and John P. Milton

".
. . it is so appalling that if this is what the world is to look like fifty years

hence, I am glad that I am sixty years old."

This statement by a prominent plant ecologist is just one of the startling

comments that leap off the pages of Future Environments of North
America, one of the most important books ever published by The Natural
History Press.

Just as no single event was responsible for upsetting the balance between
man and nature on our continent, no single skill can set it right.

Future Environments of North America is a complete report of a

conference called by The Conservation Foundation to meet this challenge. It

includes the ideas exchanged and debates held by 34 experts, among them
ecologists, economists, lawyers, and city planners.

The contributors include Raymond F. Dasmann, Pierre Dansereau, Joseph
L. Fisher, Ian McTaggart Cowan, Paul F. Brandwein, Stanley A. Cain, Ken-
neth Boulding, William Vogt, and Christopher Tunnard. Lewis Mumford has
written a summation of the conference.

If you care about the future uses of the land we live on, you will find

Future Environments of North America urgently important reading
now, and an invaluable sourcebook for years to come.

792 pages. $12.50 (less 15% Associate Members' discount).

A special treat |or the youngsters in your family — and you:

BRAIN-BOOSTERS
A Book of Exasperating Nature and Science Puzzles

by David Webster

How can you keep an ice-cube in a shoebox for two weeks? (Without melting,

of course.) What's the easiest way to measure the thickness of a telephone

directory page? Answers to these and 300 other riddles and tricky experiments

appear in the traditional place — at the back of the book. Brain-Boosters is

a wonderfully entertaining excursion into scientific realms — a book that

amuses as it teaches basic principles of biology, physics, chemistry, astronomy,
and mathematics. Some of these puzzles come from the pages of Nature and
Science Magazine, v/h\\e over two-thirds are brand new. A treat for the curious

of all ages. Illustrated. $3.50 (less 15% Associate Members' discount).
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books published for

of Natural History by

^tStory Tress

Ranging in subject matter from the future of
an entire continent to a basic "how to" on rais-

ing guinea pigs and other laboratory animals,

the books on these pages are representative of
the breadth of interest encompassed by The
Natural History Press.

We think they also reflect the wide-ranging
reading interests of many Associate Members
of the Museum. You may examine any or all

of them now, for two weeks, before deciding to

keep them. And if you do keep the books, you
will be billed at the special Associate Members'
discount. Mail the postpaid insert card today.
Or write: The Natural History Press, Depart-
ment 6-NH-ll, 501 Franklin Avenue, Garden
City, New York.

"An important addition io the literature of natural

history and to the bookshelf of any naturalist."

-CHICAGO TRIBUNE

ISLAND LIFE
A Natural History of the Islands of the World

by Sherwin Carlquist

Illustrated with hundreds of drawings, photographs, and color paintings, Island
Life circles the globe from the Aleutians to the Antarctic, throughout the

archipelagoes of the South Pacific and to the islands of the Atlantic and the

Caribbean, in a fascinating exploration of the nature of island life.

The islands of the world have served as the experimental stations and the

archives of evolution; many island plants and animals are among the most
exotic, bizarre, and beautiful forms of life to be found anywhere in the world.

Sherwin Carlquist, Professor of Botany, Claremont College, who has traveled

to many of these islands, now introduces you to their life: the magnificent Bird

of Paradise; that primitive relative of man, the lemur; small herbs that have
grown into fantastic giant trees; ferns that grow on bare lava; the world's

smallest lizard and the largest, wingless birds.

The Virginia Kirkiis Service calls Island Life "an amazing disquisition on
the nature of flora and fauna in island environments." And Daniel McKinley
writes in Atlantic Naturalist. "This book lives up to the promise of its title. It

is crammed with interesting, well-ordered information."

451 pages, 11 pages of color paintings, 126 drawings, 123 photographs.
$9.95 (less 15% Associate Members' discount).

Raising

Laboraw?^
Aniniais

A handbook

research

bv James

aivw

II

Solutions to a key problem for students,

teachers, and hobbyists:

RAISING LABORATORY ANIMALS
by James Silvan

The joy of observing and investigating living animals has tempted the imagina-
tions of many amateur biologists. But the problems involved in keeping small
animals in home or school labs have deterred most. Here is the first handbook
of its kind — a non-technical guide to collecting, raising, and maintaining
animals for research, from protozoa to opossums. All techniques have been
tested and require little or no special equipment. Dr. Silvan also suggests
fruitful lines of experimentation. Illustrated. $4.95 Oess 15% Associate Mem-
bers' discount).
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from Micro

to Astro
From micro to astro, there's an

infinite universe to explore with

the aid of a responsive Yashica

35mm single lens reflex and its

variety of interchangeable
lenses and accessories. Superior

design and construction, includ-

ing such options as thru-the-

lens exposure control, bring the

fascination of truly creative

photography within reach of all.

TL Super with thru-the-lens expo-
sure, automatic f/1.4 lens, under
$260; with f/1.7, under $225. 1-7

with external CdS meter, automat-
ic f/1.4 lens, under $220; with
f/1.7, under $185. J-P with auto-
matic t/2 lens, under $140; with
preset t/2. 8, under .$110; clip-on

CdS meter, $25.

YASHICA
YASHICA INC

.
50-17 QUEENS BOULEVARD.

WOODSIDE. NEW YORK 11377 DeptO

continued from page 13

structurally interrelated by kinship and

other institutions determining mutual

obligations and responsibilities. It was

largely only the outward, most easily

controlled features of Indianness that

could be dealt with or changed—such

aspects of simple survival as housing,

clothing, and diet.

True, today's Indian communities can

hardly be considered tribes according

to precise ethnological criteria of social

organization and leadership. But they

derive directly from a tribal, rather than

a peasant, tradition. Despite long con-

tact with whites, most were still tribally

organized in the nineteenth century,

when they encountered the Industrial

Revolution. By contrast, Americans with

a European or even Asiatic background

generally share cultural traditions that

evolved gradually along a peasant-ur-

ban continuum. This is also true of the

long detribalized Negro in America. He
went largely from rural slavery to tenant

farming. We are all conditioned to look

to the urban industrialized centers di-

rectly as models in patterning our lives

as individuals. We feel ourselves part of

a cohesive over-all tradition.

Most Indians have a different and

more eclectic perspective. They tend to

look to other Indians and their success-

ful experiments for models in selecting

and adapting elements of the larger tra-

dition while resisting absorption into it.

Theirs is a tradition of negotiation, ac-

commodation, and community articula-

tion in regard to outside social and eco-

nomic opportunities. They are not alone,

of course. Gypsies and certain religious

sects seem to operate in the same way

in the United States, but Indians expect

help—or at least acceptance of their

adaptations—to compensate for lands

only they surrendered to the government.

Pan-lndianism

BUT what of the future? Opinions

differ but seem to center in the old

and still expanding phenomenon of Pan-

lndianism and the more recent move-

ment of Indian people to urban areas

since about the time of the First World

War, a period that saw the development

of intertribal neighborhoods and Indian

social centers. It is argued on the one

hand that, to accommodate all the local

tribal differences, Pan-lndianism will be-

come so thin and synthetic that it will di-

lute Indians out of existence as a distinct

minority or. at most, result in the kind of

bland, urban, middle-class cultural plur-

alism that characterizes most immigrant

ethnic groups after several generations.

On the other hand, it is noted that Pan-

lndianism seems to enrich, rather than

replace, local tribal cultures and estab-

lishes a bridge for communication and

transmission of innovations, in both di-

All-time favorite

for excellent reasons

Swift's 7X,35 Triton gives you all the

power and brilliance of image you

need for nature study . . . plus a

good, wide field of view tliat makes it

easy to scan an area and follow small,

fast-moving wildlife. Close focusing

(infinity to 9 feet) lets you test your

skill at stalking, see nesting activ-

ities, etc. as if you were little more
tttan a foot away. Write for literature

or see your Swift dealer.

SWIFT INSTRUMENTS, INC.
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Takes the fussin' out of ^

feedin'.„

Vydes NEW!

TROllEY BIRD FEEDER
Only $9.75 complete, ppd.

Just pull this rustic feeder to

your w^indow for easy filling, then
'pulley' it away from the house to

w/here timid species will come to
it. Combines the advantages of

window and yard feeders — no
wading in deep snow to keep the
larder stocked! Discourages squir-

rels, too. 9" x9" X 12" feeder holds

5 lb. seed plus 2 big suet cakes.

Rugged, weather-resistant. Comes
complete with pulleys, hooks, 50'

of cord. Ideal Christmas gift for

any and all bird-lovers.

Order OY-67. Send Check or

M.O. for $9.75 ea., ppd., to:

JaYCmC biro feeder company

53 Felton St., Waltham, Mass. 02154 >
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BEDSPECS
These genuine prismatic Bed-
Specs are absolutely the last

word in self-indulgence. Allow
you to lie flat on your back and
take in the whole television

screen or a page of a book at

one glance. Invaluable for in-

valids. Lie on the beach and
watch people— without raising

your head. Precisely aligned
ground glass prisms; streamlined
demi-blond frame. Can be worn
with corrective glasses. Approved
by leading ophthalmologists.
Plush lined leatherette snap
case. $14.95

EMOSKOP
Bmoskop
VESTPOCKET
OPTICAL
SYSTEM

Remove the EMOSKOP from
its fitted leather case and it's a
30x microscope. A twist of the
wrist converts it into a 2.5.\ tele-

scope. Another twist and you
have your choice of magnifiers:
5x, lOx, and 15x. Perfect vest-

pocket companion for the exact-

ing professional and scientist.

Five coated lenses, absolutely
aplanatic and achromatic. Mod-
ern Photography calls the EMO-
SKOP ".

. . only magnifier wor-
thy of name." 1%" x 3/4 "j $14.95

Nova-Tech
Beacon/Weafher
PORTABLE RADIO
Incomparable 8-transistor radio.

Standard broadcast band (530-

1660 kc.) with excellent sound
fidelity and volume for beach,
picnics, etc. Weather/beacon
band (200-400 kc.) for instant
24-hour weather information
from as many as 15 FAA wea-
ther navigation stations up to

300 miles away. Know ahead of

time what weather to expect.
51/2" X 31/2" X 2". 12 ozs. Case,
batteries, earphone inc. $19.95

Mylflam

ELECTRONIC
TABLE LIGHTER
The MYLFLAM is the high
point of smart styling and per-

formance. Lights up to hundreds
of times per minute. A winner
of many awards for beauty and
technical perfection. Simple light

pressure to the top bar provides
instantaneous flame. Fully ad-
justable. A luxury appointment
for home or office. Operates with
standard butane gas and stand-
ard battery. Quite expensive, but
really a marvelous product. In
satin lined presentation box.
$39.95

GUARANTEE—You may return merchandise, for whatever reason within 2 weeks. Guarantee also covers material and workmanship for one year.

Country Club

SHOWER HEAD
A luxury fixture for the modern
home. The Country Club pro-
vides full volume shower spray
—no stray streams and no "hol-
lows," and is adjustable from
sharp needle spray through full-

volume medium and coarse
sprays, to the "rinse - flush" po-
sition. Non - clogging, heavily
chromed over copper and nickel
base, with 24-karat gold face.

Fits all U.S. fixtures. Installs in

minutes. Gold gift box. $19.95

World Famous

ACCUMEN
For a Lifetime of Close Shaves
. . . Hi-potential NiCd power
plant gives 10 to 15 shaves be-
fore recharging. Shaving head
2V^ times larger than any other.
Ultra-thin foil (0.00315"). Four
individually sprung and bal-
anced blades. Spotlights illuminate tiniest whiskers.
Vacuum action. Lockable. Directly rechargeable from wall
socket. With case, complete $24.95.

Also available: Praktikus-5. Fitted case, with shaver, hair-
clipper, massage/hairbrush, yellow blinker, automobile
charger $39.95. PLUS FREE BONUS—rechargeable flash-

light (retail $4.95)

Purchase of AccuMen enrolls you in the LifeTime Shaver
Plan.

CANYON PAINT SPRAYER
The CANYON is unlike
anything you have ever
seen. It is self-contained.
The compressor is built

into the sprayer. All plastic.

A cinch to clean. $14.95.

FREE. Viscometer to de-
termine the exact degree of
thinner required for perfect
results.

5"-

BICKY

MONOCULAR
SYSTEM
lOx (30 mm.) pris-

matic, pistol grip, tri-

pod, panning head.
Car window adapter.
Soft case and band
strap make BICKY
as convenient to carry as a mini-
ature camera. Outstanding optics
(Kellner), fully coated. $25.75

SUPER B. 20x(40 mm.) $39.75

FREE with the lOx and 20x
BICKY: "Birds of North Amer-
ica." A beautiful and compre-
hensive guide. 2,000 full-color il-

lustrations, 340 pages.

CALENDAR ALARM
This outstanding clock will run
one full year on one battery cell.

Its functional form and exquis-
ite lines will blend with the
most demanding decor. Unusual
alarm gives four discreet buzzes,
plus a full-throatefl main alarm.
Automatic calendar. Clock can
be regulated to 2 seconds per 24
hours. White case, midnight blue
illuminated dial, sweep seconds,
gold numerals and bands. Truly,
the "clock of tomorrow." $24.95

A FREE GIFT FOR YOU. If your order (exclu-
sive of postage and sales tax) is for $30.00 or
more, and if check accompanies order, we will
send you a Floating Waterproof Lantern with
Automatic Warning Blinker. Indispensable for
boat operators, fishermen, motorists, etc.
Regularly retails tor $4.95.

HAVERHILL'S, 526 Washington Street, San Francisco, California 94111

Please send me the following: NH-11
Quantity Item Amount D Check enclosed.

D Bill Diners' Acct. #

n Bill Am. Express Acct. ^_

Q I am entitled to a free

Floating Lantern.

NAME:

Subtotal $_

Sales tax 4% (Calif, res.) $_

Subtotal $_

Postage & Insurance $_

Total $_

ADDRESS:.

-ZIP_

1.00

Searching the World to bring you the finest

(Haverhills
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lections, between the Indian communi-

ties and the urban neighborhoods. Other

ethnic groups are cut off from their

countries of origin, preserving attractive

segments of their original traditions but

not operating as a dynamic part of those

traditions. Furthermore, for many years,

the educated or skilled individual Indian

able to find a place in the urban environ-

ment could only choose between relative

prosperity by integration into the larger

population or acceptance of the dismal

poverty of Indian community life in

exchange for its attractive sense of In-

dianness. As a result, much potential

leadership in terms of the educated

members of the group was regularly

drained from the Indian communities.

But as more Indian people began to

cluster in the cities, where Pan-Indian-

ism flourishes as the major expression

of Indianness, these once marginal peo-

ple became increasingly acceptable and

useful to their communities. They can

demonstrate a continuing and active con-

cern for their Indian heritage in Pan-

Indian terms while in the city, and can

participate in Pan-Indian and even local

activities when back in their communi-

ties. They are becoming the agents to

select and control innovations in Indian

terms and transmit them to the com-

munities. While we now have established

urban Indian neighborhoods, the local

communities are becoming better able to

persist if permitted to do so.

However, even if tribal distinctiveness

can flourish under prosperity as it has

under adversity, it is fair to ask whether

Indian objectives are realistic in trying

to develop essentially rural areas in an

increasingly industrialized nation. Indi-

an people believe there are now enough

successful experiments in stock rais-

ing, small assembly and manufacturing

plants, and especially tourist enterprises,

which cater directly to the recreational

needs of a highly industrial nation, to

justify optimism. Their main fear is that

these new programs and those only in

the discussion stage will not be given

enough support and protection to succeed.

The Collier Policy—and After

THE objective of raising the material

standards of the local communities

has always been attractive to Indians,

but to understand the present situation

we must consider particularly the im-

pact of the administration of John Col-

lier, Sr., as Commissioner of the Indian

Bureau, 1933-1946, and the events that

followed. Collier tried to develop a pol-

icy and administrative procedures within

the framework of the Indians' basic

understanding of the government's obli-

gations to them. He did this by strength-

ening tribal self-governments to forward

educational, credit, and resource devel-

opment programs aimed at reducing

poverty. By 1941, however. Congress was
cutting back "non-essential" budgets in

the war interest; it was also beginning

to question, and finally repudiated. Col
lier's philosophy as entirely too revolu

tionary a departure from proper ,goals

of the Indian Bureau. Meanwhile, the

Indian population, like that of the entire

nation, began to rise sharply. The return

to reservations of veterans and of fam^

ilies who had gone to work in war indus-

tries placed even greater pressures than

before on the income resources in Indian

communities—despite real strides made
under Collier's administration. Yet the

war had been a mass educational experi-

ence for Indian people. With all the new
ideas and skills they had discovered,

they were eager to explore opportunities

under the Collier programs.

However, because no marked improve

ment, and even some outright regression,

seemed to characterize the economic sit-

uation among Indians immediately after

the war, Collier's ideas were blamed.

Community development along the lines

that Indian people found acceptable was

thus scheduled to be scrapped at the

very time that significant numbers of

"The system!' It has an
interchangeable everything.

6 lenses. 4 film backs. 4 viewfinders. All interchangeable. So you can go from color

to black and white midroll. Shoot what you want. Without limitation. It takes 5

cameras to do what "the system" can do. That's why "this is a system, not to be

confused with a camera." For further information, write: Paillard Incorporated,

1900 Lower Road, Linden, New Jersey mm y| Q Q r- M n m m r^
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them were becoming prepared to utilize

and expand upon the Collier program.
By 1950 a drive was under way to

terminate federal jurisdiction over res-

ervations; and with it any federal re-

sponsibility for Indian welfare otl\er

than to move as many Indians to urban
areas as could be convinced to come un-

der provisions of the "Voluntary Reloca-
tion Program."
There is little question, however, that

a drive for what Indians consider their

long-neglected rights has been gaining

momentum since the 1950's. Although
clearly a continuation of the Pan-Indian-
ism that started in the nineteenth cen-

tury, perhaps even of intertribal alliances

that characterized resistance to the
threat of the frontier, it has taken on
increasingly purposeful political charac-

teristics. Indian people are banding to-

gether on a regional and national scale

to make their goals explicit and win the

understanding and support of the larger,

white public. It is not a single, co-or-

dinated movement, and it contains fac-

tional differences. The factions reflect

differences of opinion that have long
split Indian groups on the community
level in their search for effective adjust-
ments to the larger society. Possibly the
majority of those "grass roots" Indians
who are not politically active or vocal

are, nevertheless, in sympathy with
spokesmen for the idea that Indian prob-
lems can be met by re-establishing firm

and traditional treaty relationships be-

tween Indian tribes and the governments
of the United States and Canada. Some
members of this faction even argue that
recourse should be to the United Nations
rather than to American and Canadian
departments in charge of Indian affairs.

But the majority opinion of politically

active Indians is more moderate. They
seek protection of Indian lands and re-

sources as a matter of historic obligation
on the part of the national governments.
They seek economic development to

raise the general level of Indian life, but
also respect for Indian cultural and so-

cial distinctiveness as long as the Indians
wish to maintain it. Let us be plain about
this. Indian people of both traditional

and moderate views are not opposed in

principle to loss of Indian identity or
assimilation into the dominant society.

They only insist that this should be an
individual option, to be neither forced
nor discouraged, but freely and honestly
exercised by means of improved educa-
tional opportunities, which should apply
to the professions as well as the manual
skills so long emphasized in govern-
mental and private benevolent work
among the Indians.

The moderate spokesmen are usually
better educated than the majority of
Indians and for this reason more pros-
perous. They are gradually being recog-
nized by Indians as trustworthy and are
gaining ascendancy over those leaders
who, whether by education or special
talents, had capitalized on their Indian
heritage and early learned to manipulate
the Indian Bureau, missionaries, and
other whites for personal gain. Such
"professional Indians" were supported
and accepted by whites as tribal leaders
because they were culturally more white
than Indian and were considered models
for other Indians. However, it was the
moderate faction that assumed leader-
ship in opposing the threat to Indian
community life in the 1950's.

This policy was approved, and legis-

lation to carry it out was passed by the
votes of people who sincerely believed
they were at last granting justice to the
Indians. It was promoted and widely ac-
cepted on the basis of analogies to the
Negro movement for civil rights, which
was then gaining momentum. Indian
people were thereby placed in the un-
happy role of seeming to oppose decent
American sentiments— desegregation,
equality, freedom. At first, many Indian
people believed the publicity that Con-
gress was at last going to do something

Come to Africa before
the 20**^ century beats you to it.
Here is the world as the world was. Here Is nature's finest hour
unmolested. Here Is a land untouched by time; unspoiled by
civilization; unending in its profuse and primitive splendor
The 20th century has not yet come to Africa. By all means
come first!

Come this year with Lufthansa. Take our three-week On Safari
tour.for example, to Zambia, Rhodesia, Kenya, Tanzania and
the Republic of South Africa. Throughout your stay you will
travel by private plane to see the Samburu and Masai tribes;
to see wild game at play at Ngorongoro, Amboseli and Seren-
geti. You will behold one of the most beautiful natural spec-
tacles on earth, Victoria Falls; visit the Mount Kenya Safari
Club and the celebrated diamond mines at Kimberly. The low
price of this exciting tour is only $1743!

But if you'd like to concentrate on East Africa, then our Africa
escorted tour is perfect for you. For 21 days you will travel
from Mombasa to Nairobi: see the Indian Ocean, Murchison
Falls, lions, crocodiles, elephants, the Mountains of the Moon,
pygmies. Truly the "Dark Continent"- from $1,482:

Time is catching up with Africa. Civilization is slowly making
inroads. See Africa now! For more information call your Travel
Agent or mail this coupon.
Prices based on 14-21 day ITX Economy Excursion fare from NYC, when applicable.

Lufthansa German Airlines, Dept. D-11
410 Park Avenue, New York, New York 10022

Gentlemen: Please send me further information on the
following tour(s);

D Three-week "On Safari" Q 21-Day Tour of Africa

D Have your Tour Expert contact me.

Name_

Address.

City

State.

Zip

—

My Travel Agent is_

_Phone_

Lufthansa
German Airlines
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New Minolta

Hi-matic 9
(or)

How to

become
an expert

photographer

overnight

This unique 35mm camera can

turn a beginner into an expert,

even if he never, took pictures be-

fore. Just point, focus and shoot.

The Hi-matic 9 takes over, auto-

matically adjusting itself for re-

markably true-to-life color slides

or color or black-and-white

snapshots. An exclusive "easy

flash" feature even takes the con-

fusion out of flash photography

. . . the lens automatically sets

itself for flash as you focus.

If you're already an expert, the

Hi-matic 9 can be used semi-

automatically or manually, for

special effeas like silhouettes or

"stop action" shots. A brilliant

Rokkor f/1.7 lens makes every

picture razor-sharp. Under $ 110

(plus case). At your dealer or

write for details to Minolta

Corp., 200 Park Ave. South,

New York, New York 10003

in their behalf, that it would attempt to

correct and improve shortcomings in the

Collier program. But their unified oppo-

sition became apparent when they began

to understand what was really involved.

Certainly they felt deprived and un-

justly treated on the reservations; but

they did not feel "segregated," as this

term is only too sadly understood by

Negro people. Now the Indians faced

that prospect. Although the idea of join-

ing Indians to the great white middle

class had always underlain govern-

mental objectives, the relocation pro-

gram, coupled with plans to terminate

reservations with all possible speed,

nearly succeeded in putting large num-

bers of unskilled and meagerly educated

Indian people in the same position as

the majority of urban Negroes. Indians

would have been deprived of their home
communities and their opportunity to de-

velop their own traditions. Many would

have been ill-equipped in the competitive

individualism of the dominant popula-

tion to make their way to higher levels

in the urban environment. These Indian

people would very likely have had no

escape, socially or psychologically, from

the denigrating implications of segrega-

tion. The risk of becoming identified,

along with Negroes, both as part of the

lowest economic rank and of non-Euro-

pean origin, raised the strong likelihood

that Indians would be subject to the kind

of generalized racial prejudice they had

thus far been spared. And it would in-

clude those who were making their own
way adequately as well-integrated spin-

offs or Pan-Indian urbanites.

It is hardly surprising, although this

has alienated some "liberal" white sym-

pathy, that Indians have shied away
from involvement in the Negro move-

ment for civil rights, and that a certain

amount of deplorable but understand-

ably defensive racism concerning Ne-

groes is to be found among Indians.

Even symbols of the Negro civil rights

movement became distasteful to Indians.

Marches and other forms of demonstra-

tion were dismissed as "undignified" and

"not the Indian way" when sympathetic

whites suggested that Indians should

employ similar methods.

However, those leaders who began the

movement against the policy of the

1950's, and particularly younger Indian

people, are beginning to realize that the

cause of civil rights has relevance for

them, even though Indian goals differ in

certain essential features from those of

Negroes. The National Indian Youth
Council, formed in 1961, actually staged

their first "fish-in" during the spring of

1964 to aid Indians in the state of Wash-
ington, with Marlon Brando taking a

well-publicized role as a white sympa-

thizer. The name was inspired by Negro

"sit-ins" at public eating places. The pur-

pose of the fish-in has been to demon-

strate, when game wardens appeared,

that Indians claimed special rights to

fish, regardless of state game laws. They
had long appealed for a discussion of the

matters at issue—not only their insist-

ence on their special status but also their

clear economic needs in comparison to

the interests of sports fishermen. Their

appeals had been ignored; hence the

fish-in. It resulted, at least, in the state

governor's promise to form an Indian-

white study committee.

What Indians seek may not be such

special or peculiar privileges after all,

and even the historical, customary, and

legal foimdations for their contentions

may have some validity. If Indians can

get a broad and fair hearing, they may
force a healthy reappraisal of civil

rights, which popular thinking has in-

creasingly narrowed to mean those

rights denied to Negroes-or simply to

vague ideas about integration. A choice

of alternates can also be a right and

liberty. And our American democracy

is in part an aggregate of special cases

and "privileges"-pacifist Quakers,

strangely dressed Amish, tax-free educa-

tional and religious institutions, corpora-

tions and organizations of all kinds

standing in contractual and chartered

relationships to the federal and local

agencies of government. Commissioner

Collier even felt that respect for the

distinctiveness of Indian communities

would enrich the fabric of American

culture by offering experiments in satis-

factory community life in an increasingly

impersonal, industrialized economy.

To be sure, lawyers who have argued

Indian cases sadly conclude that treaties

are a forlorn hope and that the Third

Article of the Constitution has only come
to mean that Congress can do pretty

much as it pleases about Indians. Yet,

not too long ago, segregation stood as

law in the South, and it was a firmly ac-

cepted custom that Negroes were as-

signed only menial duty in the armed
services. It took public awareness, de-

bate, and understanding to begin chang-

ing the situation.

Since 1961, the Indian Bureau ha

been pursuing a pragmatic course. It

seems to embrace the Collier philosophy

in energetic efforts at community de

velopment, but is so energetic at times

that it smacks of nineteenth-century

authoritarianism. Simultaneously, it

seems to be trying to give reassurance

that it is fulfilling its "proper" job and:

assimilating Indians. This it does by pub-

licizing relocation statistics and evidence]

of progress in almost exclusively white,,

middle-class terms. The Bureau is prob

ably not to be blamed. It should know|

by now what Indians want, but it mus
answer to Congress, and Congress must|

answer to the taxpaying public, and th

public is largely unaware of all aspects

of Indian problems and goals.

22



i handful of people like Mary Carnwath
re trying to keep our promise to the Indians.
3ut they won't make it without you.
The Hopi Indians' village of

ipaulovi in Arizona sits on land
poor, infertile and inhospitable

It so far nobody has tried to take
iway from them.

Electricity has not yet reached
! Hopis. Water must be hauled
m three miles away. Jobs are few
1 far away. Only poverty and des-

ir are close-by and in abundance.
Yet for the first time in genera-

Ins, Mary Carnwath and people
e her are stirring hope among the
ipis.

Mary Carnwath works and
38 two thousand miles away, in

inhattan. Her own daughter is

V grown-up, and through Save
Children Federation she is spon-
ing one of the village girls, 8-year-

1 Grace Mahtewa.
IThe Mahtewas (two parents,

ee children, one grandmother
i a sister-in-law) live tightly

fked in a tiny rock and mud
ise. The father who knows ranch
rk but can't find any most of the

r, isn't able to provide the family

a even the bare necessities.

Grace, bright,

ambitious and in-

dustrious, would
possibly have had
to quit school as

soon as she was
old enough to do
a day's work. But,

„ Y because of Mary
nwath, that won't be necessary.

The $12.50 a month contrib-

l by Mary Carnwath is provid-

a remarkable number of things

j-race and her family,

jrace will have a chance to con-
e schooling. The family has
1 able to make its home a little

e livable. And with the money
over, together with funds from
T sponsors, the village has been
to renovate a dilapidated build-

or use as a village center. The
;r now has two manual sewing
.lines that are the beginnings of

all income-producing business,

mly a small beginning. More
jy and more people like Mary
-wath are needed. With your

I
perhaps this village program

will produce enough money to end
the Hopi's need for help. That is

what Save the Children is all about.

Although contributions are de
ductible, it's not a charity. The aim
is not merely to buy one child a few
hot meals, a warm coat and a new
pair of shoes. Instead, your contribu-

tion is used to give the child, the fam-
ily and the village a little boost that

may be all they need to start helping
themselves.

Sponsors are desperately needed
for other American Indian children

—who suffer the highest dis-

ease rate and who look for-

ward to the shortest life span
of any American group.

As a sponsor you will re-

ceive a photo of the child, regu-

lar reports on his progress and,
if you wish, a chance to corre-

spond with him and his family.

Mary Carnwath knows
that she can't save the world
for $12.50 a month. Only a/
small corner of it. But, maybe
that is the way to save l^e

world. If there are enough Mary
Carnwaths. How about you?

Save the Children Federation is

registered with the U.S. StateDepart
ment Advisory Committee on Vol
untary Foreign Aid, and a member
of the International Union of Child
Welfare. Financial statements and
annual reports are available on
request.

f-fv'!''W^^^^f'lW^^^^^^ vf
.•.^?~y"'^

National Sponsors (partial list)

FaithBaldwin,MTS.JamesBryantConan
Joan Crawford, Hon. James A. Farley,
Jerry Lewis, Henry R. Luce,
Frank Sinatra, Mrs. Earl Warren

Save The Children Federation
NORWALK, CONNECTICUT 06852

: WISH TO SPONSOR AN AMERICAN INDIAN CHILD.
ENCLOSED IS MY FIRST PAYMENT OF:

D $12.50 MONTHLY Q $37.50 QUARTERLY
D $75 SEMI-ANNUALLY Q $150 ANNUALLY

I CAN'T SPONSOR A CHILD, BUT I'D LIKE TO HELP.
ENCLOSED IS A CONTRIBUTION OF $

D SEND ME MORE INFORMATION.

NAME

_STATE_ _ZIP_
CONTRIBUTIONS ARE U.S. INCOME TAX DEDUCTIBLE

NH-11

: ^i'ai'^iJfc-J



Natural History's 1966 Survey

THE more than 80 books reviewed in

Natural History's seventh annual

survey deal with the biological and earth

sciences, astronomy, and anthropology

and are geared to the interest level of

junior and senior high school students.

Reprints of this year's survey will be

made available without cost to teachers

and librarians who write us on their offi-

cial letterhead and include a stamped,

self-addressed envelope. Any other read-

ers who wish reprints may obtain them at

the cost price of 20 cents apiece.

Requests should be sent to: Reviews,

Natural History, Central Park West at

79th Street, New York, N. Y. 10024.

Anthropology

IN
recent years, anthropologists who

have tried teaching at the high school

level have been finding out what Alex-

ander Goldenweiser already knew so well

in the 1920's—that anthropology, taught

seriously and well, has a tremendous ap-

peal for younger students. The idea of

culture comes to them freshly, and they

enter with enthusiasm into discussions

that throw light on the systematic study

of man and culture.

It is interesting, therefore, that so

many books intended to introduce ado-

lescents and younger readers to the pano-

rama of culture concentrate on the past,

especially on reconstructions of the past

that necessarily depend on the demand-

ing, difficult techniques of archeology.

Much of the pleasure and interest in

understanding a past that exists only in

ruins and potsherds, village debris and

grave furniture, or bits of stone and bone

lies in knowing something about the

kinds of questions archeologists can ask

and the kinds of interpretation that are

better than conjecture. Shirley Goren-

stein's Introduction to Archaeology

(Basic Books) combines a general dis-

cussion of the aims of modern archeol-

ogy with an account of how, technically,

archeologists go about their task. In six

chapters on different aspects of their

work, she shows how as "scholars in the

university, laborers in the field, clerks

and technicians in the laboratory, and
creative thinkers at the end of it all, they

are trying to discover the substance of

ancient life and to discern the trends of

cultural development." This well-docu-

mented book is valuable not only because

it is clear and accurate but also because

it draws on research the reader will en-

counter time and again in other works.

The Amateur Archaeologist's Hand-
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book, by Maurice Bobbins with Mary B.

Irving (Crowell), is a serious how-to-do-

it book adapted mainly to American

sites. It includes a description of prehis-

toric American cultures, much simpli-

fied, and a discussion of actual sites and

instructions on how "you" work. For-

tunately, Bobbins continually empha-

sizes the unique value of sites and the

responsibility involved in excavation.

The book has many excellent photo-

graphs, line drawings, and tables illus-

trating objects and ways of recording

data. A series of appendixes lists sites

open to the public, archeological soci-

eties, collections, places where training

can be had, and even a summary of an-

tiquities laws. This is not a book for the

totally inexperienced amateur, but for

the enthusiast who is discovering a se-

rious purpose. Hopefully, it will lead

hobbyists toward formal training.

Archeology comes into the immediate

present in Gordon C. Baldwin's Race
Against Time (Putnam) through his

vivid account of how the building of

modern dams, pipelines, and highways,

and the expansion of modern cities,

threaten man's storehouse of knowledge

in the earth. Most interesting are the

descriptions of the ways archeologists

are meeting the challenge of this "emer-

gency." The book gives a sense of the

richness of sites still unexplored, includ-

ing "historical" sites of old towns and
forts long abandoned, and a clear idea

of the choices that must be made in

where to work. Concentrating mainly on

the American experience of salvage ar-

cheology, it is an eye opener to what
must be done—and done now.

Legacy of a Pharaoh, by Trevor L.

Christie (Lippincott), is a brief, non-

technical, and somewhat inspirational

account of one famous salvage operation,

the rescue of the temples at Abu Simbel,

on the upper Nile, from the encroaching

waters of the new Aswan High Dam. In

the first half of the book Christie de-

scribes the temples and, somewhat fanci-

fully, their builder, Ramses II. In the

second, and more interesting, part he de-

scribes the new dam and the interna-

tional operation that resulted in the

rescue of these and other temples and
the discoveries made in new sites. Read-

ers who enjoy this book may also find

interesting Jacquetta Hawkes' Pharaohs

of Egypt (American Heritage), a histor-

ical account that is richly, though some-

what miscellaneously, illustrated with

Egyptian art treasures.

Leakey's discovery of Zinjanthropus

has given a new point of focus to discus-

sions of early man for general readers.

The Shattered Skull (Atheneum) is a

charming evocation for younger readers

of a visit made by the author, Carol

Morse Perkins, and her husband to the

Leakeys' camp in Olduvai Gorge. There

is no history in this "safari to man's

past." What gives the book its charm is

the simple, unadorned account of travel

in a Land Rover from Nairobi across

Kenya and Tanzania to Olduvai, which
makes the present part of a picture of a

very distant past.

C. B. Colby's Cliff Dwellings (Coward-

McCann) is a book a vacationing family

would do well to take with them on a

visit to our national parks in the South-

west. In the brief span of 48 pages, with

many illustrations, Colby provides a

sketch guide to the prehistoric Pueblo

ruins in New Mexico, Colorado, and
Arizona that are now under the protec-

tion of the National Park Service. But
for readers whose imagination has been

captured by the ancient cliff dwellings,

there is another book. The Old Ones, by
Robert Silverberg (New York Graphic
Society) . The "old ones" are the Anasazi

(a Navaho word) who lived in the Four
Corners country—the Basket Makers and
their descendants, the Pueblo Indians.

Silverberg ties together the history of

Spanish encounters with Pueblo Indians

in the sixteenth century, their long pre-

history as it comes up through careful

examinations of their living sites, and
life in still existing pueblos. He has un-

dertaken successfully the task of writing

a simple and zestful narrative account

of what happened to a people over 2,000

years, building in, as he goes, just what
we can know or surmise and how we
know it. Archeological history, living

and vivid as this, depends on a sure

knowledge of the data and the enjoy-

ment of an audience, too.

Robert C. Suggs' The Archaeology of

Neiv York (Crowell) is "the prehistory

of the great city of New York as it has

been reconstructed, bit by bit, through

years of archaeological study." Written

for younger readers, the book covers a

long time span, from the drifting into

the region of the first Paleo-Indians to

the virtual disappearance of Indians

from Manhattan Island in colonial times.

Suggs uses the device of an "imaginary

incident" and an evocative illustration at

the opening of each chapter to give life

to the rather bare descriptions of tools,

graves, and living sites that are the

sources of what we know. He also has the

good sense to write in the first person

about his own research and the differ-
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ences of opinion he has had with his

fellow archeologists working in the same

area. This is a modest book, but an en-

grossing one.

There is an extraordinary difference

between the writing of a professional

archeologist who has lived with his data

and even the best-researched writing

of an interested bystander. Robin

McKown's The Story of the Incas (Put-

nam) is standard fare—an enthusiastic,

well-read, semifictionalized history that

merely draws on archeology. This is rap-

idly becoming an old-fashioned ap-

proach, even in its newer versions.

The Fall of the Aztecs, edited by

Shirley Glubok and illustrated by Leslie

Tillett (St. Martin's), is an interesting

attempt to marry the almost contempo-

rary account of the events by Bernal

Diaz del Castillo to near contemporary

pictures from the Aztec codices. The
original idea was the artist's. It has not

quite succeeded. Both text and pictures

are adaptations. Bernal Diaz' account,

as almost always, stands up to simplifi-

cation; he cannot be downed. But the

translation of the pictographs alters

them so greatly that the sense of the

Aztec vision is almost wholly lost in the

standardizing format of illustrations for

an American children's book. Somehow
the artist lacked full conviction of what
he himself had seen.

The reviewer who has read even a

small group of the books on anthropol-

ogy published in any one year cannot

but hope that very soon more cultural

anthropologists will draw on their field

work with living peoples and write books

as excellent as the best by their archeol-

ogist colleagues. We need a more bal-

anced fare for a growing audience.

Rhoda Metraux

Astronomy
PERHAPS for the first time since this

survey of books for young people

began, not one of the books on astron-

omy is a disappointment. This year, how-

ever, only four books seemed suitable for

young readers.

Target Moon, by Fred Warshofsky
(Four Winds), is a readable account of

much of our knowledge of the moon.
Beginning with ancient and primitive

concepts, the book runs through the con-

tributions of Galileo and Newton, comes
up to the space probes of the Ranger
Project, and sets the stage for the Apollo
Project, which proposes to land men on
he moon by the end of this decade. Al-

though a few lapses betray the author's

shallow knowledge of astronomy, these
in no way detract from the attained goal
of this book: to inform, excite, and in-

volve the young reader in an adventure
unprecedented in modern times.

With somewhat less literary success,

Ben Bova has written The Uses of Space
(Holt, Rinehart and Winston), but the

book's shortcomings may be due to its

origins—a series of articles in a maga-
zine. There is considerable repetition,

and more often than not, a chapter will

end in such a dramatic and rhetorical

climax that the following chapter may
be felt to be unnecessary. Nonetheless,

this book, as well as Target Moon, is

highly recommended as a collection of

opinions and predictions calculated to

stimulate thinking and imagination. Such
"brainstorming" may well inspire a

young reader to wish to be a part of

future space exploration, whether or not
many of the ideas discussed by the author
ever become realities.

In The Uses of Space, Mr. Bova dis-

cusses the prospects for exploration of
the several other planets, and since his

remarks should be regarded as opinions,

the door is open for argument. A few of

his facts are wrong (the rotation period
of Mercury is not synchronized with its

revolution, thus altering much of his dis-

course) ; some information has been
omitted entirely, such as the rotation of

Venus or the existence of the Van Allen

belts around Jupiter, through which
some satellites move.

To turn from the near and remote fu-

ture to an event in the recent past, we
consider The First Book of Mars, by
David C. Knight (Watts). This is a well-

written, factual account of the Mariner
IV mission to Mars, with enough back-

ground information about the red planet

to show the import of the new observa-

tions. The author has restricted himself

to telling just what is required to estab-

lish man's interest in Mars, from the

Babylonians to Orson Welles, and the

spectacular result of that interest in the

space age. His discussion of the achieve-

ments of the Mariner IV fly-by is not so

complete as to be tiring, but it is enough
to indicate what was new and surprising,

and even tantalizing. Again, here is a

book that may stimulate a certain kind
of youngster to plan a career in what
may be termed space engineering.

Each of these books must and does

discuss the possibilities of detecting life

on the moon or the planets. This exciting

prospect is the theme of Life Beyond
the Earth, by Samuel Moffat, Elie A.

Schneour, and Joshua Lederberg (Four
Winds). This subject, prior to about
1950, was serious only to the writer of
science fiction, but was little more than
idle speculation to the scientist. In the
early 1950's, physics and astronomy be-

gan making sufficient advances in under-
standing the formation and evolution of
stars—and of the solar system itself—to

show that planets must be by-products
of star formation. Planets, then, must be
exceedingly numerous in space. At about
the same time, biochemistry started on
the path to knowledge of the origin of
life and of the secret of heredity. The
authors of this book briefly review the
astrophysical developments, then with
simplicity and clarity thoroughly ex-

plain the chemistry of life, its possible
origins and probable history, on earth
and elsewhere.

A great help to the authors' success is

the artwork. The artist. Helmut K. Wim-
mer, has provided illustrations that are
at once attractive and meaningful.

K. L. Franklin

Botany and Ecology

THE eleven books reviewed this year
reflect the nation's growing interest

in nature. As in past years, some are ex-

cellent, some are filled with errors, some
attempt to give a fresh, up-to-date cover-

age of a field, and others are rehashes
of familiar material and seem to have
little justification for being published.
Four of the books can be labeled

"traveler's guides." Two of these treat

major vegetation regions; the other two
deal with specific geographic areas.

I am pleased to have in this year's

review a book by Ivan Sanderson that
was a pleasure to read and presents a
thorough, relatively sensation-free cover-

age of a subject with which he is well
acquainted. Ivan Sanderson's Book of
Great Jungles (Messner) is a well-writ-

ten, comprehensive description of the

plants, animals, people, soils, climates,

and geography of tropical forests. Al-

though it contains a few obvious inac-

curacies and numerous personifications,

it is certain to be regarded as the best

available popular book on its subject.

Many excellent photographs complement
the text and afford the reader a capsule
tour of the world's tropics.

Rutherford Piatt leads his readers
through The Great American Forest
(Prentice-Hall) in another outstanding
book on major forest regions. He ex-

Continued on page 62
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cricket, who cheats me of my regrets, the soother of slumber.

Muse of ploughed fields and self-formed imitation of the lyre,

Chirrup me something pleasant. . . .

How I wish, cricket, that you ivould deliver me
from the troubles of much sleepless care.

Weaving the thread of a voice that causes love to wander aivay.

And I will give you for morning gifts drops of dew.

And a leek, ever fresh, cut up small for your mouth.
Modified from translation of Meleager (ca. 100 B.C.).
Lafcadio Hearn. Insects and Greek Poetry.

Crickets must have been a par-

ticular source of curiosity for

as long as there have been humans
to be curious. Poets, philosophers,

scientists, and primitive peoples-

all have left some special indications

of their interest in one kind of cricket

or another. In addition to verses

about crickets, written in many lan-

guages, one could cite the antiquity

of cricket fighting as a sport in the

Orient ; the almost universal fame of

Milton's "cricket on the hearth";

and the practice, developed inde-

pendently in several parts of the

world, of keeping crickets for food,

for their songs, and for driving away
"evil spirits." Even today, with so

many millions of the world's popula-

tion concentrated inside cities of

macadam, steel, and concrete, the

producer of a television show or

motion picture can make his scenes

nocturnal with only a token drop in

light intensity if he simultaneously

adds the chirp of a cricket in the

background.

The source of the cricket's charm
is obvious. To eliminate it we would
need only to silence him, to take the

acoustical dimension out of his life.

But this would not be a simple exor-

cism. As the jigsaw puzzle of cricket

life slowly assumes shape through a

continuing series of investigations

on behavior, classification, structure,

and physiology, it is increasingly

evident that a certain well-known

American biologist could not have
been more wrong when he wrote that,

like the clanking of a knight's armor,
cricket chirps were little more than

the frictional creakings of an animal

with an external skeleton. Indeed,

those cricket groups that have lost

their ability to stridulate, and along

with it their hearing organs, have
changed their lives and their body
forms so drastically that they are ex-

cluded by some insect taxonomists

from the elite body of "true" crickets.

Fossil evidence indicates that the

crickets (family Gryllidae) became
a separate evolutionary line some
150 to 200 million years ago, prob-

ably during the Jurassic Period, co-

incident with the heyday of the dino-

saurs. Their acoustical system is

even older than that, since their near-

est relatives, the katydids and long-

horned grasshoppers (family Tetti-

goniidae), have the same tympanal
auditory organs on their front legs

and the same stridulatory device

on their front wings. It is possible

that this is the oldest acoustical com-
municative system still in existence,

and certainly crickets and their rela-

tives were among the first animals to

be heavily involved in transforming

the previously silent terrestrial en-

vironment into the bedlam of noise

it had become long before the first

humans appeared on the scene.

Crickets are the master musicians

of the insect world. They have,

within a single species, at least as

many different kinds of acoustical

signals as any other kind of insect;

they produce some of the loudest of

all animal signals (over 100 decibels

at distances of a few inches) ; and
they are the only animals known to

be capable of producing a "pure"
frequency with a stridulatory, or rub-

bing, device. (Pure frequency means
that a single frequency so dominates
the sound that all others are inaud-
ible and, for practical purposes, in-

significant. Such a sound is difficult

to achieve. Not even an electronic

audio-oscillator, for example, has
been able to produce an absolutely

pure frequency.)

The cricket stridulatory and audi-

tory organs {page 29) are complex
devices that have evolved together as

a functional unit for a long time;

they could not have appeared
through a single change, or even a
few mutations, but had to develop
through a long sequence of small,

step-by-step alterations. There are no
fossils of rudimentary versions of

these devices, but there is evidence

of their precursors among the living

relatives of crickets. Non-acoustical

relatives of crickets have a large

clump of sensory cells, called the sub-

genual organ, in the same general

location on the forelegs as the crick-

ets' auditory organ. The cells appar-

ently function as proprioceptors, sup-

plying information to the insect's

central nervous sj^stem about the po-

sition of the leg. These proprioceptive

cells are believed to be the forerun-

ners of the tibial auditory organ, and
we can speculate that the device may
have passed through a vibration-

perceiving stage, during which it was
sensitive only to transverse waves
that were transmitted through the

substrate. Subsequently, at one spot

the cuticle thinned and special mem-
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cranes appeared, making the spot

gradually more sensitive to the air-

transmitted, longitudinal waves that

we caU sound.

The origin of the stridulatory de-

vice on the male cricket's forewings

can also be reconstructed, in the ab-

sence of fossil evidence, through

comparison of living crickets and

their relatives. Most of the modern

groups of winged insects that have

left the oldest fossil records mate

with the female climbing on the

male's back. Nearly all modern

crickets still mate this way, and com-

parative study correlating structure

and behavior suggests that all their

ancestors, back to the cockroach line

from which they diverged during

Paleozoic times, mated in the same

fashion. Most cockroaches still start

copulation this way (although, like

some crickets, they finish the act end

to end) , and like the male crickets,

male cockroaches raise their fore-

wings during courtship, exposing

chemical areas on their backs that

attract the female into the mating po-

sition. But cockroaches never devel-

oped prominent stridulatory devices,

even though some of them rustle their

wings audibly during courtship, and

they never developed auditory or-

gans on their forelegs. While crickets

and katydids were becoming acousti-

cal, the cockroaches were elaborat-

ing chemical and tactual stimuli, and

so they remained cockroaches.

It seems beyond question that

cricket stridulation originated

from the wing lifting and vibrations

of courtship. If the auditory organ

also evolved in this context, and it

seems probable that it did, we may

wonder if, during the vibration-per-

ceiving stage postulated above, the

source of vibration might not have

been the shaking and wiggling body

of the male as he vibrated his lifted

wings. The advantage of thus pro-

viding a vibratory stimulus to the

advancing and mounting female

could have resulted in a stridulatory

ability that would add to the vibra-

tions (and incidentally produce

acoustical effects), even before the

appearance of auditory ability. This,

in turn, could have set the stage for

elaboration of the auditory organs

and completion of the transition to

acoustical living for the ancestor of

crickets and katydids.

Although this hypothetical se-

quence involves a great deal of

circumstantial evidence and specu-

lation, the facts fit together so beauti-

fully that, in the absence of any evi-

dence to the contrary, the whole idea

seems quite reasonable.

But to account for the appearance

of the auditory and stridulatory ap-

paratus is only the beginning of

the story. These devices have been

around for 150 million years, and

during that time their actual struc-

ture has changed in only relatively

minor ways. Crickets and katydids

diverged very early and developed

quite different sorts of sounds:

crickets, their clear, whistle-like

notes; and katydids, their lisps and

clicks that are often almost of the

nature of white noise (containing an

extremely wide spectrum of fre-

quencies). The auditory and stridu-

latory devices of the two families

are correspondingly different. But

there are some 2,500 known species

of crickets and even more katydids.

Hardly any two species have the

same sounds in their repertoires.

Here, in the analysis of signal diver-

sity, are foimd the interesting and

most difficult questions regarding

evolutionary change. In many cases

there are no differences at all between

the auditory or stridulatory devices

of species: song differences depend

instead on some unknown variation

in their central nervous systems or

possibly in their muscles.

You may ask why species differ-

ences in cricket stridulations should

always be attributed to evolutionary

change. After all, humans make dif-

ferent sounds in, say, China and

England, but a Chinese baby reared

in London would speak perfect Eng-

lish, and a British baby reared in

China would speak perfect Chinese.

Not so with crickets. So far all of the

environmental manipulations that

entomologists have been able to

dream up, short of actual mutilation,

have had no effect on the kind of

chirp a cricket makes, or the various

chirps to which it can respond. If it

does chirp, it gives the right chirp

for its species, and it does so the first

time it tries, after only a few raspy

starts. This is really no surprise, for

unlike birds and mammals, or even

frogs and toads, most young crickets

do not hatch from the egg until long

after all individuals of the previous

generation have died. This means

that there can be no "culture" at

all in cricket chirping. Differences

among species and differences within

species, in both signals and re-

sponses, have—in every case tested—

been shown to be the result of genetic

differences. The only exceptions are

song variations such as those

brought on by temperature (crickets

are cold-blooded animals) , and even

here, the ability to respond also

changes with temperature. Thus, a

female cricket can recognize a sing-

ing male of her own species only if

he is approximately as warm or as

cold as she is.

This rigidity in the acoustical

behavior of crickets typifies much of

the behavior of arthropods. It is not

merely a failure to evolve learning;

it is another direction of natural

selection. Selection has been mini-

mizing the chances that the kinds of

sounds a cricket makes will be in-

fluenced by sounds it hears ; there are

too many alien sounds in a newly

adult cricket's environment, and too

few chances of hearing another

cricket at just the right moment. This

does not make the cricket's chirp any

less a product of both hereditary and

environmental factors: every charac-

teristic of an organism, after all, de-

pends upon both factors. But the

particular environmental factors in-

volved in the development of a

cricket's chirp are much more diffi-

cult to identify than some of those

influencing, for example, bird songs

or human vocalizations, and they are

evidently less variable among the en-

vironments of different individuals

of the same species.

The evolutionary elaboration of

diversity in cricket signals has taken

place in two contexts. On the one

hand, species have begun to produce

acoustical signals in new situations,

and by evolving the ability to make
use of such innovations, they have

increased the number of effective sig-

nals in their repertoires. On the

other hand, whenever speciation has

occurred, the resulting species have

evolved different repertoires. We
have tape-recorded about 350 signals

from a total of more than 200 cricket

species, in 10 subfamilies and 50

genera, brought together from all

parts of the world. In this entire as-

semblage there are only three pairs

of species, one group of three spe-

cies, and one group of four species

that have any identical signals

among them.
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What kinds of variations occur

among cricket signals ? First,

crickets can never produce sustained

tones: because they make all their

sounds by oscillatory motions of the

forewings, their sounds must be suc-

cessions of "pulses," each produced

by one stroke of the forewings. So

far, all crickets recorded appear to

sonify only during the closing stroke

of the wings (against the slope of the

teeth on the stridulatory file) and, ex-

cept rarely, to open the wings silently.

A cricket can produce one pulse

at a time or a few together ( a "chirp"'

in either case, by common defini-

tion) , or he can deliver a long series

of pulses that may be regularly, ir-

regularly, or not at all interrupted (a

"trill"). The fastest pulse rates

known are about 250 per second at

80 degrees Fahrenheit in some North

American bush crickets in the sub-

family Eneopterinae. Cricket sounds

can also vary in frequency (cycles

per second, roughly equivalent to

"pitch" in human terms 1 , and this

usually relates to the size of the in-

sect. Ordinary house and field crick-

ets, about one-half inch long, all

chirp at 4,000 to 5,000 cycles per

second; some of the tiniest crickets.

Vie to % inch long, chirp at more

than 10,000 cycles per second; and
the large mole crickets, an inch or

more in length, chirp at about 1,500

cycles per second, which is about the

pitch of the third G above middle C
on the piano.

With one exception, all known
cricket chirps are associated either

directly or indirectly with the repro-

ductive function. A student of mine,

Daniel Otte. has found that one of

the giant, burrowing Brachytrupes

species, known as "bull crickets" in

South Africa, makes an "alarm" or

"disturbance" squawk, as do many
other insects, when seized or har-

assed in its burrow. Aside from this

exception, six functional kinds of

cricket signals have been identified,

and a single North American species,

the short-tailed cricket, Anurogryllus

muticiis, appears to possess all of

them. This is a greater variety of

acoustical signals than is known for

any other kind of insect, or for any
fish, amphibian, or reptile, and even

for many birds. Actually, relatively

few mammals have been shown to

have as many as six different acous-

tical signals, although this surely is

because of inadequate study in prac-

tically all cases.

The six acoustical signals func-

Figure resembling row of saucers set on
edge. A, is enlargement of stridulatory

file. Its position in wing venation is

shown by B and C. In most cricket strid-

ulation, file on right wing rubs portion

of left while both wings are raised, D.
Oval area on forelegs, E, is auditory or-

gan. Section of leg at right is inner view.

tional in the reproductive behavior

of crickets may be described as fol-

lows :

1. The calling song attracts sex-

ually responsive females from con-

siderable distances— outside the

range of other senses—and elicits

aggressive behavior in hyperaggres-

sive males. It is almost certainly im-

portant in the spacing of territorial,

singing males.

2. The courtship song stimulates

the female to move forward and into

the mating position.

3. The aggressive sound causes

other males to fight, chirp, or retreat,

depending on the situation.

4. The courtship interruption

sound has no proven function. It

may call females back to males after

accidental separation.

5. The post-copulatory sound may
keep the mating pair together for

subsequent copulation.

6. The recognition sound has no
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proven function. Possibly it keeps

groups or pairs of subsocial individ-

uals together in burrows.

The first acoustical signal in the

cricket system, produced perhaps 150

million years ago, must have been

a soft sound that operated only be-

tween individuals in close proxim-

ity. Otherwise both the auditory

organ and the signalling device

would have had to appear suddenly,

not only in complex form, but al-

ready tuned together—a possibility

too remote to be worthy of serious

consideration. The only soft, close-

proximity signals among modern

crickets are courtship sounds, and

it is likely that this reproductive con-

text was the one in which the first

cricket chirp was produced. All the

other signals are probably outgrowths

of this fundamental situation.

The close functional relationships

between courtship and calling sug-

gest that the calling song is princi-

pally an absentee courtship signal;

it arose as a result of an original

courtship signal becoming more in-

tense and of longer duration, finally

being produced in the absence of the

female and attracting her without

the tactual and chemical signals usu-

ally present during courtship. Spe-

cial aggressive signals probably

arose as modifications of the calling

song after it had already become a

mediator of male-male interactions,

as well as of male-female interac-

tions. There seem to be two ways
in which such duality in function

could have developed. One is by hav-

ing the same structural sound units

affect two different kinds of individ-

uals differently (here, the male and

A burrowing cricket, Valerifictorus mi-

cado, sits in entrance hood of burrow.
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the female) . The other is by devel-

oping two separate components in

the signal, one with an aggressive

effect for other males, and the other

a calling effect for females. The two

different components can then be

produced alternately during sing-

ing. Only a few crickets in Africa

and Australia, among those studied,

seem to have taken the second alter-

native, although many long-horned

grasshoppers, katydids, and cicadas

have done so.

Post-copulatory signals appear to

have evolved from courtship singing

in tree crickets. The female tree

cricket stays on the male's back after

the initial copulation and feeds on

the secretions of a gland under the

uplifted wings. Post-copulatory sig-

nals in the few field crickets that

have them have evidently evolved

from the calling sound. Post-copula-

tory sounds in these two cases are

still similar to the courtship and

I

calling sounds, respectively. Only a

few crickets have post-copulatory

sounds; it surprised us when we
first saw a male cricket singing right

after copulating, since the usual
j

field cricket male cannot call again

until he has developed another

spermatophore, or sperm sac, and is

ready to copulate again. That a sin-

gle sound can function in these two

different contexts, calling (pair form-

ing) and post-copulatory, may result

from the great difference between the

two situations, which reduces the

likelihood of confusion.

The so-called recognition signal

of crickets is too poorly understood

for much speculation about its ori-

gin, but where it occurs it seems

structurally similar to courtship sig-

nals. This signal is made only by

burrowing crickets that have de-

veloped elaborate parental behavior,

and it is the only one supposedly pro-

duced by females as well as males.

CRICKET CALLING SONGS
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Audiospectrographs show calling songs of seven cricket species (genus Gryllus).

G. rubens "trills"; other species "chirp." G. veletis and G. pennsylvanicus have

identical song but avoid confusion since they become adults in different seasons.
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This suggests that its function may be
interchangeable between the sexes.

Perhaps the most significant pres-

sure for evolutionary change in

cricket songs is the advantage of dis-

tinctiveness in the calling signals of

species that are reproductively ac-

tive in the same places at the same
times. As many as 30 or 40 cricket

species may be calling together in a

single habitat in North America, and
if a female could not distinguish the

sounds of her own males, her per-

formance would be inefficient, to say
the least. As we might expect, no two
species that live together in this way
have the same songs. Furthermore,
some closely related species that do
not live together, because they are

either seasonally or geographically

isolated, do have the same calling

songs—in fact, almost exactly the

same repertoires!

The consistent song differences

between species that live together

provide an extraordinarily powerful
tool for the taxonomist. Using song
as his single initial clue, he can ob-

tain specimens of every species in

an area within a short time. As a

result, a great many puzzles in dis-

tribution patterns, morphological
variation, and complexities in life

histories are being solved, and some
hope can be held out for accurate

recognition of all cricket species in

the near future, at least in the re-

gions where field study and behav-
ioral work can be carried out.

The most important species differ-

ences in cricket songs are in their

rhythm patterns. In some cases, the

stridulatory rhythms have become
complex, involving pulse pairing,

gradual increases and decreases in

the rate of pulse delivery, and pro-

gressive, program-like changes re-

quiring a minute or more for com-
pletion. Teleogryllus commodus has
one of the most complex repertoires
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The acoustical repertoire of the field cricket, Teleogryllus commodus, contains two
hythms in calling song: trill (x-y) for male-male communication, chirp (y-x)
or male—female. The repertoire is most complex thus far known for crickets.

known among crickets. Its calling
song is a remarkable alternation of
chirps and trills, pleasant to the hu-
man ear. Among the various species
from Africa, South America, Hawaii,
Jamaica, and other exotic places that

are continually singing in my labo-
ratory, I particularly enjoy listening

to this Australian species and re-

flecting that this must have been one
of the loudest and most persistent

sounds in the environment of the
Australian aborigines all during
their evolution.

European man had the fairly sim-
ple chirps of the European field

cricket, Gryllus campestris, and the

house cricket, Acheta domesticus

;

the American Indians had a whole
array of chirping and trilling spe-

cies. It is not difficult at night, with
the light off in my laboratory—where
there are often 40 or 50 species

chirping and trilling together—for
me to close my eyes and imagine my-
self alone in some primeval habitat

thousands of years prior to the ad-
vent of civilization, surrounded, as

men were then more than now, by
the cheery bedlam of countless crick-

ets chirping messages more than a
hundred million years old.

If I sent you a message by the

crickets, through the thickets,

How'd you answer better?

American Negro Folk Rhyme

Wings raised in song, male Oecanthus
quadripunctatus perches on ragweed.
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Water and the Everglades

This fundamental element, whether profuse or scarce, rules the

life and character of Florida's great park. But water, like living

space, is a resource that civilization demands in ever increasing

quantities. Examined here are the economics of water use by-

Florida 's east coast cities and its effects on Everglades ecology

By William J. Schneider

The Everglades is a river. Like

the Hudson or the Mississippi, it

is a channel through which water

drains from higher to lower ground

as it moves to the sea. It extends in

a broad, sweeping arc from the

southern end of Lake Okeechobee in

central Florida to the tidal estuaries

of the Gulf Coast and Florida Bay.

As much as seventy miles wide, but

generally averaging forty, it is a

large, shallow slough that weaves

tortuously through acres of saw grass

and past "islands" of trees, its waters,

even in the wet season, rarely deeper

than two feet. But, again like the

Hudson or the Mississippi, the Ever-

glades bears the significant imprint

of civilization.

Since the close of the Pleistocene,

10,000 years ago, the Everglades has

been the natural drainage course for

the periodically abundant overflow of

Lake Okeechobee. As the lake filled

during the wet summer months or as

hurricane winds blew and literally

scooped the water out of the lake

basin, excess water spilled over the

lake's southern rim. This overflow,

together with rainfall collected en

route, drained slowly southward be-

tween Big Cypress Swamp and the

sandy flatlands to the west and the

Atlantic coastal ridge to the east,

sliding finally into the brackish water

of the coastal marshes.

The lower, southern edge of Lake

Okeechobee lies at an elevation of

about seventeen feet above sea level,

while the southern end of the Ever-

glades, one hundred miles away, dis-

appears into Florida Bay and the

Gulf of Mexico at an elevation near

sea level. Such an extremely flat

gradient, less than three inches per

mile, causes water to flow with veloci-

ties measured in inches per day,

rather than in the feet per second

range that we usually associate with

rivers. Because of this slow velocity

and because of its extreme width (for

a river) and shallow depths, the

amount of water flowing through the

Everglades has never been measured,

except where it is somewhat arti-

ficially concentrated as it moves

southward through a series of cul-

verts in the Tamiami Trail. Indeed,

a new hydrological technology is

being developed specifically to cope

with the Everglades' almost imper-

ceptible rate of flow. A dye-dilution

method, which will be tested in the

near future, determines velocity by
tracing the movement of a fluorescent

dye injected into the water. Flow is

registered by sensing instruments

capable of detecting the dye at con-

centrations as low as one part of dye

in ten billion parts of water.

Water has always been the key

factor in the life of the Everglades.

The rains that add to the spilled sur-

plus from Okeechobee usually begin

in June, and although variable from

place to place, they average about 55

inches annually, with more than

three-fourths of this amount falling

during the wet season, June through

October. In normal dry seasons in

the past, water covered perhaps 10

per cent of the land surface of the

Everglades. But as the rains came
and as they continued through sum-

mer and early fall, and as Lake
Okeechobee overflowed naturally

into the Everglades, water levels

would rise slowly and steadily. By

late fall as much as 90 per cent of the

land area of the Everglades would be

inundated. Water levels would then

begin their seasonal decline, remain-

ing low through the winter. The
abundant, fresh rains of late spring

and early summer followed, recharg-

ing the cycle.

Throughout much of the Ever-

glades, and prior to man's recent en-

gineering activities, this seasonal

rain cycle caused fluctuations in

water levels that averaged three feet.

Greater extremes, however, were also

part of the natural course of events.

Severe flooding resulted from hurri-

canes in 1926 and 1928; notable

flooding occurred again in 1947. At

the other extreme, and irregularly

punctuating these major, and several

lesser, floods, were periods of intense

drought, as in 1921 when rainfall

from June to September was almost

12 inches below the 35-inch normal

for southern Florida. And always at-

tending drought, of course, is the

hazard of fire. Fires have occa-

sionally been extensive. Park Biolo-

gist W. B. Robertson reported that,

in 1950, 23 fires burned over 121,000

acres of the Everglades National

Park. Clouds of black, acrid smoke
filled the air for weeks, and along

with the vegetation, thousands of

tons of organic surface soils were

also destroyed.

Changing water levels, floods,

droughts, fires, hurricanes: all these

events imposed upon the Everglades

a regimen of catastrophe. Nor is the

role of such demanding fare on the

plants and animals well understood

as yet. It may be that randomly

occurring ecologic trauma is as vital
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High water surrounds a cypress head in southern portion of Everglades.

Below, another ecologic extreme: a pine wood at edge of glades burns during period of drought.



to the character of the Everglades as

is the over-all flat gradient. Never-

theless, despite such a seemingly

catastrophic way of life, the Ever-

glades appears almost dull to the

casual observer, even if he is able to

visit more than just a fraction of its

total area. Except along the southern

Park boundary, he sees, not a lush

jungle, but vast expanses of saw

grass, whose monotony is spiced only

by patches of shallow open water

and scattered, tree-crowded islands.

These three dominant biological

communities—open water, saw

grass, and woody vegetation—reflect

small, but consistent, differences in

the surface elevation of peat soils

that cover the Everglades. Correlated

to these differences in elevation,

moreover, are differences in the

depth of water. This is shown by the

diagram at the bottom of pages

30-31. The open-water areas occur

at the lower soil elevations. Inun-

dated much of the year, they contain

sparsely scattered marsh grasses,

such as spike rush, and an algal mat

of periphyton. The photograph on

page 32 shows a close-up of rushes

and the mat.

Periphyton is basically a collection

of lacy filaments of algae, micro-

scopic animals, and calcite, which

forms a thick, feltlike mat on the

ground and around plant stems. The

mat is thickest on the bottom of the

shallow, open-water pools where sun-

light can penetrate the water and

stimulate the growth of algae.

The saw grass communities de-

velop on a soil base only a few inches

higher than that in the surrounding

open glades. The soil base is thickest

under the tree islands. The few inches

difference in soil depth apparently

governs the species composition of

these three communities, whose sizes

often involve acres or sometimes even

square miles.

The peat soils have developed

over the centuries from the organic

mass of dead vegetation. Carbon-14

dating indicates that the peat began

accumulating about 5,000 years ago

following the last inundation of the

Everglades basin by ocean water.

( Changing ocean levels had until

then periodically flooded much of

the Florida peninsula.) Beneath the

soils is a limestone bedrock formed

during the Pleistocene. The upper

surface of the limestone is irregular

and pitted as a result of solution by

water and organic acids. The deeper

solution holes occur under the tree

islands, probably because organic

acids formed by the roots and decay-

ing litter of trees seep downward and
etch the bedrock.

The tree islands cover 5 to 10 per

cent of the 2,500,000 acres of the

Everglades. This is at best a rough

estimate both of the percentage of

tree islands and of the size of the

Everglades. The estimate on tree

islands comes from a rather crude

sampling of a few aerial photo-

graphs: hopefully, future studies

will refine these figures.

The tree islands, like the mass con-

centration of saw grass, are unique

to the Everglades. Depending upon
species composition, they are known
as either heads or hammocks: heads

if willow, bay, or cypress indigenous

to temperate climates are present;

hammocks if tropical hardwoods
such as mahogany or gumbo-limbo
are present.

Bay heads obtain their name from
the sweet bay (Magnolia virgin-

iana) or red bay iPersea horbonia)

that are present. Other trees, such as

wax-myrtle (Myrica cerifera) , da-

hoon {Ilex cassine) , and pond-apple

(Annona glabra), also occur in the

bay heads, and coco-plum {Chryso-

balanus icaco) usually forms the

periphery. Willow heads and cypress

heads also derive their names from
the most populous trees in the head:

willows [Salix amphibia) and bald

cypress [Taxodium distichum)

.

These, however, are often purer

stands than bay heads and occur on

soil elevations only slightly lower, in

relation to the surrounding water

levels, than the levels of bay heads.

Hammocks, as generally distin-

guished from bay heads, contain

tropical species of vegetation. Com-
mon trees are gumbo-limbo [Bursera

simaruba) , Florida strangler fig

{Ficus aurea) , Florida poisontree

(Metopium toxiferum

)

, wild tama-

rind [Lysiloma bahamensis) , and

false-mastic [Sideroxylon foetidis-

simum) . West Indies mahogany
(Swietenia mahagoni) and the

Florida royal palm (Roystonea

elata) are rare, occurring only in

places where they have managed to

survive the exploitation of man. As

one would suspect, the hammocks are

more prevalent in the southern part

of the glades. They also contain the

largest variety of vegetation of any
of the ecologic communities within

the Everglades. In some hammocks,
more than 35 tree species and more
than 65 shrub species have been

identified, as well as numerous vines,

ferns, and epiphytes.

Today, the Everglades is no longer

precisely a natural river. Much of it

has been altered by an extensive pro-

gram of water management. As a

result, the traditional Everglades en-

vironment has been severely changed.

The Everglades from Lake Okee-

chobee to Cape Sable covers some
2,746 square miles. Of this, 44 per

cent—1,208 square miles—has been

drained for farming or set aside to

be developed as farmland or resi-

dential areas. Another 49 per cent—

1,345 square miles—is water conser-

vation area under the joint control

of the Central and Southern Florida

Flood Control District and the U.S.

Corps of Engineers. An area of 192

square miles—7 per cent of the total

area— is in the Everglades National

Park. The remaining small area is

scattered mostly along the edges of

the Everglades and is subject to

future real estate development. Of
the entire Everglades area, only the 7

per cent that falls within the bound-
aries of the Park is dedicated to the

preservation of typical Everglades

habitat. The rest is diked, leveed,

and canalized in a massive land- and
water-management complex.

The call to drain the Everglades

rang out at the turn of the cen-

tury when land speculators looked to

the black organic soils directly south

of Okeechobee. A drainage program
began in 1906 and resulted in the

construction of a series of canals and

an increase of Everglades landown-

ers from a handful in 1909 to 1,500

in 1911. Commercial crops replaced

saw grass as the drainage canals

steadily lowered water levels. To off-

set the chances of reflooding, 440

miles of canals were dug and 47

miles of levees were constructed to

contain Lake Okeechobee; 16 locks

and dams controlled water move-

ment. But in spite of these "flood pro-

tection" works, the hurricanes in

1926 and 1928 caused severe flood-

ing and great losses of life and prop-

erty. As a result, the Florida State

Legislature created the Okeechobee

Flood Control District in 1929 and
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Scattered tree islands, known as heads or hammocks, provide the only relief in flat, typical

authorized it to co-operate with the

federal government in eliminating

flood problems caused by the over-

flows from the lake. By 1937, 16

million dollars were spent on gates

and levees at Lake Okeechobee and

on canals for flood drainage. How-
ever, during dry periods the unco-

ordinated canal system and the com-

plete draining of the land resulted in

extremely parched farmland. As the

organic soils dried out, they oxidized

and subsided, or settled. Natural

compaction lowered the land surface

of the drained soil by as much as

eight feet, hardly an ideal situation

for intensive and profitable agricul-

ture. But that was not all. Farmers

found that even with the drainage,

floods still occurred. In 1948, the

relative failure of all previous water

control measures prompted a new
plan designed to co-ordinate water

management by storing the lake's

overflow in giant water conservation

areas south of the reclaiiTied agricul-

tural land. It was thought that such a

system would keep Okeechobee at a

safe, non-flooding level. The Central

and Southern Florida Flood Control

Project was created and authorized

to co-operate with the U.S. Corps of

Engineers in operating the project.

In
addition to protecting the agri-

cultural lands from floods, an-

other factor influenced the design of

the new' plan for water conservation.

In the early years following World
War II, the growth of the cities

along Florida's east coast required

an ever increasing amount of water

for municipal and industrial use.

Developed water supplies were ex-

panded, and large withdrawals of

ground water occurred. By 1965, the

coastal cities from Palm Beach

southward to Coral Gables were

using about 300 million gallons of

water each day. Of this, 196 million

gallons per day (mgd) were used in

Dade County, with the city of Miami
supplying 138 mgd from 43 fresh-

water wells. For Miami, this was an

increase of more than 100 mgd since

1946, when water use averaged 37

mgd. In Broward County, where

water use averaged 74 mgd in 1965,

the city of Fort Lauderdale itself

used an average of 37 mgd.
With only small exceptions, the

water supplies of these southeastern

Florida cities are obtained from wells

that tap the Biscayne aquifer. (An
aquifer is a natural underground

water reservoir.) The Biscayne aqui-

fer is a hydrologic unit of water-

bearing limestone that underlies

much of southern Florida and con-

tains its chief supply of fresh water.

One of the most permeable in the

world, the aquifer extends along the

OPEN WATER
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eastern coast from southern Dade
County into coastal Palm Beach

County. About 800 to 1,000 feet

below the Biscayne aquifer is an-

other extensive layer of limestone

called the Floridan aquifer. It holds

water that was trapped during the

last ocean inundation (pre-Pleisto-

cene) and that is consequently too

salty for most uses. Water in some
places in the Floridan aquifer ex-

ceeds 4,000 parts per million of

chloride—more than 15 times the

permissible standard for drinking

water. Separating the two aquifers

is an aquiclude, an impermeable

layer of dense rock that prevents the

circulation of water from one aquifer

to the other.

Water pumped from the upper

aquifer is normally replaced by rain-

fall, which enters the ground and per-

colates down through the soil to the

rocks. But as increased amounts of

water were withdrawn from the Bis-

oayne aquifer, both by municipal

consumption and by overdrainage

through the uncontrolled canals that

were built for land development,

water levels in the aquifer were seri-

ously lowered—an average of five

feet in the coastal area—and sea

water flowed inland. This contamina-

tion of fresh water took place both

deep in the aquifer and in the open

canals leading from the Everglades.

Prior to 1909, salty water extended

up the Miami River only about

one and a half miles from its mouth
on the east coast, fresh-water springs

flowed as much as five feet above sea

level along the western shores of

Biscayne Bay, and wells furnished

ample fresh water, even at the bay's

shoreline. Five years after comple-

tion of the Miami Canal in 1909,

however, the salty water extended in-

land more than three miles, and

fresh-water springs in the vicinity

ceased to flow because of the lowered

water table resulting from the drain-

age of the Everglades. By 1925, the

zone of salt-water encroachment in

the Biscayne aquifer extended inland

far enough to force abandonment of

the two well fields that had supplied

fresh water to the city of Miami. Al-

though only minor biotic changes

occurred along the canals in the

Miami area, thousands of individual

wells were contaminated and many
citrus trees were killed v\'hen irri-

gated with this saline water. The
large biotic changes took place in the

former fresh-water marshes south of

Miami. Mangroves—indicators of

salinity—extended their habitat in-

land, and fires raged across areas

that were formerly much wetter.

The inland encroachment of salty

water has been slowed or stabilized in

SAW GRASS WATER SURFACE

L
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Where soil layer is absent, the etched surface of limestone bedrock is exposed.

Above, spike rush grows where shallow soil and algae mat are present.

recent years by induced fresh-water

recharge of the Biscayne aquifer and

by the construction of salt-water

barriers in some of the tidal canals.

Induced recharge—the process of

augmenting natural, rain-water re-

charge—is accomplished by inhibit-

ing runoff and holding water over the

aquifer for long periods. This per-

mits more water to seep down
through the soil to replenish the

ground-water reservoir. Salt-water

barriers—simplv low dams placed

near the mouths of canals—prevent

salt water from moving beyond the

dams to contaminate fresh-water

areas. Such salt-water barriers, how-

ever, do not impede the seaward flow

of floodwaters: they are equipped

with gates that close only when the

inland flow of salt water is likely, as

during high tide.

Despite such measures, increased

water use by an expanding

population will undoubtedly cause

further problems, both in supply and

in salt-water encroachment. Popula-

tion estimates by the Dade County

Development Department, for ex-

ample, predict an increase for Dade

County (Miami area) alone from

one million people in 1960 to four

million people in 1995. Daily water

use is also expected to rise, from 145

gallons per person in 1960 to 220

gallons per person in 1995. The per

capita increase results from a pro-

jected expansion in industrial water

use. The total increase will require

1.4 billion gallons of water per day,

as compared with the present use of

230 million gallons per day.

To supply this 1.4 billion gallon

future daily need, Kohout and Hart-

well of the U.S. Geological Survey

estimate that the entire amount of

rainfall over a 500-square-mile area

would need to be collected. They

point out, however, that total rainfall

is never available for use: in the

Everglades, almost 80 per cent of the

rainfall is consumed by evaporation

and transpiration. Therefore, if the

remaining 20 per cent—IOV2 inches

per year—were diverted to the Miami

well fields, it would require an area

of 2,800 square miles to supply Dade

County alone in 1995. This is an area

as large as the entire Everglades from

Lake Okeechobee to Cape Sable.

Increased water demands will

probably be met by increased pump- i

ing from the Biscayne aquifer, but
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such additional pumping may cause

further salt-water intrusion. Hope-

fully, the situation will not be as

bleak as these estimates may sug-

gest. Water is a reusable resource,

and advanced technology and en-

lightened water management should

be able to insure a continuing supply

of fresh water in southern Florida.

The water situation of the Ever-

glades National Park is also causing

great concern. At the southern peri-

phery of an extensive hydrologic

system that furnished fresh water to

southern Florida, the Park has de-

pended on rain water as well as on

water that flowed into it from the

north. In December, 1962, the

southern perimeter levee of the con-

servation areas was completed, thus

establishing for the first time a

permanent obstruction to the south-

ward flow of water to the Park. Pre-

vious hydrologic records collected

by the U.S. Geological Survey indi-

cate the enormous amounts of water

involved. For the ten years prior to

1962, flow into the Park through the

Shark River Slough averaged about

250,000 acre-feet per year. The flows

varied seasonally: lowest flows oc-

curred in May and averaged 14 mil-

lion gallons per day; the highest

occurred in October and averaged

660 million gallons per day. The flow

to the Park is normally 40 per cent

of the total southward flow across the

Tamiami Trail east of Monroe.

The need for water from the north

to maintain the traditional ecol-

ogy of the Park may be inferred from

data on evapotranspiration. During

a drought in May, 1962, when the

only movement of water through the

Park was natural seepage under

the levees along the northern Park

boundary, there existed in the south-

eastern part of the Park an area of

roughly 75 square miles where water

levels had fallen to 1.5 feet below

mean sea level. Records of water

levels in and near the area indicated

that the water levels during this

period fell at an average rate of more
than i/o inch per day, primarily as a

result of evapotranspiration. For the

75-square-mile area, such water loss

amounted to 432 acre-feet, or 141 mil-

lion gallons, per day—an enormous

amount. The quality of water during

the same May, 1962, drought pro-

vides further evidence of the fresh-

water need of the Park. The water-

level depression that occurred in the

southeastern part of the Park caused

underflow in the ground water to that

area from a seaward direction, as

well as from the north. As a result,

salt water moved inland through the

limestone aquifer. Even twenty miles

inland, chloride concentrations as

high as 1,000 parts per million were

detected. This same concentration-

four times saltier than normal drink-

ing water—moved inland to within

five miles of Homestead.

Since December, 1962, when the

last conservation area was completed,

water releases to the Park have been

irregular and inconsistent. For ex-

ample, in April, 1965, the Park suf-

fered from drought. During that

month, releases to the Park from the

limited storage totaled a meager 140

acre-feet of water. At this same time,

it was found necessary to lower the

level of Lake Okeechobee in advance

of the coming rainy season. Water

was consequently released directly to

the sea via canals. More than 280,000

acre-feet were shunted to the sea,

enough to supply the Park for an en-

tire year. Amid the protests over this

waste of urgently needed water, the

flaw in the flood control system be-

came obvious. It was impossible to

move excess water from Lake Okee-

chobee to the Everglades National

Park under the existing canal system

without also pouring it across the

farmlands in-between.

Efforts to work out more satisfac-

tory schedules of releases to the Park

have recently been intensified. Canals

connecting Lake Okeechobee with

the conservation areas are being en-

larged to permit greater, more rapid

West
Palm
Beach

39



flow of water to the south, and emer-

gency pumping has been used as a

temporary measure to move the

water more rapidly from one con-

servation area to the next. Neverthe-

less, the basic problem still remains:

because of the extremely flat land it

is almost impossible to move water

quickly and efficiently from one part

of the Everglades to another. More-

over, the effect of water releases on

the flora and fauna is still incom-

pletely known. Too much water- re-

leased into the Park during an ab-

normally wet season, for example,

may result in conditions as severe as

those caused by drought.

The only definitive study of Ever-

glades vegetation was made more
than twenty years ago by J. H. Davis;

another study by W. B. Robertson

described the role of fire. Other eco-

logic and hydrologic data have been

scarce. Perhaps the most significant

hydrologic data available are those

collected since 1939 on the flow

across Tamiami Trail, and those

from the rudimentary network of ob-

servation stations established south

of the Trail since 1952. These collect

data on water-level fluctuations,

changes in water quality, and losses

by evapotranspiration.

In recent years, the U.S. Geologi-

cal Survey has expanded its program
of data collection in hydrology and

has initiated new studies in hydro-

biology. One such study, conducted

co-operatively with the National

Park Service, involves the efforts of

M. C. Kolipinski to find indicators

of the abundance and well-being of

the aquatic populations of the area.

This is being accomplished by sys-

tematic sampling at several t^'pical

alligator holes and, during the wet

season, at selected open Everglades

sites. Although the study has been

in progress for only one year, several

indicators—killifish, mosquito fish,

gar, bream, fresh-water shrimp, and

dragonfly nymphs—have been identi-

fied and selected for regular monitor-

ing. Future efforts will attempt to

assess the roles of these indicators

in the Everglades food chain and

the effect of water levels on their

abundance.

Plans for mapping the Everglades

are also in progress. Because of the

uniqueness of the area—the flat

topography and lack of cultural fea-

tures—normal methods of carto-

graphic mapping cannot be applied

successfully. So far, only three stand-

ard 1:24,000 scale topographic maps
have been prepared of the Everglades

area. With the usual cartographic

symbolization and a five-foot contour

interval, these maps show not more
than one contour line per sheet in

the Everglades, and the swamp sym-

bol covers as much as 90 per cent

of the sheet. Research is now being

conducted on the development of a

photo-image map that will be more

meaningful. The photomap is pro-

duced from two negatives: a photo-

tone negative that captures all the

imagery of, say, clumps of vegetation

but shows it in a subdued tone, and

a photoline negative that captures

only the edges of the images and that

is similar in appearance to a line

drawing. The end result gives a fairly

accurate picture of the lay of Ever-

glades vegetation.

Photography from orbiting satel-

lites may become important to

future studies. Orbital photography

from a proper altitude could provide

a single photograph of the Ever-

glades at one instant in time and at

a single angle of sun illmnination.

This overcomes the disadvantage of

aircraft photography, which is done

under varying sun angles, thus mak-

ing interpretation of the photography

more difficult. In addition, photo-

graphs obtained seasonally from an

orbiting satellite would allow rapid

over-all assessments of changes in

vegetation and inundation resulting

from natural and man-made causes.

An electric analogue model of

nearly 2,000 square miles of the Bis-

cayne aquifer is also under construc-

tion. Because of the similarity be-

tween the flow of electricity through

a conductor and the flow of water

through an aquifer, a network of

resistors, capacitors, and diodes is

being constructed to duplicate the

hydraulic characteristics of the aqui-

fer, including the effects of control

dams and levees. When completed,

it will serve as a predictive tool for

evaluating the merits of alternate

water management plans.

Currently, hydrologic data are

being collected at some seventy sites

in and around the Everglades. Flow

in both the natural streams and

canals is measured at more than

twenty-five sites where continuous

records of water level are recorded

and translated into quantities of flow.

Ground-water levels are read at ap-

proximately one hundred observa-

tion wells for information on the

hydrologic status of the Biscayne

aquifer. Water samples are also ob-

tained on a systematic basis and

analyzed for salinity and other water

quality parameters. These data pro-

vide the basis for all studies of the

water resources of southern Florida.

Many hydrologic questions still

remain unanswered. For example,

how much fresh water drains through

the Everglades into the Shark River

and other estuaries of the Gulf of

Mexico? Although the historic flow

into the Everglades National Park

through the Shark River Slough has

been established as a quarter-million

acre-feet of water per year, further

study is needed on the manner in

which regulated releases are made
from the conservation areas. Re-

leases based on monthly or seasonal

averages may be satisfactory. On the

other hand, as previously pointed

out, the role of severe flood and

drought on the ecology of the Ever-

glades is poorly understood. It may
be that occasional flood and drought

are necessary to maintain the present

biological character, and these may
need to be programmed into a sched-

ule of water releases.

Another unanswered question re-

lates to the ecotone. How does the

fresh-water outflow across the Ever-

glades affect the line of demarcation

between the brackish-water marshes

with their dwarf mangroves and the

fresh-water saw grass environment?

It is likely that a cessation of sea-

sonal fresh-water outflow could cause

an inland penetration of mangrove

and brackish water far beyond its

present limits. Such penetrations

have often been observed in the past

but never adequately measured.

It is obvious that much research

will have to be conducted if we are

going to answer any of these ques-

tions with intelligence. Until water

problems—and in the Everglades that

also means ecological problems—are

thoroughly understood, it will be im-

possible to fully solve them.

Drainage canals course through the Everglades in foreground.

Vieiv looks eastward, toward Palm Beach and the Atlantic.
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SKY REPORTER
'he first major Leonid shower since 1932 may occur this month

By Thomas D. Nicholson

THE reader may imagine a constant succession of

fireballs, resembling rockets, radiating in all direc-

tions from a point in the heavens . . . some were points

but others were larger and brighter than Jupiter or

Venus; and one was nearly as large as the moon. The

flashes of light were so bright as to awaken people in

their beds." These are some of the words that were used

to describe what appeared in the sky during the night

of iNovember 12, 1833. They are quoted from an account

by a mature and reliable eyewitness, Professor Denison

Olmstead of Yale College.

Apparently it was a clear, cool evening over most of

the eastern United States on that autumn night. Then,

out of the starry sky, there burst literally a rain of me-

teors, described by many as "falling from the sky like

snowflakes."' In Georgia the display began early in the

evening, about 9:00 p.m., reached its peak about 2:00

A.M., and faded before dawn. Farther north, at West

Point, N.Y., and at New Haven, Conn., the display did

not begin until about 5:00 A.M., quickly reached its peak

of intensity, and had begun to diminish by 6:00 A.M.

One observer at Boston, Massachusetts, had the pres-

ence of mind to try counting and reported 650 meteors

seen in perhaps one-tenth or less of the whole sky in a

period of 15 minutes. A reliable observer, H. C. Twyning
at West Point, estimated that there were at least 10,000

bright meteors per hour at the height of the storm.

The great meteor storm of 1833 burst upon a world

unsuspecting, and largely ignorant, of such a possibility.

vet the records, after later study, showed that it could

have been expected, if not actually predicted. The fault

probably lay as much with astronomers as with anyone,

for until only a few years before, they had refused to

believe that meteors—those bright streaks of light so

commonly seen in the night skv—could be produced bv
an extraterrestrial source. The meteor display of No-

vember, 1833. dispelled all doubts. Many observers

clearly reported that the meteors seemed to emanate

from a region within the constellation Leo and that, as

Leo moved slowly westward during the course of the

display, the radiant point moved with the constellation.

Named for the direction among the stars in which the

radiant point appeared, the Leonids sparked the begin-

ning of an intense study into a new field of astronomy.

We know today that many meteor showers occur an-

nually. Although perhaps onlv ten or so are well known
and produce enough meteors to be worth watching for,

An unusual photograph shotrs a brilliant fireball streaking

across sky as exposure uas being made of Great Galaxy in

Andromeda. Picture ivas taken at the Prague Observatory.

dozens of different showers have been identified. They
are caused by streams or swarms of particles that travel

around the sun in more or less well-defined orbits, cross-

ing, at least at one point, the orbit of the earth. As the

earth revolves around the sun, each year, it reaches its

encounter with each stream at the same point in its orbit

and, as it runs through the orbit of the stream, scoops

into its atmosphere some of the particles that make up

the swarm. These particles, all traveling on parallel paths

around the sun, enter our atmosphere from the same
direction—the same point among the stars. However, as

the particles hurtle through the air, the effect of per-

spective makes it appear that they radiate away from
a point, or region, in the sky. Thus this point, or region,

is known as the radiant of the shower, and its location

among the stars gives the shower its name. Meteors

of the Leonid shower appear to radiate from a region

in Leo ; the August Perseids from a region in Perseus

;

the April Lyrids from a region in Lyra.

THE source of the particles that make up a meteor

stream was identified by the famous Italian astron-

omer G. Schiaparelli (of Martian canali fame) in 1866.

In that year, he established the identity of another

famous shower, the August Perseids, with the orbit of a

comet that had appeared in 1862. In the same work,

Schiaparelli published his calculations for the orbit of

the stream that produces the Leonids, and this soon

was identified with the orbit of another comet known as

1866 I. In both cases, comets and meteor streams were

found to be following nearly identical orbits, and sub-

sequently other matched comet and meteor stream or-

bits were found. Although all known meteor showers

have not been associated with known comets, any more
than all comets have been identified with meteor streams,

the relationship seems clear. Meteor streams probably

represent debris left behind in their orbits by comets

that approach the sun or the larger planets.

While the famous shower of November 12, 1833, may
have been the beginning of serious investigation into

meteor astronomy, it was neither the beginning nor the

end of the history of the Leonid shower. After the event

had occurred, reports were found in which ship captains

and observers in Europe and Asia had described large

numbers of meteors on November 13, 1831, and again

on November 12 and 13, 1832. Other accounts were later

brought to light of a brilliant shower of meteors seen

from the West Indies and the Gulf of Mexico on No-

vember 12, 1799. In the years following 1833, many
astronomers investigated the history of November me-

teors in ancient documents, and succeeded in tracing

accounts of the Leonids as far back as A.u. 585. The his-
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Sketch of the great Leonid shoiver of the night of November

12, 1833. Visible throughout the eastern United States, it

was the first such shower to be identified by its radiant.

Accounts of the Leonids have been traced as far back as

A.D. 585. Although spectacular, the shower predicted for

1867, shown above, was not as strong as the shower of 1833.

tory strongly suggested that better-than-average displays

occurred in periods of 33 or 34 years. Thus great storms

of meteors had occurred in November at these intervals,

and they could be expected to continue occurring as long

as the meteor swarm remained intact. Apparently there

was a dense cloud of matter revolving around the sun in

a period subsequently established as 33.25 years.

BASED on the history of the Leonids and their calcu-

lations of its orbit, astronomers predicted that an-

other major shower would occur in 1866 or 1867, and

indeed it did, although it was not as spectacular—accord-

ing to the accounts—as the shower of 1833. The hourly

rates for a single observer were reported to be 5,000 on

November 13, 1866; about 1,000 on November 13,

1867; and again about 1,000 on November 13, 1868.

The return of the shower was anticipated again in

1899. In the intervening years, the Leonids had pro-

duced only modest numbers of meteors, about 30 to 50

per hour at maximum. But 1899 was another year in the

cycle, and rather wide publicity was given to the pos-

sibility that it might bring another display such as was

seen 66 years before. Unfortunately, it did not material-

ize, and the faith of the public in the infallibility of astro-

nomical calculations was rather badly shaken. In fair-

ness to astronomers, however, there were some cautions

issued before the anticipated event. Calculations showed

that the swarm of particles could pass sufficiently near

the orbit of Jupiter so that the particles could be de-

flected into another orbit.

Following 1899, interest in the Leonids never revived.

not even in 1932, when another year in the cycle came
due. That year a good display was produced in Europe,

where up to 250 meteors per hour were counted, but

nothing comparable to the former great storms.

Now, again, in 1966, the cycle falls due once more.

What will it produce? To be on the safe side, we should

predict no more than the usual 30 to 50 meteors per

hour of the Leonids in their better years. But there are

a few signs that it could be more interesting. Strong

showers, with hourly rates of up to 120 meteors, were

reported in November, 1965, from widely separated lo-

cations, including Hawaii, Australia, and southern

United States. From the Smithsonian tracking station in

Hawaii came reports of Leonids as bright as magnitude
—5 (brighter than Venus at its best) , indeed bright fire-

balls, with trains lasting several seconds. Transatlantic

pilots reported frequent fireballs, at times several in the

sky together. These reports are reminiscent of the bright-

ness, if not the numbers, of the objects seen in 1799
and 1833.

It could well be that we may see, this November, an-

other interesting, if not spectacular, Leonid display. If

so, the key date will be November 16. from about mid-

night (when Leo is up in the east) until dawn. The
crescent moon will be long since set by then, and condi-

tions—except possibly for the weather—should be ideal.

If you are looking, you should certainly see at least sev-

eral dozen meteors per hour in the eastern sky.

Dr. Nicholson, the regular author of this column, is also

Chairman of the American Museum-Hayden Planetarium
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Some Symbionts of the Sea

These cells, taken from the tentacle of an anemone, are symbiotic algae and are

found in various forms of marine life. They play a role not yet fully understood.

Current research shows that algae living within the tissues of

many marine organisms play an important function in ocean life

by HUGO FREUDENTHAL • JOHN LEE • JOHN McLAUGHLIN

In
the biological world, life is

largely a business of preying and

being preyed upon; examples of co-

operation are comparatively rare.

There are, of course, some organisms

that, in the course of evolution, have

overcome the defense mechanisms of

others and have become parasites

living at their hosts' expense. This is,

in itself, a delicate relationship, for

an overly voracious parasite may
eliminate its host, and thereby its

own niche in the world.

There is a fine distinction between

parasitism and co-operation, or sym-

biosis. No host gains any advantage

from harboring a parasite. Symbio-

sis, however, is of mutual advantage

and is perhaps an even more delicate

matter. Imagine, for example, the

subtle evolutionary steps that led to

the appearance of lichens, a mutually

beneficial combination of fungi and

algae that forms the beautiful and

tenacious plants that are commonly
found growing on bare rocks or trees.

One might say that some algae

have evolved with a considerable

symbiotic potential, for there are a

number of instances—on land, in

fresh water, and in the oceans—where

algae have been found living in

mutually beneficial relationships

with other organisms. As biologists

probe further and further into the

nature of marine life, particularly

into the complicated ecology and pro-

ductivity of the oceans, these in-

stances of algal symbiosis become all

the more important.

In fact, many kinds of marine or-

ganisms harbor algae: among them

are protozoans, sponges, flatworms,

shellfish, and coelenterates, which in-

clude sea anemones, jellyfish, and

corals. It is fairly well known, for

example, that many of the reef-build-

ing corals contain algal symbionts.

Dr. T. F. Goreau and his associates

at the University College of the West

Indies have studied the rate at which

reef-building corals deposit calcium.

They have found that ten times as

much calcium is deposited in the
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light as in the dark, and that corals

without algae show a uniformly low

rate of calcification. Clearly, the

photosynthetic algae are an im-

portant factor in the life cycle of the

corals and therefore in the unique

marine habitat of the coral reef.

Another extensively studied algae-

host relationship is that between the

protozoan Paramecium bursaria and

a species of the simple green alga

ChloreUa. The association is heredi-

tary: a single host may harbor

several hundred algae that are trans-

mitted to both daughter paramecia

at cell division. The algae and host

have been grown separately in the

laboratory, and it has been shown

that the growth rate and maximum
population density of Paramecium

bursaria are increased by the pres-

ence of the algae. The algae seem

capable of supporting the host for

some time in light and in the absence

of other food, allowing the host to

become partially independent of its

bacterial food supply, a situation

with obvious survival value.

Scientists have studied still an-

other s)mbiotic system, that of the

green hydra, Chlorohydra viridis-

sima, and a species of ChloreUa. Ra-

dioactive tracers have shown that the

algae photosynthetically incorporate

carbon dioxide and release some of

the resulting carbon compounds into

the hydra tissue, \\here thev are as-

similated. When green and albino

(algae-freej C. viridissima were fed

daily on brine shrimp, both cultures

grew at nearly identical rates. But in

limited food cultures, the growth of

the green hydra always exceeds that

of the albinos. Under starvation con-

ditions, the green hydra survived for

two to three weeks, while the albinos

succumbed in six to ten days.

Recently, at the Haskins Labora-

tories and at The Ainerican Museum
of Natural History, we have been

studying the associations of algae

with the marine coelenterates, par-

ticularly the "upside-down" jellyfish

Cassiopeia. The first task of our re-

search was to identify the algae that

coexist with this coelenterate.

Certain of the algae that live with

coelenterates are referred to col-

lectively as zooxanthellae, because

they have a predominance of brown
pigment in their cells; the brown pig-

ments in plants are frequently

chemicals called xanthophylls. Green

symbionts are called zoochlorellae,

for the photosynthetic pigment

chlorophyll. Earlier research had

established that many of the algal

symbionts of the coelenterates are

dinoflagellates, microscopic plants

common in both marine and fresh

waters. Characteristically micro-

scopic in size (7 to 500 microns),

dinoflagellates have two flagellums;

one trails behind the organism and

the other is wrapped around it like a

belt. The action of the flagellums

causes the organism to spin as it

swims forward, hence the name
"dino" (spinning) flagellate. Dino-

flagellates are a major component of

the plankton of the sea and are im-

portant in the food chain. Some dino-

flagellates are not so beneficial,

however. For instance, there are

those that cause shellfish poisoning

and also produce the famous red

tide, which causes massive mortality

Sunshine penetrates to jellyfish (foreground) in shalloiv waters off Florida's coast.

This energy enables photosynthesis by yellow-broivn algae, called zooxanthellae.



Zooxanthellae observed in the labora-

tory had this life cycle. Steps marked

H and I are suspected, but unconfirmed.

in fish, spray-borne respiratory irri-

tation to man. and tremendous eco-

nomic loss. The poison produced by

the red tide dinoflagellates is a

powerful nerve toxin; one gram

could kill about 5 million 20-gram

mice in 15 minutes.

Among the dinoflagellates, alrhost

every type of nutritional relationship

can be found. Photosynthetic dino-

flagellates are prey in the fresh-water

and marine food chain. Some live by

absorbing nutrients from their en-

vironment; others are predators.

Some can live both as feeders and

photosynthesizers ; still others are

parasites.

The task of identifying Cassio-

petals symbiont was complicated by

the fact that while in the host, the

alga is in a non-motile, vegetative

form—a spherical yellow-brown cell.

Precise identification depended on

seeing it in its motile, free-swimming

form, if indeed there was a free-

swimming form at all.

To resolve this, we needed a pure,

or axenic, culture of the zooxanthel-

lae. An axenic culture contains only

one species of microorganism with-

out any contaminant organisms: it

Among the many forms of marine life

that contain symbiotic algae are a
radiotarian and a foraminifer, two pro-

tozoans that are hosts to cyanellae

(blue-green algae) and zooxanthellae.

Various other protozoans contain zoo-

chlorellae (green algae). Stinging coral

and sea fan arc coelenterates and are

known to contain only zooxanthellae,

one of the three symbiotic algae.

Life Cycle of

Symbiodiniutn niicroadriaticunt
,

GAMETES ?

DIVISION
WITH CYST

guarantees that the results obtained

relate solely to the organism under

study and are not caused by the ac-

tivities of some interloper. "Axenic"

literally means without strangers.

In order to obtain symbiotic algae

from the Cassiopeia, we homog-

enized the animal in a blender and

then separated the freed algal cells

from the "jelly" by spinning the

homogenate in a centrifuge, washing

the cells with sterile sea water, re-

centrifuging several times to remove

as much of the bacteria and debris

as possible, and then treating the

cleaned, precipitated, non-motile al-

gal cells with various antibiotics to

kill any remaining bacteria. Even

after these tedious procedures, an

additional step was needed to obtain

an absolutely pure culture. Using a

hair-thin glass needle drawn on the

tip of a small pipette and a dilute

culture of the zooxanthellae in a slide

under a stereoscopic microscope, a

single zooxanthella cell was placed in

a tube of sterile culture medium. This

cell multiplied and became the ances-

tor of the many axenic cultures since

st^^^^^llf; RADIOLARIAN
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used in our studies of zooxanthellae.

The axenic cultures yielded two

types of cells. One was the spherical,

non-motile, golden-brown zooxan-

thella cell that lived in the coelen-

terate host. It grew on the walls and

bottom of the culture tubes, or in

floating mats. The second cell type,

swimming in spiral courses through

the medium, was a dinoflagellate.

In the axenic culture, the dino-

flagellates would frequently lose their

flagellums and become spherical in

form. Then, occasionally, they would

revert to their motile form. Thus was

established the relationship between

the zooxanthellae and the dinoflagel-

lates; the zooxanthella was named
Symbiodiniiim inicroadrmticum, re-

flecting its probable symbiotic na-

ture in its generic name.

Like many other "simple" one-

celled protozoans, the life cycle of S.

microadriaticwn is complex and in-

volves many stages, all of which are

adaptations to the changing environ-

ments to which it is exposed. During

its life the zooxanthella may pass

through both the motile and the non-

motile stages, or it may be confined

entirely to one or the other. The non-

motile stage lives within the animal's

cells or in the spaces between the

cells. Here it reproduces, generally

by binary fission, producing two

daughter cells of equal size. It may,

however, undergo formation of a

reproductive cyst. In this case it

divides within a cyst to form two,

three, or four non-motile cells. When
the cyst ruptures, the cells are freed

to continue their vegetative existence

outside the host. The organism may
also undergo transformation within

the cyst to form a motile, dinoflagel-

late type of cell, which then comes

out of the cyst and swims off. It is

presumed that the motile dinoflagel-

Electron micrograph reveals fine struc-

ture of the zooxanthellae. Dark striated

bodies are chloroplasts, the parts that

contain chlorophyll. In the vacuole at

top is seen an assimilation body, the

structure that serves the cell for the

storage of carbohydrates.

late is the stage that transfers from
one coelenterate to another, although

we do not know how it actually en-

ters the animal; it is probably in-

gested. However, the zooxanthella (in

its non-motile stage) may pass from

one generation of the coelenterate to

the next through the latter's embry-

onic stages: zooxanthellae have been

found in coelenterate larvae.

At this point the question arises:

What controls the transitions be-

tween the motile and the non-motile

stages? In a culture tube containing

mostly vegetative cells, motile dino-

flagellates appear shortly after the

illumination of the culture begins

and reach their maximum number

within a few hours. After that time

they gradually revert to a dominant

population of non-motile forms.

There also is a chemical control: a

higher concentration of calcium ions

in solution favors the dominance of

non-motile stages. As the calcium
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Photomicrograph shoics the chromo-

somes of zooxanthellae, ivhich are most

concentration is decreased, the cells

become predominantly motile.

Another dinoflagellate that we

have studied responds to a phosphor-

ous trigger. Glenodinium halli is

similar in appearance to S. micro-

adriaticum and also forms a non-

motile vegetative cell. But in this

case, higher phosphate concentra-

tions favor production of motile

cells, and decreased phosphate shifts

the balance to vegetative cells. Cal-

cium is not as important to this or-

ganism as it is to 5. microadriaticum.

These different triggers appear to re-

flect a case of biochemical evolution

along different paths. G. halli is, as

far as we know, a free-living dino-

flagellate with no intrahost stages. It

must regulate its life cycle to events

often found in late prophase. This is

an early stage in the division of nuclei.

in the open sea, where the phosphate

level may fluctuate considerably. But

the zooxanthella's life history is at-

tuned to its host. When it is in the

high-calcium environment of coelen-

terates and soft corals, it must stay

in the non-motile stage. When the

host dies, the non-motile stage is re-

leased into the sea. Here, in the lower

calcium sea water, it turns motile and

seeks a new coelenterate.

Another aspect of a symbiotic re-

lationship concerns the advantages

for each symbiont. A number of

workers have been investigating the

role of algae in the coelenterate

economy, and all the zooxanthellae

and zoochlorellae studied so far take

up carbon dioxide during photo-

synthesis. Carbon dioxide is, of

Zooxanthellae, the cells of which are cytoplasm of a foraminifer, G. ruber.

shown with small, dark nuclei, occupy Long structures' function is unknown.

?W»J!5?».-» , .

course, produced by the respiration :

of the animal host, and is liberated \

into the surrounding medium. But

the value of respiratory carbon

dioxide to the symbiotic algae is dif-

ficult to assess. It is normally abun-

dant in both sea water and fresh

water, but it is possible that high con-

centrations of zooxanthellae in an

animal cause a local deficiency of

carbon dioxide. If this is the case,

photosynthesis might not be possible

without the additional carbon diox-

ide provided by the host's respiration.

We have recently been studying

the cytology of the zooxan-

thellae of the coelenterates. as well as

those of certain planktonic foraminif-

era, in the hope that we can learn

more about the complicated bio-

chemical relationships that exist be-

tween the algae and their hosts.

The zooxanthellae that live in cer-

tain planktonic foraminifera such as

Globigerinoides ruber undoubtedly

influence the life histories of these

marine protozoans and their effect

on the total productivity of the sea.

With the help of Dr. AUan Be and

his group at Lament Geological Ob-

servatory we are studying these zoo-

xanthellae, and we are fairly certain

that they are not the same species

that occur in the sea anemones or

medusoid coelenterates. However,
i

the actual identification of the

species is largely based on examining

the motile cell, as was the case with

S. microadriaticum, and we must

therefore get the algae in culture.

Soon we should be able to isolate its

zooxanthella. identify it, and do the

much-needed physiological studies.

There are many unanswered ques-

tions about the interplay between

algal symbionts and their hosts. With

the rapid advance of culture tech-

niques and physiological technology

we can look forward to a better

understanding of the genetics, evolu-

tion, and subtle harmony between

these sea-going symbionts.

In photomicrograph, right, cytochem-

ical preparation has stained certain

types of protein yellow. A character-

istic of zooxanthellae (at right) while

in hosts is that their chromosomes are

condensed in the nucleus; these are

stained green. Chromosomes in some ;

cases are cupped over assimilation

bodies, ivhich stain red; also "felly"

of Cassiopeia (host, at left) stains red.

50
I



Ifw





Symbolic of

the Everglades,

this reptile exerts

a steady influence

on surrounding

flora and fauna

by Patricia Caulfield

he female alligator firmly

grasped the clump of saw grass near

its base, then pulled and twisted it

free. She dragged the grass and the

tnuddy ooze clinging to its roots

twenty feet to a heap of previously

uprooted vegetation and dropped it;

then, pressing with the full weight

of her body, she packed the grass on

the mound. When the mound was
about five feet in diameter and two

[eet high, she stopped working and

svalked around it. She then climbed

he mound and painstakingly hol-

owed a depression in the center,

forcing the grass and mud back and

ip the sides with her feet as she

ivorked her body around in a full

;ircle. When the edge of the mound
vas twelve inches higher than the

;enter, the nest-maker climbed down,

vaddled off, and disappeared into the

surrounding saw grass.

Shortly after dawn the next day

he returned, lay across the hollowed

lepression, and deposited her eggs,

(tausing only a few times in the proc-

!ss to rest. She laid 24 eggs in all.

vhite ellipsoids about 2 inches long

ind 1^/2 inches in diameter. The eggs

vere relatively small, as was the size

if the clutch. The alligator was young
-at approximately eight years she

was only about six feet long and

weighed perhaps ninety pounds.

To cover the nest, she lashed the

nearby saw grass with her tail and

picked up and carried the grass cut-

tings in her mouth. These she de-

posited over the nest, repeatedly

pressing them down to smooth the

nest's surface. When she finished, she

retired to her den in the bank of the

nearby pond, which may have been

created some 10,000 years before by
another alligator.

While I didn't witness these events,

I have reconstructed them to explain

the behavior of the small female alli-

gator that we came upon when we
entered her pond in the Everglades.

She was sunning herself on its edge,

lying on bent-over saw grass. We
moved the boat in closer, and I took

pictures. The alligator stared. One of

my companions threw a flower at her.

She snapped, and so did I. Then she

moved into the water and swam
swiftly around the pond. Wild alliga-

tors are quite shy of man. With the

occasional exception of crotchety old

bulls and of females guarding their

nests or young, alligators will flee

and hide rather than stand ground.

We left the female alligator in

peace after about twenty minutes.

Assuming that all went well with her,

she probably continued to guard her

nest, keeping it properly moist by
splashing water on it with her tail or

by urinating on it if the water table

dropped too low. Heat generated by

the rotting vegetation would keep the

eggs warm. After approximately

sixty-three days, the alligator young

(partially in their eggs) will call out,

and the mother will remove the layer

of grass and mud that covers them.

Using the egg tooth at the tip of its

nose to extricate itself from the egg,

each 8-inch-long infant will remain

in the nest at first, with the yolk sac

that nourished it not yet completely

absorbed. Within a few days, the sac

disappears. By that time, the young
have left the nest and followed their

mother to her pond and den. For at

least one season—if not two or three—
they remain with the mother, who
continues to protect them from harm,
which comes mostly in the form of

the larger wading birds, raccoons,

bobcats, and even adult alligators.

But when the young alligators grow
to three or four feet in length, they

have few enemies—only other alliga-

tors and man.
During the wet season in the Ever-

glades, when the water, a foot or more
deep, flows slowly south through the

saw grass, alligators range far from
their dens. But in the dry season,

normally January to late May or

June, they stay closer to their ponds,

which are then the last reserves of

available water.

Except for deer, who quench their

thirst with dew, all the animals in

the glades are heavily dependent on

the ponds. Raccoons and bobcats

come to them to drink; birds use

them as feeding and watering places

;

most of the fish that are able to sur-

vive droughts and that subsequently

restock the waters of the Everglades

collect there.

The ponds are not geologic acci-

dents. They were created and are

maintained by the alligators, which

also dig dens in their banks. To make
a pond, an alligator uproots grass

and mud, slashing with its powerful

tail, digging with its hind feet, and
carrying debris away in its mouth. It

digs its den, which is usually floored

by the limestone that is several feet

under the surface of the soil, in the

same way, often tunneling as far as

twenty feet from the pond. The den

is simply a tunnel, with a space at the

end large enough to permit the alli-

gator to turn.

The alligator continues working

on the hole while it lives there, deep-

ening it, widening it, keeping it free
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of weeds. Most of the muck and

chopped organic matter floats away,

but some lodges in the grass at the

pond's edge. From airborne seeds,

willows take root in the edges:

eventually the pond is rimmed with

willows. As the trees grow, their

trunks, leaves, and roots present sur-

face resistance to the slow southward

flow of Everglades water, causing

sediment and organic materials to

collect around them. On this mound
the trees shed their leaves and dead

grasses accumulate. After many
years of such litter deposits a dry-

land island builds up in the river of

saw grass. Called either a head or a

hammock, the island's soil elevation

is no more than a few inches or feet

above the roots of the surrounding

saw grass. But it is high enough for

trees to root and for the establish-

ment of an ecologic community that

is completely different from the sur-

rounding, grassy river.

Usually only one bull, one cow

with young, or a number of adoles-

cents reside in a single alligator hole

and den at one time. Alligators are

not overly social. Occasionally there

are two dens in one large pond: even

more rarely two congenial bulls may
share one den. When conditions be-

come very dry, the water table drops

below the bottom of many of the

holes. The alligators then trek miles

overland to find standing water, and

the deepest pools become crowded.

As the food supply dwindles under

these overcrowded conditions, the

alligators, like many other animals,

become cannibals. The larger eat the

smaller, and also slash away at each

other, sometimes chomping off a limb

or part of a tail. Since the driest

period often coincides with the mat-

ing season, it is hard to know how
much of the alligators' aggressive-

ness comes from hunger and over-

crowding, and how much is the result

of sexual competition.

Alligators are territorial. A single

bull will claim several square miles

as his domain. During the mating

season he visits the females who re-

side in the area, remaining with each

for several days and running a regu-

lar route between them. When an-

other male enters his realm and chal-

lenges his right to it, a fight may
ensue. Often the combatants lock

jaws. The stronger breaks the jaw

of the weaker who, if he survives the

battle, will be unable to seize food

and is almost certain to starve.

robably the most widespread

recent outbreak of mass cannibalism

among the Everglades alligators took

place in Everglades National Park

during the much-publicized 1965

drought. That spring, visitors ob-

served such sights as a nine-foot bull

swimming back and forth with a six-

foot bull gripped firmly in his jaws.

That drought was so severe that the

Park Service blasted artificial survi-

val holes in an effort to reach a van-

-ar- Tmr,IZTTZ-

I

^=^—-- ^xs:^mi^:-< - --^

-^''^^^"^^ief.



ishing water table. They airlifted

alligators to them from dry holes.

Since the 1800's the alligator has

heen hunted for its hide, and in many
areas of the Southeast where it once

reigned, it has been exterminated.

Because of the Everglades' inaccessi-

bility, it was one of the alligator's last

strongholds. As recently as the late

1950's, for example, observers flying

over unhunted portions of the Ever-

glades reported seeing hundreds of

huge, old alligators, probably twelve

feet and longer in length. Now it is

difficult to locate even one such large

specimen, in or out of the national

park. At night poachers speed across

the grasslands as fast as 100 mph in

flat-bottomed air boats. They flash

powerful searchlights to catch and

hold the alligator's gaze. Then the

alligators are shot. The hide on their

stomachs, destined perhaps to be-

come a pair of shoes or a handbag,

is worth $6 per foot, untanned. It is

likely that the price will soon go up.

Willows have gained a foothold around the edge

of a recently formed alligator hole.

Their leaves will become a major soil-building element.

In its pond in the middle of a willoiv head, an unusually

large bull alligator devours an unusually plump fish.
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'choice of telescopes
IBy James S. Pickering

THE eye alone, without optical aid, is

capable of seeing about 9.000 objects

in the night sky, all but a few of them

stars. This is the score under ideal con-

ditions, for the eye is a feeble and inade-

quate instrument. Any help to the eye

—even field glasses or the simplest tele-

scope—will reveal marvels hidden by

distance. There are few experiences as

satisfying as the seeking and finding of

the tiny image of an incredibly remote

galaxy, a cloud of glowing gas, or a dis-

tant cluster of thousands of stars. Unfor-

tunately, the telescope is like a musical

instrument. Its use must be learned, and

practice is a requirement for perfection.

In this series, we will attempt to lay a

foundation for this fascinating hobby.

There are three basic types of tele-

scopes available to the backyard ob-

server: the refractor, the reflector, and

the catadioptric, which combines the

features of the first two. Each type per-

forms in accordance with the optical sys-

tem it is based upon, but there may be

variations in detail within each system.

Light is a versatile phenomenon. It

is composed of energy waves of various

lengths, and each wave of a different

length produces a different color sensa-

tion on the optic nerves. Light is capable

of being bent when it is allowed to pass

from a transparent medium of one den-

sity into a medium of a different density;

this bending is known as refraction.

Longer waves of light are refracted, or

bent, to a lesser extent than shorter

waves. Light will also bounce from any

surface it strikes, and the smoother and

more highly polished the surface, the

greater the amount of light that bounces;

this is refiection. Light is reflected from

a surface at the same angle at which it

strikes the surface.

The Refracting Telescope

THE light from stars and other lumi-

nous objects in the sky radiates in

every direction, but even the nearest of

these objects is so far away that we are

able to consider this light as reaching us

in parallel rays, rather than rays that

diverge. A refracting telescope receives

the light through a large compound lens

called the objective, which is placed at

one end of a hollow tube. This lens must
be compound to insure that waves of

light of every length are bent to the

same extent, which does not happen
with a simple lens. The two lenses of

the objective are ground and polished

to a special set of curves so that the

entering light is refracted in such a way
that all the waves of various lengths come
together at one point behind the objective.

This point is the focus of the objective

and is inside the tube. At the other end

of the tube is a second combination of

lenses, the eyepiece, or ocular. The ocu-

lar magnifies the image formed at the

focal point of the objective. The eyepiece

can be moved backward or forward to

accommodate an observer's eye. He sees

the magnified image and is in business.

The objective does nothing more than

collect light and bring it to a focus. Ob-

viously, the larger the objective is, the

more light it can collect, and the fainter

the objects it can bring into view. All

the magnifying functions of a telescope

are in the eyepiece. Because lenses are

surfaces and not lines, the ratios of their

light-gathering abilities are as the

square of their diameters. A lens 4

inches in diameter will admit 4 times

more light than a lens 2 inches in diam-

eter, not twice as much. The average eye

pupil is about Vs inch in diameter. The
largest optical telescope, the Hale at

Mount Palomar, has a 200-inch-diameter

objective. Therefore, this telescope can

gather about 1,000,000 times as much
light as the average eye.

The distance behind the objective to

the point where the admitted light is

brought to a focus is the focal length

of the objective and is expressed by a

capital F. In small refractors, this focal

length is usually about 15 times the di-

ameter of the objective, a ratio that is

known as the f-number of the lens, or

the focal ratio. In most small refractors.
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strap included. Complete unit includes 11" x 14" x 16"
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" SNIPERSCOPE BATTERY

Rechargeable 6V power source
for sniperscope. Excellent for

many other 6V applications.

. BB^^ Approx. shipping wt.. 15 lbs.

L *
$9.95. Two for $18.00
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C&H SALES CO.
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the focal ratio would be expressed as

f/15. An objective lens marked 60 mm.
will probably have a focal length of

about 900 mm. A similar objective lens

marked 2^4 inches will have a focal

length of about 371/2 inches. (Dimen-

sions of telescopes are sometimes ex-

pressed in inches, but more often in

millimeters. There are about 25 milli-

meters to the inch.)

Eyepieces are, in a sense, tiny tele-

scopes of short focal length. The focal

length of an eyepiece is usually stamped

on its barrel and is designated by a

lower case f—as f24 mm. The magnifying

ability of an eyepiece is the ratio be-

tween the focal length of the objective

of the telescope and the focal length of

the eyepiece used, or F/f. The focal

lengths of eyepieces usually range from

about 36 mm., or 1% inches, down to 8

mm., or Vs inch. So, if the focal length of

the objective is 30 inches and that of the

eyepiece is 1 inch, that eyepiece will

produce a magnification of 30/1, or 30

times—expressed as 30 power, or 30X.

It is obvious that eyepieces of differ-

ent focal lengths will produce different

degrees of magnification with the same

objective. An eyepiece of Vs inch with a

refractor of 30-inch focal length will

have a power of 90. Hence, the best cri-

terion for comparing telescopes is the

diameter of their objectives, not the so-

called power of the telescope. We read,

unfortunately, advertisements for tele-

scopes of "200X," but that expression

is meaningless unless the diameter of

the objective is known. There is a limit

to the degree of magnification an objec-

tive-eyepiece combination will produce,

and it is well to remember a rule of

thumb covering this relation: The limit

of magnification possible is roughly 50

times the diameter of the objective in

inches. Thus, a 2-inch refractor will sup-

port a magnification of about 100 times.

If the focal length of this refractor is

about average (15 times the diameter of

the objective—or 30 inches
)

, the shortest-

focus eyepiece it will accept will be

about Vs inch, or 8 mm.
As magnification increases, the field of

view of a telescope—the amount of sky

shown and hence the amount of light ad-

mitted—shrinks. Many manufacturers of

telescopes advertise 1-inch telescopes

with 200 X, which are useless except per-

haps in observing the sun or moon.
j

A refracting telescope is usually

mounted on a tripod whose legs may be

adjusted to a convenient height for the
,

observer, usually so that the eyepiece is

at about eye level when the telescope is

horizontal. An essential device for a re-

fractor is a star diagonal, or zenith

prism. This is a tiny elbow with a mirror

inside it, which is inserted in the tele-

scope between the tube and the eyepiece.

It reflects the image at right angles so

that the observer will not have to be a

contortionist to use his telescope. Let's

face the fact, however, that some unusual

physical positions are necessary, even

with the best equipment, but a star diag-

onal reduces them to a minimum.

The Reflecting Telescope

A
reflecting telescope also receives light

{ through a tube, but its main com-

ponent—its objective—is a mirror placed

at the bottom of the tube. This mirror,

usually made of Pyrex with a surface

coated with some highly reflective sub-

stance, is ground and polished to a spe-

cial shape, a paraboloid. This parab-

oloid mirror brings light waves of all

lengths to a focus at one point, high up
near the upper end of the tube where

the light enters.

The problem now is to examine this

image. If it were attempted directly, the

observer's head would be in the way of

the entering light. A small mirror, op-

tically plane, is placed inside the tube

at its center, and is at an angle of 45

degrees with the plane of the objective

mirror. This secondary mirror intercepts

the cone of light reflected by the objec-

tive and diverts the last few inches of it

at right angles toward the tube's wall.

Here a hole is cut and the eyepiece placed

outside the tube, near the upper end.

The focal length of a reflector is

usually about 8 times the diameter of

the objective mirror. The relation be-

tween focal lengths of objectives and

eyepieces for reflectors is the same as

that for refractors and produces the

same power of magnification; and, of

course, light-gathering ability depends

on the diameter of the objective mirror.

It is dangerous to compare the two

types of telescopes, size for size, but in.
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general, and with a great deal of mental

hedging, a 3-inch refractor and a 6-inch

reflector are essentially the same in per-

formance. Each can conveniently be

handled in a backyard and set up for

an evening's observing. The magnifying

ability of the refractor is slightly greater

because of its greater focal length, while

the light-gathering power of the reflector

exceeds that of the refractor because of

the larger diameter of the objective.

A star diagonal is not needed with a

reflector because the position of the eye-

piece (near the upper end of the tube)

is convenient and will not require the

contortions needed to use a refractor

without a diagonal.

A reflector is also usually mounted on

a tripod, but this is much lower than the

tripod for a refractor.

Mountings

THERE are two general types of mount-

ings for small instruments. The sim-

pler of the two permits motion of the

telescope in only two directions, up and

down and sideways. This is the altazi-

muth mounting: from altitude, "verti-

cal," and azimuth, "horizontal." The ro-

tation of the earth, from west to east,

makes the stars appear to move from

east to west across the sky in smooth

arcs. An altazimuth mounting requires

that the telescope be moved in steps,

horizontally and then vertically, to keep

up with the motion of the star, so that it

is not possible to hold the star con-

tinually in the field of the telescope.

The altazimuth mounting is, however,

less expensive than the more elaborate

equatorial mounting, easier to set up,

and satisfactory for casual observing.

The equatorial mounting permits the

telescope to be moved in an arc and thus

allows the observer to follow the object

he is observing for as long as he wishes.

The telescope can be turned against the

motion of the earth manually or by an

electric motor or a clockwork drive.

An equatorial head requires a precise,

level setting of the telescope tripod. To
the top of the tripod is attached a base

that carries the polar axis. This base

must be level, and the polar axis is fixed

to it at an angle that is equal to the lati-

tude of the location of the telescope. The
polar axis should point to true north. If

it is properly set up. the Pole Star,

Polaris, should appear in line with the

upper end of the polar axis when the

observer sights along the axis.

To this upper end of the polar axis,

and able to rotate about it, is the dec-

lination axis. The telescope is attached

to one end of the declination axis so that

the telescope, too. may rotate about it,

and there is a counterweight at the other

end of the declination axis to balance

the weight of the telescope. With an
equatorial mounting, once an object is in

,

the field of view, it can be followed by

LINDBLAD TRAVEL Inc.

ONE EAST 53rd STREET

— " NEW YORK, N.Y. 10022

PLaza 1-2300

LINDBLAD TRAVEL TOURS are distinctly different. They are creatively planned for

the intelligent traveller who is more than superficially interested in peoples and cul-

tures. Try travelling with Lindblad Travel for the time of your life. We will take you

from the Antarctic in the south to Lapland in the north, through the steppes of Mon
golia and the wilds of Brazil. Here are examples of our tours in 1 966-67

ON THE INCA ROAD. A combination of glorious scenery and arciiaeology.

Trace the ancient civilization of the Incas and their conquerers, the Con-

qulstadores. The golden relics and the mummified remains of the w/arriors

illustrate an era dating back more than 1500 years. Monthly departures

from Mar. '67. Cost Complete from New York $1835.00

BETWEEN THE NIGER AND THE CONGO. An unforgettable expedition to

Africa to become acquainted with the rites, dances and art of ancient

tribes like the Kirdis, Fulanis, Hausas, Ashantis, Scnoufus and others.

Also visits to spectacular game parks. Monthly departure from Dec. 1966-
22 days. Cost Complete $2300

JOURNEY into ANTIQUITY: Accompanied by guides trained in archaeology,

you will have a personal insight into the mysteries of Egypt, the world's

finest ruins at Baalbek and Petra, the beauties of ancient Greece, and the

Holy City of Jerusalem. Monthly departures. Cost from $1397

EAST AFRICAN WING SAFARIS enable you to cover more African lands in

less time and at lower cost. These safaris 'wing' via Piper aircraft to the

tribal country of the Northern Frontier District, game reserves and some
of the most beautiful settings in the world. Restricted to 9 persons on
each departure. Cost Complete $2034

VALUE SAFARIS. On these safaris you stay in a lodge at the foot of Mt.

Kilimanjaro, motor across the Serengeti Plains, spend a night in the

branches of a tree, watching elephant, lion, zebra, giraffe, etc. in their

natural habitat. Also fascinating tribal life. The 22-day safari offers an
extension to Ethiopia and the 44-day safari includes Zambia, South Africa

and Nigeria in addition to East Africa. Monthly departures.
Cost from $1529

THE HOLY LAND. This tour to the Lands of the Bible has been very popu-

lar for the last five years, it takes you to Lebanon, Syria, Egypt, Jordan,

Israel and Greece. We use luxury hotels throughout and the total cost

from New York back to New York is only $1061. Frequent departures.

LINDBLAD TRAVEL, INC., l East 53rd Street, N. Y., N. Y. 10022

Please send me the following folders:

Inca Road D Wing Safari

Niger to Congo Q Value Safari

Antiquity Q Holy Land

(Mr. or Mrs. or Miss)

Address:

n
D
D

CityL. , States

AG V*"
Zip Code- NH-IO
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Nature Tours
-1967-

For six years we have been organizing group

trips to investigate the natural history of Europe,

Africa and the rest of the world. Chief purpose

so far has been to see birds, including as many
rare and difficult species as possible. However,

a full ecological picture is sought, with attention

to botany, geology and archaeology where appro-

priate. Here is the program for 1967.

- EUROPE -
NORTH WITH SPRING ON THE CONTINENT:

Start in southern France and move north wiUi

bird nesting and spring flowers in Switzerland,

Austria, Germany and Holland. Next tour m May
1967. Four weeks.

BRITAIN: Nature highlights of England, Wales
and Scotland at peak of bird nesting season. Next

tour in June 1967. Three weeks.

SCANDINAVIA: Thrilling circuit of the Far

North: Norway's mountains, fjords and islands;

North Cape and the midnight sun; Lapland and

Sweden. Two 1967 departures-JunelS and June
25. Four weeks. Also spring, 1967.

ICELAND: Arctic wildflowers, northern nesting

birds and seabird cliffs, against a weird back-

ground of volcanoes, geysers and waterfalls. Two
departures-June 4 and June 25. Optional excur-

sion to Greenland after each tour.

- AFRICA -
BIRDS OF AFRICA: Circuit of west, south and

east Africa. Emphasis on birds ( 670 species on
last tour) and spectacular mammals. Ex-Belgian

Congo, Cape of Good Hope, Kruger Park, Vic-

toria Falls; choice nature spots of the less

crowded, less promoted parts of the contment,

plus all the important animal reserves of Kenya,
Uganda and Tanzania. Four weeks plus optional

extra time in East Africa.

-SOUTH AMERICA

-

COLOMBIA, ECUADOR 8, PERU: Tropical coast,

high Andes, upper Amazon Valley, Machu Pic-

chu, and an ocean trip into the Humboldt Cur-
rent. Three weeks.

CHILE & ARGENTINA: The southern Andes,

Straits of Magellan, Tierra del Fuego as far as

Ushuaia, Patagonia, Bariloche and the Argentme
lake district. 3 weeks.

BRAZIL: Broad coverage of one of the great

bird countries of the world. Iguazu Falls, Mt.

Itatiaia, Organ Mtns., Rio, Mato Grosso and the

Amazon from Manaus to the sea. 3 weeks.

GUIANAS & VENEZUELA: Jungle trips in Suri-

nam & British Guiana, Angel Falls in Venezuela,

coastal mtns. of Columbia. 3 weeks.

- COMING -
EUROPE: "Birds of the Mediterranean": high-

lights of Southern European birdlife from Gibral-

tar to Istanbul. "Birds Behind the Curtain":

little-visited regions of Poland, Czechoslovakia,
Hungarj', Bulgaria, Rumania and Russia. Spring

1967.
SOUTH PACIFIC: Four consecutive 3-week tours

in fall of 1967: Birds of Melanesia; Western Aus-
tralia; East & South Australia; New Zealand.

ASIA- Four consecutive 3-week tours in spring

of 1968: India & Nepal; Southeast Asia; Philip-

pines, Hongkong & Formosa; Japan.

-NORTH AMERICA TOURS -
TEXAS-MEXICO: Bird highlights of Texas coast

and N.E. Mexico; 2 weeks. March 25, 1967.

ARIZONA: Richest part of U.S. for rare bird

species; 2 weeks. May 13, 1967.

FLORIDA: Two-week-Circuit of chief bird local-

ities of the state, from Tallahassee to Key West
and the Dry Tortugas. Jan. 21, 1967.

SIERRAS & COAST RANGES: North with spring

from condor country of Calif, to Vancouver; 3

weeks. June, 1967. Similar Rockies tour in 1968.

ALASKA: Grand tour of nature spectaculars

of the state, including Arctic coast, the Aleutians

and the Pribilofs. July 1967; 2-wk. and 4-wk.
versions.
NEWFOUNDLAND-LABRADOR: Bird islands of

the northeast; Newfoundland and Labrador coast.

June 1968.
YUCATAN: Mexican Yucatan, British Honduras,

Peten Jungle of Guatemala. 2 wks.; March 1967.

MEXICO: Six regional two-week tours cover-

ing six different ecological areas.

Come along! . . . Intimate, private groups, expert

leadership. We seei( out bacl(-country routes, try

tor an experience-in-deptii of tiie natural scene and

ttie people. (Not recommended if you're strong for

night life.)

Crowder Nature Tours
Box 1760-a Washington, D.C. 20013

one continuous motion of the telescope.

It is obvious that an equatorial mount-

ing is more elaborate and thus more ex-

pensive than an altazimuth mounting,

but it is essential for any extended ob-

servation period of a single object and

also for photography.

The Catadioptric Telescope

THE third general type of telescope

combines the principles of the re-

fractor and the reflector. The catadiop-

tric telescope uses a concave mirror

shaped like a section of a sphere. Such

mirrors are easier and less expensive to

make than the paraboloid mirror, but

light waves of different lengths are not

brought to a focus at one point when re-

flected from a spherical surface. To elim-

inate this difficulty, a correcting plate

is placed at the upper end of the tele-

scope tube, thus making it a closed sys-

tem. The plate slightly alters the angles

at which the light waves of different

lengths enter the telescope and insures

their reaching a focus at the same point.

The cone of reflection from the ob-

jective mirror is intercepted by a con-

vex secondary mirror, often fastened to

the bottom of the center of the correcting

plate. This secondary mirror reflects the

light back through a small hole in the

center of the objective, and the image

is examined through an eyepiece placed

here. Since the eyepiece is placed at the

lower end of the tube, as in the case of

refractors, a star diagonal, necessary to

avoid discomfort while observing, is

built into the optical system.

The optical system of a catadioptric

telescope allows the light reflected from

the primary mirror to travel a greater

distance than is indicated by the length

of the tube, since the light is, in a sense,

folded over. This system permits a long

focus in a small, compact instrument

and gives a high degree of magnification

in spite of the shortness of the telescope

tube. Catadioptric instruments are com-

pact, convenient, and expensive.

The mounting of a catadioptric instru-

ment is usually built in one permanent

assembly with the tube, and the entire

instrument is set on a sturdy table for

use. The compact construction permits

comfortable observing even though the

eyepiece and star diagonal are at the

lower end of the tube.

There are, of course, advantages and
disadvantages for each type of telescope.

The observer must decide for himself.

Here are a few comparative factors on

both sides of the ledger.

Refractor

ADVANTAGES DISADVANTAGES
Upkeep zero. With a Awkward. High
closed tube, good mounting, long tri-

lenses will last for- pod.
ever. Cost higher per di-

Stays In adjustment. ameter of objective.

Can be used as a ter- Some color error. In-

restrial telescope. creases with size.

Minimal temperature Long tube. Also in-

effects because of creases with size of
closed tube. objective.

No central obstruc-

tion.

Reflector

No color error. Temperature effect;

Lower cost per di- °pen tube,

ameter. Adjustment and
Convenient, low maintenance contin-

mounting. "^1.

Catadioptric

Compact, convenient. Higher cost per di-

Closed system. Stays ameter.

in adjustment. Requires extra table.

The cost of the refractor, leaving out

all but the essential accessories, is con-

siderably more than that of the reflector.

A compound lens, made of the finest

optical glass so that light may pass

through it with the least interference,

and requiring special professional skills

to grind and polish at least four sur-

faces, costs much more than one piece of

Pyrex, ground and polished to a para-

boloid surface and suitably coated.

It is difficult to quote specific prices

for the different types of each variety of

telescope. A simple, 3-inch reflector—

about the smallest objective that will

give full satisfaction—equipped with the

necessary complement of eyepieces, can

be bought for under $100. A 6-inch re-

flector with the essential equipment costs

from $200 up. The "up" can reach as

high as you wish to go and can include

a variety of luxuries.

A 2-inch refractor with an altazimuth

mounting and the necessary accessories

should cost about $75. A 3-inch refractor

with an equatorial mounting and essen-

tial equipment will cost from $450 up.

In the next article of this series, we

will discuss in detail the eyepieces best-

suited for each type of telescope, and

present more basic constants and some

suggestions that will increase the pleas-

ure of using small telescopes.

In his many years as Assistant Astrono-

mer at the American Museum-Hayden

Planetarium., James S. Pickering has

taught countless amateurs how to get

the most out of telescopic viewing of

the night sky. He is the author of "1001

Questions Answered About Astronomy"

and "Asterisks."
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Take any 3 books
for only 994

(VALUES
to

$32.45)

1. THE SEX LIFE
OFTHE ANIMALS.
Herbert Wendt. Re-
production in the ani-
mal world — from the
amoeba to the ele-
phant. 100 illus. List
$7.95. Member $5.95.

2. WATCHERS OF
THE SKIES. Willy
Ley. Stirring history of
astronomy by the pop-
ular science writer.
List $8.50. Member
$6.75.

3. THE GREAT
AMERICAN FOR-
EST. Rutherlord Piatt.

Eloquent story of our
forests—their glory
and decline. Illus. List

$6.95. Member $5.50.

4. THE MACHIN-
ERY OF lAFE.Deait
E. Wooldridge. How
did life develop? Here
is one scientist's star-

tling answer. List
$7.95. Member $5.95.

5. INSECTS. Ross E.
Hutchins. Superb ac-
count of the puzzling,
beautiful world of in-

sects. List $6.95. Mem-
ber $5.75.

6. AUDUBON'S
WILDLIFE. Edited
by Edwin Way Teale.
Collection of Audu-
bon's birds and mam-
mals, reproduced in
full folio size, many in

color. List $15.00.
Member $8.95.

7. ESP: A SCIEN-
TIFIC EVALUA-
TION. C. E. M. Han-
sel. Strong attack on
the laboratory "evi-
dence" for extra-sen-
iSory perception. List
$6.95. Member $5.75.

8. THE GREAT SA-
HARA. James Wei-
lard. Panoramic view
of the Sahara against
the backdrop of his-

tory. List $6.95. Mem-
ber $5.50.

9. UNDERSTAND-
ING ANIMALS.
Gerhard Gronefeld.
Fascinating insights in-

to the "human" behav-
ior of animals. List
$7.95. Member $5.95.

10. NAKED-EYE
ASTRONOMY. Pa-
trick Moore. Unique
guide to star-gazing
without optical equip-
ment. Illus. List $6.50.
Member $5.25.

11. THE DYNASTY
OF ABU. Ivan T.
Sanderson. Amazing
history of elephants
from prehistoric mas-
todons to today's circus
performers. List $5.95.
Member $4.95.

12. AND THEN
CAME MAN. Hart-
nuit Bastion. The pre-
history of the Earth,
from its origins to the
dawn of mankind. List
$6.95. Member $5.50.

13. THE YEAR OF
THE GORILLA.
George B.Schaller. En-
thralling account of an
expedition into Africa's
gorilla country. Re-
markable photographs.
List $5.95. Member
$4.95.

14. TESTAMENTS
OF TIME. Leo C.
Deuel. How ancient
texts and records of
vanished civilizations
are being retrieved and
restored. List $8.95.
Member $6.75.

15. ANIMAL LAN-
GUAGE. Julian Hux-
ley & Ludwig Koch.
Lucid text, extraor-
dinary photographs by
Ylla—and an actual re-
cording—all on how an-
imals communicate.
List $6.95. Member
$5.25.

16. MAN, TIME &
FOSSILS. Ruth
Moore. Up-to-date ac-
count of evolution:
how scientists have
searched for man's ori-

gins. Illus. List $6.95.
Member $5.50.

17. PICTORIAL
GUIDE TO THE
PLANETS. Joseph H.
Jackson. Oversized vol-

ume on today's solar
system. Illus. List
$7.95. Member $5.95.

18. ANIMALS AND
MEN.Hermann Dem-
beck. Animals as
man's prey, servants,

and companions over
the centuries. List
$7.50. Member $5.95.

19. THE AGE OF
REPTILES. Edwin
H. Colbert. Absorbing
story of giant reptiles

who roamed the earth
for 200 million years-
then became extinct.

List $8.50. Member
$6.95.

. . .when you choose your first Selection in

The Natural Science Book Club
Members enjoy these privileges:
• A choice of the most outstandingly beautiful and authorita-

tive books on the natural sciences, including such subjects as

animal life, nature, astronomy, exploration, space flight,

archeology, and many others

• Substantial savings as high as 40% on all books (the most
economical way to build a natural science library)

• A FREE Bonus Book of your choice with every fourth Se-

lection purchased

• No pressure to buy. Members pay no fees or dues. And
you need accept only as few as three more Selections during
the next twelve months.

Why not enroll today? Simply use the Membership Applica-
tion to indicate the 3 books you want for a total price of only
99'/—along with your first Selection at the low Member's
Price. Mail the Application to us—and you'll begin to enjoy
the advantages of membership in this unique, exciting book
program for everyone who delights in the natural world.
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Membership Application

The Natural Science Book Club
59 Fourth Avenue, New York, N. Y. 10003

Please enroll me as a member and send me the 3

books noted below for only 99(', plus my first Selec-

tion as marked, at the reduced Member's Price. As
a member, I agree to buy as few as 3 more Selec-

tions during the next 12 months, and I will receive

a FREE Bonus Book of my choice after every

fourth Selection.

Three books for 99?? (write in numbers):

First Selection (write in number):

Name

Address.

City _State_ _Zip Code_
Please be sure to indicate correct Zip Code.
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Continued from page 25

plores the forest from the humus on the

soil to the green leaves and buds on the

highest twigs, from the Pacific to the

Atlantic, and from the cypress forests of

the South to the North Woods. Piatt's

book is marred, however, by many misin-

terpretations—especially when he delves

into tree physiology and anatomy—and

contains a number of sensationalisms.

The most thorough and usable of

the two geographic treatments is Hal

Roth's Pathway in the Sky: The Story of

the John Muir Trail (Howell-North).

This 212-mile-long trail threads through

the spectacular high country of the Si-

erra Nevada of central California. The

book describes the history of exploration

of the High Sierra, the period of the

sheepmen, and a brief account of John

Muir's life in the mountains. The main

portion of the text consists of a series of

essays on points of interest, ecological

problems, or major species to be seen

along different sections of the trail. I

found the essays on the lodgepole needle

miner—a small insect that kills whole

forests of lodgepole pine—and on deer

population problems to be especially in-

teresting. The book is illustrated by

many fine photographs taken by the au-

thor during his six trips over the Muir

Trail. For those who will follow, it would

have been of great interest to include a

short statement on the cameras and films

Mr. Roth used and on any special tech-

niques useful to mountain photography.

Franklin Russell's The Secret Islands

(Norton) is a chatty, often philosophical

recounting of a tour of a number of

small, little-known, and infrequently

visited islands along the coasts of New
Brunswick and Newfoundland. This book

will have considerable appeal to anyone

interested in the habits of waterfowl, for

most of the text is devoted to observa-

tions of the local birds. The book also

will provide good reading for anyone

interested in a really novel vacation trip,

far from the crowds.

Four titles are basic science presenta-

tions. By far the most novel botany book I

have seen is Adventures in Living Plants,

by Edwin Kurtz and Chris Allen (Uni-

versity of Arizona Press). By using im-

aginary pills, the authors "shrink" the

reader to a size that permits easy travel

through the tissues of a plant and des-

cribe the "thrilling" sites seen along the

way. It is a "cute" approach, but the car-

toons and humorous diagrams may lead

the novice to great misconceptions, and

while the text is wordy and childish,

many of the concepts discussed are ad-

vanced. Each chapter includes directions

for several demonstrations that will in-

crease the reader's comprehension and

perhaps dispel some of the misconcep-

tions relayed by the text.
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An Invitafion to Natural Beauty

Forever
Wild: THE
ADIRONDACKS

by Eliot Porter

The unspoiled beauty
and the subtle moods of

the Adirondacks are cap-

tured in the superb pho-

tographs of EUot Porter,

whose In Wilderness Is

the Preservation of the

World has become the

standard of photographic

excellence, and the writ-

ings of William Chap-
man White. Forever
Wild is as spectacularly

handsome as the land it

celebrates. 144 four-color

pages. IIV2" X 13".

At all bookstores, $20.00

lHTVif)e'i*"R<.ow

New York, N.Y. 10016
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The Living Community, by S. Carl]

Hirsch (Viking), is an amateurish book-

on ecology that employs the "community
approach." The text contains many vague

statements and several incomplete case

studies. A large portion of the book is a

review of Darwin's life, the development

of his theories of evolution, and descrip-

tions of the popular and scientific reac-

tions to his theories. Although the author

has inserted a brief caution about tele-

ological explanations, many of his own
statements are teleologic. In short, there

are several better-written books on ecol-

ogy available.

A very limited segment of ecology is

considered in Partners in Nature, by

Ruth H. Dudley (Funk & Wagnalls) . She

discusses various symbiotic relations

among animals, among plants, and be-

tween animals and plants. Although the

subject is interesting, the text is suffused

with anthropomorphisms, which detracti

from its educational value. I

A careful reviewer can find minoi 1

errors in most books and almost always

finds unscientific interpretations of ani-

mal and plant behavior in books writter

by laymen. There seems little excuse

however, for a book by a professional

biologist to head the list of error-fillec

natural history books. Yet that is the

rank I would assign to The Amazing

Seeds, by Dr. Ross E. Hutchins (Dodd

Mead ) . These errors begin on the firsi

page of the text (mosses and liverworts :

are said to have probably been the firsi

green plants) and are conspicuous

throughout. The book is illustrated b^

many superb photographs by Dr. Hutch

ins that attest to his skill with a camera

if not with a pen.

The remaining three books are on con

servation topics. The most attractive t(

me is Guarding the Treasured Lands

The Story of the National Park Service

by Ann and Myron Sutton (Lippincott)

The Suttons, who met when both wen
employed as naturalists in Grand Canyoi

National Park, are well acquainted will

the Park Service and the properties i

oversees. The book presents a brief, bu

interesting and informative, history

the Service and accounts of the activitie,

of naturalists, historians, archeologists

and rangers. It will provide an excellen

reference book for school libraries anilj

should be read for pleasure, too. h
Careers in Natural Resource Conseih

vation, by Fred W. Herbert (Walck), i

a book for anyone with a yen to pursue i

career in this important field. It describe

succinctly the work of soil scientists, soJ

conservationists, agronomists, range coi

servationists, conservation foresters, coi

servation biologists, conservation engw

neers, and technicians. Qualifications foil

such work are outlined, and governmerj

salary scales are listed. Several imporl^

tant career fields are not mentioned—fc-

example, urban forestry, water resourc
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conservation, airshed pollution control.

However, the book should be of extreme

value to a high school senior or college

undergraduate who believes he wants a

future in conservation.

The final book in this year's package,

Naomi Talley's To Save the Soil (Dial),

is a rehash of often-published informa-

tion. The first half of the text, on early

soil erosion problems and pioneer con-

servationists, apparently was taken from

a Department of Agriculture publication

written by Angus McDonald. The later

part of the text skims over soil conserva-

tion practices and erosion problems in

different portions of the country, but

never seems to deal effectively with the

subjects. This book does not seem a very

strong competitor in an area already

well covered.

Jack McCormick

Earth Sciences

THE subjects of popular scientific

books follow closely the current

'status" fields of science. Nowhere is

this more evident than in the distribution

of the sixteen books offered for review.

Eight of these are in the general field of

water and atmospheric science and re-

flect the growth of interest in all phases

of water as they relate to man. With
greater or lesser success such topics as

irrigation, water control, pollution, and

distribution are thoroughly dissected

from all possible views. Of the remaining

eight books, two discuss the Antarctic

research program, three are concerned

with earth history and evolution, and the

remaining three are strictly adventure

stories and cannot be construed as having

scientific merit.

As could be expected, the "Life Sci-

ence Library" has published a slick,

ibeautifully illustrated, and comprehen-

sive volume entitled Waaler (Time-Life

iBooks), and has, as usual, selected a

recognized authority, Luna B. Leopold,

Chief Hydrologist of the U. S. Geological

Survey, as the senior author (with Ken-
neth S. Davis and the Editors of Life).

A fine essay on the chemical and phys-

ical peculiarities and properties of water

ds presented in a series of photographs

and excellently rendered color illustra-

tions. An all-too-brief account of watei

distribution in relation to the earth as a

whole follows. The chapter on ground
water is about the best in the book.

For its purpose, the "Life Science

Library" does well, but my feeling has

always been that more textual material

should be used—figure captions are one

thing, but a clear, logical, and full dis-

Jussion can rarely be bettered.

Water Fit to Use, by Carl W. Carlson

and Bernice W. Carlson (John Day), is

i thorough treatment of the misuse of

ivater and what can be, and is being,

at
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- only $2.95
plastic-bound

All in beautiful color

By Chandler Rohbins, Dr. Berte] Bruun
and Dr. Herbert S. Zim

Illustrated by Arthur B. Singer

Acclaimed in major reviews. Audubon
Magazine says, "This long-awaited field

guide is a welcome and impressive ac-

complishment. It. ..covers all of the birds

of North America north of Mexico. By
comparison, the famous Peterson field

guides are in two volumes, and the Pough
guides in three. The concise text is re-

markably apt, and is accompanied by
small but highly informative range maps.
. . .The illustrations, of course, make this

sort of book. Arthur Singer is one of our

most accomplished bird illustrators....

He has been remarkably successful."

Both Eastern and Western birds

—land and water— are included

in this 340-page guide with

2,000 illustrations
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done about it. The principal objective is

to make us aware—almost too aware—of
pollution: its causes, effects, and possible

solutions. There are the usual slips one

expects in a generalized book for young

people. For example, the authors claim

that gases, minerals, and bacteria are

dissolved in water! In general, the writ-

ing is a trifle simplified and stilted for

the 10- to 14-year-old age group for

which the publisher has recommended
it. The photographs and illustrative ma-

terial are excellent.

A rather comprehensive book on the

origin, distribution, nature, and study of

fresh waters is Secrets of Inland Waters,

by Boris Arnov, Jr. (Little, Brown). It

outlines for the uninitiated the general

area and research of the limnologist. It

is written in a clear, straightforward

style, and the author never talks down to

his readers. While the facts generally

seem solid enough, there are a few slips.

One has the feeling that the book was
written as a textbook, clinically devoid

of personal contamination; the result

comes out dull.

Water Since the World Began, by Sig-

mund A. Lavine and Mart Casey (Dodd,

Mead), covers about the same material

as the other books of this set reviewed.

The book's general approach is the

historical development of a particular

subject (for example, a fine review of the

scientific study of water, going back to

the Greeks) and, thus, will certainly

pique the interest of most students. How-
ever, I cannot give the book a high rating

on factual content. Some statements are

simply untrue, others are misleading.

For example, the authors say that, "no
living thing . . . can live more than a few
minutes without oxygen." But there are

exceptions—for instance, the anaerobic

bacteria. There is the implication that

fossils are the result of animals that died

when lakes, formed from glacial melt

water, dried up—this is certainly an ir-

responsible, misleading idea.

Donald E. Carr's Death of the Sweet
Waters (Norton) uses a shock technique,

attempting perhaps to shake people out

of their lethargy and into action over the

critical problems of water. The book is

a thorough look into all stages of these

problems, from shortages to pollution.

His development of the subject is sound,

beginning with ancient peoples' use and

misuse of water. He obviously is so

wrought up over our ineptitude in solving

problems that he loses some objectivity

and indulges in a few too many diatribes

on political chicanery. I must stress a

point that causes me to place this book

on the not recommended list for young
people. He is quite incontinent in his

language, both in his too-frank jibes at

his foes and in raw wording. As an

example, he states that New England
"would rather decay in its own puke than

spend money."

Of all the adventure books reviewed

this year, my favorite is Rivers I Hare
Known, by Willard Price (John Day).
Mr. Price has given us his rich travel ad-

ventures on twelve rivers, including tales

of the Grand Canal in China and canoe-

ing on the Congo. Yet his ability in sus-

pense writing makes a trip on the

Hudson just as adventuresome. For those

who want to escape, this is the book.

Captive Rivers, by Doris Faber (Put-

nam ) . is greatly biased in favor of dam
building and tends to lack objectivity.

Mrs. Faber says that the Big Muddy "had
destroyed rich bottom land and kept ag-

riculture from prospering as it should,"

and what the Missouri River needed was
a plan to construct a series of dams.
What is not mentioned is that overgraz-

ing of cattle and lack of contour plowing
were the primary factors in soil being
stripped off farms, and that the mud dur-

ing floods actually helped enrich the soil,

as the Nile deposits do.

The chapter entitled "The Energy
Race" is an interesting essay on how
Russia is ahead of the United States in

dam building (which of course is true),

but why this should be used as a reason
for us to build more dams is mystifying.

I cannot recommend the book very
highly because there is no balancing dis-

cussion of why dams should 7iot be built.

On the positive side, the book is full of

statistics and does manage to impress the

reader with the many benefits to man of

dams. On the whole this is definitely a

book for the younger reader.

In sharp contrast to the Faber book is

Elizabeth S. Helfman's Rivers and Wa-
tersheds in America's Future (McKay).
Here is a fine review of the past lore,

present misuse, and future outlook of

rivers. Emphasis is on the control of

rivers, primarily by dams, and the effects

—both good and bad—of such control.

The U. S. Army Corps of Engineers is

roundly and deservedly criticized for its

Prussian attitude toward building dams
—the public be damned. The author em-
ploys the case history method of writing,

using the Mississippi. Tennessee, and
Colorado rivers as examples of good and
bad management of water use. The in-

famous Kinzua Dam incident, involving

the destruction of the Seneca Indian

Reservation along the Allegheny River in

New York (another masterpiece of in-

difference—courtesy, the Corps of Engi-

neers) is thoroughly aired.

Thoughtful questions are posed re-

garding water control and management.
This is an interesting book on a subject

that doesn't ordinarily lend itself to ex-

citing reading.

Weather Made Clear, by David C.

Holmes. U.S.N. (Sterling), is a fine sur-

vey, with excellent documentation, of the

fields of meteorology and climatology.

The outstanding feature of the book is

that the author discusses the physics and
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chemistry of the air in relation to the

spinning earth and gives a fine account

of the origin of the atmosphere and life.

The boolv ends witli the effects of weather

on the great battles of history and the

effects of man on the weather. The illus-

trations are carefully selected and the

writing is smooth and suspenseful. High-

ly recommended.

Two books deal with that enigmatic

frozen wasteland the Antarctic, accu-

rately and excitingly describing the life

of U. S. scientists in that icy desert. It

is most curious that both books parallel

each other so closely in format, illustra-

tions, and material covered. Many of the

fine photographs are the same, and one

almost has the feeling that they were

written and edited by the same people.

In my opinion the briefer and better of

the two is Allyn Baum's Antarctica: The
Worst Place in the World (Macmillan)

.

There is much suspenseful writing, along

with a nice balance of factual material

covering the daily life, goals, accom-

plishments, and history of the Antarctic

research programs. It is one of the most

convincing and clearest pictures of what
life is like there that I have yet read, and
the illustrations blend well with the text.

This is Antarctica, by Joseph M. Dukert

(Coward-McCann), is essentially a du-

plicate of Baum's work in illustrations

and material. It also is a well-rounded

factual account covering life, history,

and the future of exploration in this area.

Mountain Conquest, by Eric Shipton

(American Heritage), is a knowledge-
able book by a famous Himalayan
climber who gives an excellent history of

mountain climbing, starting with Michel
Paccard's assault on Mont Blanc and
concluding with the history of the Mount
Everest and K2 triumphs. The book is

lavishly illustrated and sprinkled with

magnificent color photographs. For those

who yearn for strict adventure on the

mountain, this will do well. To the more
discerning youngster, the question of

what possessed that long line of men to

climb for the sake of conquering is still

unanswered. The pity is that so little

valid science work was ever achieved by
these men.

The Lewis and Clark Trail, by Calvin
Tomkins (Harper & Row) , is a perfectly

written little volume for the young
reader. Superior and appropriate illus-

trations are carefully placed so that the

reader can easily match a photograph
with the text. Frequent quotes from
the original Lewis and Clark journals

enhance the skillful writing of Mr. Tom-
kins. The appendix consists of twenty-

one maps of the expedition's route west,

along with a guide to today's recreation

areas and historical sites for the traveler.

These are well executed. The book is a

perfect guide for a family interested in

re-creating the famous expedition, as

well as for the armchair explorer.

^PRAEGER

Announcing the fascinating new

TRAVELLERSIND EXPLORERS
Series

THE Travellers and Explorers Series (Robin Hallett, General Editor) brings to con-
temporary readers records of the great bold journeys that shaped empires and
wrote modern history. These exciting firsthand accounts of adventure and descrip-

tion have, in most cases, long been unavailable to the public. Handsomely produced,
reasonably priced, they will become cherished books in your personal library— and
those of your discriminating friends.

The first four volumes

THE NIGER JOURNAL
of Richard and John Lander
Edited by Robin Hallett. The journal of
two intrepid English brothers who, in

1830, traced the Niger of West Africa to
Its delta. "This is true literature. Both
men had a natural style, vivid pens, and
that most precious of gifts in an ex-

plorer—a keen and accurate sense of
observation." — The Times Literary Sup-
plement. 328 pp. Maps, illus., bibliog.,

index, glossary, gazetteer. $8.00

A MISSION TO GELELE,
KING OF DAHOME
By SIR RICHARD BURTON
Edited and with an Introduction and
Notes by C. W. Newbury. As British Con-
sul in West Africa from 1861 to 1864,
Richard Burton went to Dahome in an
unsuccessful effort to negotiate a treaty
to end the slave trade. "Burton was one
of the finest reporters who ever lived.

His eye for detail . . . and his total dis-

dain for any sort of dissimulation give
his narrative tremendous punch and in-

tegrity."— The Times Literary Supple-
ment. 378 pp. Maps, illus., glossary,
index. $10.00

r

FIRST FOOTSTEPS
IN EAST AFRICA
By SIR RICHARD BURTON
Edited by Gordon Waterfield. Richard
Burton left Aden, in 1854, determined
to be the first European to enter the
forbidden Muslim city of Harrar in East
Africa. His vivid account of his journey
includes descriptions of the Somalis and
of the Berber attack during which Burton
was severely wounded. 320 pp., illus.,

appendixes, index. $10.00

TURKISTAN
By EUGENE SCHUYLER

Edited and with an Introduction by
Geoffrey Wheeler. As Library Journal
points out, this is "a classic account
of Turkistan." Eight years after the Rus-
sian capture of Tashkent, Schuyler, the
American Consul in St. Petersburg, set

out to tour Russia's newly acquired Mus-
lim dominions. His book remains essen-
tial for anyone wishing to understand
the Muslims of Central Asia and their re-

action to the Russian presence. 324 pp.,

illus., appendix, bibliog., index. $10.00

At your bookstore or use the coupon

FREDERICK A. PRAEGER, Publishersm Fourth Avenue, New York, N. Y. 10003
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Sixth Annual

"Gardens Round the World Tour"

Mr. and Mrs. Frederic Legler

Tour Directors

Under the direction of Mrs. Frederic

Legler, Garden Club of America

Judge, visiting Lisbon, Marrakesh,

Kenya, Mauritius, Australia, New
Zealand, Tahiti, Mexico. Limited

group. A deluxe tour Ala carte

meals. Basic all inclusive tour cost

$4400. First Class air $782. extra.

Single room supplement $500.

Send for free brochure. Mrs. Fred-

eric Legler, Suite 801, 1 East 53rd

St., N.Y. 10022.

Please send me free folder

Round the World"-1967.

NAME
(MR.)(MRS.) (MISS)
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-STATE-
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Skiers! Come to

home of "THE

the picturesque

SOUND OF MUSIC

the
Trapp

^ family lo6Qe
In the ski center of the East. Your hostess, the real-
life Maria! Charming old-world atmosphere. Viennese
and American cuisine. Tyrolean Bar. Unique! Special
rates during 10 Learn-To-Ski Weeks. Write: Brochure
or phone.

Teh 802 253 7545 StowB 1 9, Vermoiit
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Three books deal with biological as-

pects of earth history. In the years fol-

lowing 1959, the publication centennial

of On the Origin of Species, we have seen

a great wealth of books on Charles Dar-

win. It is refreshing, therefore, to find an

excellent biography, Alfred Wallace:

Explorer-Naturalist, by Joseph Cottier

(Little, Brown), of the man who nearly

scooped Charles Darwin on the modem
theory of evolution. The book creates a

great deal of suspense and interest by

fictionalizing the conversations and reac-

tions of Wallace, his friends, and his

family. At the same time it gives a thor-

ough picture of Wallace in his early

years (the book ends with Wallace in his

30's, when he returned from Asia—he
was to live some 50 years longer) and

reconstructs the development of his ideas

of species evolution. Although the book

is most welcome and highly recom-

mended, it would have been of great aid

to have included a list of books for fur-

ther reading, particularly on Wallace in

his later years.

Trilobite, Dinosaur and Man, by Clif-

ford D. Simak (St. Martin's), is a com-
pressed book on historical geology. As
with most books on the subject it begins

with the origin of the solar system and
earth. It then launches into how the at-

mosphere, oceans, and life began and
proceeds to march through the fossil and
rock record from the Precambrian to

Recent, concluding with an interesting

chapter on "Man: The Triumph of In-

telligence." It is a factually accurate

account, but with the exception of a few
anecdotes about collecting or discovery,

it is a rather plain, almost sterile job.

The illustrations are generally good, but
I would have preferred more pictures of

fossils. It is difficult in so small a volume
as this to give a balanced coverage of

material—this is particularly evident in

his treatment of the post-Paleozoic life.

The author devotes his coverage almost
completely to vertebrate diversification,

and the great adaptive radiation phenom-
enon of the ammonites is not even men-
tioned. This book will not hold young
readers at the edge of their chairs, but it

does cover the subject well.

Carroll Lane Kenton's Tales Told by
Fossils (Doubleday) is another of the

polished, beautifully illustrated, and
rather accurate books in the long series

of popular writings by the Fentons. After

the usual introduction, discussing what
fossils are, their distribution and sig-

nificance as time indicators and use in

reconstructing ancient ecology, the au-

thor proceeds to concentrate on a se-

lected group of fossils to show us how
fossils and their characters can be used.

Most of the book deals with vertebrate

fossils and shows not only how their own
features can indicate diet, habitat, and
predators but also how the associated

fossils and the rock that encloses them

can greatly aid in giving a vivid picture

of the extinct landscape and its inhabi-

tants. A fine survey of the evolution of

man completes the discussion, followed

by a final chapter on museums in the

United States that exhibit fossils and a

suggested reading list. There are a few
inaccuracies, but generally a recom-

mended book.

Roger L. Batten

Invertebrate Biology

SINCE the living world is full of won-
drous things, there is always room

for more good books that tell about

them. Many of the volumes reviewed

here will be an asset to any young nat-

uralist's or biologist's library.

Triumphs of Biology (Doubleday) is

ably written by Philip Goldstein, who
presents difficult concepts with consider-

able clarity, but it is not for young read-

ers, and even the high school student

will find tough going in places. The vol-

ume is really a short history of genetics,

dealing with the work of Mendel, the

genetics of color blindness and sickle-

cell anemia, and the modern work in

bacterial genetics, viral genetics, and
the chemical nature of the gene.

A book designed "to supplement class-

room and laboratory study in biology"

is Basic Biology— Volume I, The Animal
Kingdom, by Jean Vallin (Sterling). It

presents the external and internal anat-

omy, mode of life, and mode of reproduc-

tion of representatives of ten of the

major animal phyla. That the animals

described are only representatives is not

made clear, so what is said about a par-

ticular animal may lead readers to infer

that this is so for the rest, or for a great

part, of the phylum, class, or order.

Aside from this propensity to generalize,

the book is marred by uninspired writing

(or, perhaps, a poor translation from the

French), factual errors, and poor copy
editing. The one saving grace is that the

book is lavishly illustrated with good
color photographs and quite adequate
diagrams of the external and internal

anatomy of the animals represented.

Richard Harbeck's little volume on
Exploring Science in Your Home Labor-
atory (Four Winds) is an excellent

guide to planning and equipping a home
laboratory. The purpose of the book is

to help satisfy one's curiosity "in a way
that scientists have been doing for

centuries: by experiment." The author

provides ingenious suggestions (accom-

panied by appropriate illustrations) for

making serviceable laboratory equip-

ment—from alcohol lamps to wash bot-

tles—out of castoff materials found in the

home or from materials purchased at

little expense. The volume is well in-

dexed, and there is useful information on

common chemical compounds, the chem-

I



These exciting new DODD, MEAD books

belong on every nature bookshelf

Pulitzer Prize Winner

EDWIN WAY TEALE

The American Seasons
NORTH WITH THE SPRING • JOURNEY INTO SUMMER

AUTUMN ACROSS AMERICA • WANDERING THROUGH WINTER

The four volumes of Edwin Way Teale's distinguished chronicle of his hundred-

thousand-miie survey of America's natural world are here presented in an attractive

slip-case with an additional bonus of the biographical booklet, OF NATURE, TIME
AND TEALE by Edward H. Dodd, Jr.

Four volumes, boxed • $25.00 the set

OF MEN
AND RIVERS
Adventures and Discoveries

Along American Waterways

by VIRGINIA S. EIFERT

From the intrepid French who first sailed

up the St. Lawrence and the Great Lakes

beyond, to Hudson and his strange disap-

pearance, Lincoln's early days on the

Mississippi, the gold rush on the Sacra-

mento, on to Mackenzie in the North-

west . . . the reader is carried clockwise

around the American continent in an en-

grossing and exciting book of our heroic

past. With maps and 76 pages oi photo-

graphs by the author. $6.95

INHERIT

THE EARTH
Man on an Aging Planet

by N. J. BERRILL

This book is a tribute to the present, the

past, and the future potential of the

human being. The author, a noted sci-

entist, writes of man's scientific discovery

of his world and his place in it, and of the

vast possibilities for good or evil now
available to him. $5.00

ALL GOD'S
CREATURES
by SISTER SERAPHIM
With an introduction by

Joseph Wood Krutch

A Mexican burro, a young goat, a rabbit,

a dog and a quorum of cats are among
the casual animal visitors welcomed by
Sister Seraphim at her Arizona convent.

Her memoir—both amusing and touching

—portrays a person whose life is an ex-

ample of kindness and compassion to all

God's creatures. Illustrated with line

drawings. $4.50

New nature books for young people

WARRIOR WHALE
by JOSEPH J. COOK and WILLIAM L.

WISNER. A fascinating book about the

giant sperm whale, its history and con-

tribution to man in the past and present.

Photographs, old prints and diagrams.

Ages 8-12. $3.25

WONDERS OF SAND
by CHRISTIE McFALL. Where sand comes

from, how it is measured, and its uses

are among the many aspects of sand de-

scribed and explained in this fascinating

book. Photographs; maps and drawings

by the author. Ages 8-12. $3.00

WONDERS OF THE
SPIDER WORLD
by SIGMUND A. LAVINE. Explains spider

anatomy and activities and its place in

mythology. Photographs.

Ages 8-12. $3.00

BIONICS: NATURE'S WAYS
FOR MAN'S MACHINES
by ROBERT WELLS. A new science com-
prising biology, mathematics and engi-

neering technology explained for scien-

tifically-minded young people and adults.

Photographs and diagrams. $3.50

PLANTS WITHOUT LEAVES

by ROSS E. HUTCHINS. Describes lesser

known plants, their reproduction, uses,

survival. Photographs by the author.

Age 10 up. $3.50

FAMOUS FOSSIL FINDS:

GREAT DISCOVERIES IN

PALAEONTOLOGY
by RAYMOND P. HOLDEN. Exciting and
important discoveries, including those

from palaeontologists at work in the field

today. Drawings by John Martinez.

Age 10 up. $3.50

DODD, MEAD & COMPANY, 432 Park Avenue South, New York, N. Y., 10016
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Rand
M^Nally's
Books for

Young ,i

Naturalists

HOME IS THE SEA
For Whales
by Sarah R. Riedinan and

Elton T. Gustafson

125 pliotograplis and diu);rains

Land was once home for the whale.

His evolution and behavioral and

sensory responses hold interesting

clues to how living creatures adapt

to their environment. Comprehensive

and scientifically accurate.

Ages 12-up $4.50

THE TRAVELS OF
MONARCH X
by Ross E. Hutchins

The wonder of nature—the recreated

log of the actual 2,000-mile flight of

one butterfly from Canada to Mexico.

"Presented with the suspense of a

Jules Verne novel."—Publishers' Weekly

"Sharply focused Includes scien-

tific notes and index." —Horn Book
Magnificent 4-color drawings by Je-

rome P. Connolly. Ages 7-10 $2.95

FLYING FREE
by Reidar Brodtkorb

The Golden Eagle(of Norway)—how
it lives, prepares its nest, cares for its

young, and what it eats.

"Deserves a wide audience. Well-

written, straightforward account of

the long struggle to protect eagles

from their one enemy, man. Many
details of their behavior and per-

sonalities are fascinating. Excellent

photographs."
—New York Times Book Review

Ages 12-up $2.95

THE SHAPE OF THE EARTH
by Jeanne Bendick

"A concise introduction to the earth

giving basic facts about its origin,

shape, and composition. Definitions of

terminology and descriptive sketches

help clarify scientific concepts."

—ALA Booklist Ages 8-11 $2.95

ALBUM OF NORTH
AMERICAN ANIMALS
lext by Vera Dugdale
illustrated by Clark Bronson

Any young person who loves animals

—and their elders—will be capti-

vated by this big, beautiful gift book:

a bountiful gallery in lively words
and full-color pictures of 26 large

North American animals. Some are

nearly extinct, others are familiar,

and all of them are fascinating to see

and read about—on Christmas morn-
ing and throughout the year.

Ages 10-up $3.95

RAND M9NALLY ^
Box 7600, Chicago, Illinois

^^^^

ical elements, and unrts of measurement.

Mr. Harbeck gives tips on how to go

about getting answers, by experiment,

to problems suitable for study in a home
laboratory in the fields of biology, chem-

istry, physics, earth science, and space

science. Some of these tips, however, are

not too helpful unless the reader has

more than a nodding acquaintance with

a chosen field. Here is where the author

does not complete the task of launching

a young investigator. He does not give

references or suggestions on how one

goes about finding relevant material in

a library. But this may be a minor criti-

cism. Mr. Harbeck does show the way to

find the why and how of things.

M. D. Anderson's Through the Micro-

scope (Natural History Press), and The
Microscope, by C. William Harrison

(Messner), are both concerned with the

history of microscopy and some of its

applications today. Both deal adequately

with the optics of simple and compoimd
microscopes. The Anderson book, which

is fully illustrated with photomicro-

graphs and drawings, is the more attrac-

tive and interesting of the two. There is

an outstanding discussion of the works
of the early microscopists. It is fascin-

ating to read a direct quote from Leeu-

wenhoek's description of Vorticella and
to see a reproduction of his drawing of

this organism. Through the Microscope

introduces the high school reader to

many fields of biology, including botany,

zoology, microbiology, genetics, hema-
tology, and embryology. It makes the

reader want to go into the laboratory and
see for himself some of the fascinating

things described and pictured.

The Microscope, which is written in

a folksy manner, places more emphasis

on the optical advances made by some of

the early pioneers and has a number of

interesting photographs of early micro-

scopes and a variety of modern instru-

ments. However, it is full of speculation

on what Leeuwenhoek might have said

on various occasions, what the neighbors

thought of him, and other trivia.

Collecting and Photographing Your
Microzoo, by Roy Pinney (World), is a

slender volume designed to teach the

budding microscopist to prepare cul-

tures, make slides, and photograph what
he sees through the microscope. The text

is too brief to be of real assistance and
contains many errors; the most useful

feature is the bibliography.

I found no appeal in the slim volume
Bacteria and Viruses: Friends or Foes?,

by William and Nellie Slaton (Prentice-

Hall). By its format, I assume the book

to be intended for young readers, yet the

use of many fairly technical terms and

concepts, without necessary explana-

tions, seems to belie this. The writing is

often not clear and in some places, down-

right murky. Some of the illustrations

are not accurately labeled, and most do

not enlighten the text. This book has

more than its quota of errors.

Some absorbing tales of the lives of

worms, spiders, bats, octopuses, snakes,

toads, and cockroaches are told in Rob-
ert Froman's Spiders, Snakes, and Other
Outcasts (Lippincott) . The author writes

about these animals with sympathy, but

not sentimentally, the tenor of his ap-

proach being that "to look down our
noses at . . . any creature is to look down
our noses at the same evolutionary pro-

cess that produced ourselves." The book
is sparsely illustrated, but there is an in-

dex and a bibliography listing a number
of references on these "outcasts."

How insects are adapted for their my-
riad ways of life is ably and interest-

ingly portrayed by Ross E. Hutchins in

his Insects (Prentice-Hall). Geared for

high school and adult readers, this book
presents a classification of the insects,

a general treatment of the world of in-

sects, a survey of their behavior and
senses, and a detailed discussion of their

varied ecological niches: that is, how
insects make their living. Excellent pho-
tographs amplify the text. My greatest

disappointment is the author's reliance

upon the dubious concept of instinct, or
"inherited knowledge," to explain al-

most all of insect behavior. Instinct, un-
less precisely defined, is no explanation.

We, for the most part, just do not know
why an insect behaves as it does, except
that this behavior is the result of the
interaction of many variables. Insects

is recommended if one does not expect
to learn the why of insect behavior.

Insects from Close Up (Crowell) is a
limited survey of the more common or-

ders of insects, written by Eleanor
Ivanye Fanning and enlightened by many
fine photographs by Harry F. Brevoort.
This is a good general introduction, and
it includes an abbreviated section on in-

sect relatives—spiders, crustaceans, mil-

lipedes, and centipedes. There is also a

brief note on the techniques of photo-
graphing insects.

A book that reads something like a
newspaper account of the wonders of

science is Fireflies in Nature and the
Laboratory, by Lynn and Gray Poole
(Crowell). This volume is less about
fireflies than about bioluminescence. It

is rambling, poorly written, has a num-
ber of errors, and would probably be
over the heads of most young readers.

Just the opposite can be said for Alice
L. Hopf's Monarch Butterflies (Crow-
ell) , a lucid and lively account of the life

of the monarch and its phenomenal mi-

grations. Miss Hopf writes from many
years of personal involvement in raising

monarchs and tagging them so that their

migrations might be followed. She tells

how to collect monarch eggs, larvae, and
adults, how to house and raise them, how
to tag and photograph them. This book

should recruit many readers in the at-
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''Have it your way, dear,
you saw a camel in Arizona."

4.^m^'>--rs

About THE ALIBIS ANIMALS, a neiv Natural History
Press book by George Laycock, the fascinating story of

man's often loell-intentioned, usually

disastrous attempts to relocate the earth's ivild creatures.

One day in 1875, a traveler through the

sunbaked desert of Southeastern Ari-
zona claimed he saw a wandering band
of Arabian camels. There was no rea-

son to doubt his report, for, two dec-
ades earlier, due largely to the efforts

of Jefferson Davis, the camels had
come to the United States. The reason
for the importation seemed sensible —
to help the U.S. Army surmount its

transportation problems in the South-
west. But the displaced camels were
unhappy, and the troopers who had to

ride them were outraged at their recal-

citrance.

Mystery of the Red Ghost

Some camels were destroyed, many
were turned loose. Frightened settlers

shot first and rubbed their eyes later.

The strange history of the camel in

America reached its bizarre climax in

the exploits of the "Red Ghost," a

camel supposedly ridden by a man. The
Red Ghost was seen stomping a woman
to death, and in later years he terrified

horses and trampled tents. He terrified

people as well, whether they had actu-

ally seen him or only heard of him.
When the Red Ghost was finally

gunned down, the story of the mystery
rider was verified, if not explained. Held
in place by rawhide thongs tied tightly

around the camel were the remnants of

a human skeleton.

Man the Meddler

These peculiar events are described in

The Alien Animals by George Lay-
cock, author of The Sign of the Flying

Goose, and a member of the Wilderness

Society, the Wildlife Management
Society, and the Outdoor Writers of

America. The camel story is one in-

stance of the peculiar urge of human
beings to rearrange other living things.

In the words of Library Journal, "the

results of these urges, although almost

always disastrous, are

the subject of this inter-

esting and carefully re-

searched book."

A Succession
of Fiascos

The Alien Animals
tells how, in 1877, a

man named Rudolph
Hessel proudly intro-

duced what he called

"the world's finest fish"

to this country. Soon the

carp upset the ecological balance of our

lakes and streams and became a plague.

You will read of how Jamaican plan-

tation owners imported the mongoose
to kill rats; it ended up killing their

chickens. You will also meet the senti-

mental expatriates who thought rabbits

would be nice in Australia. A few years

later, they were building a rabbit fence

across the continent.

On the other hand, George Laycock
relates how a judge from Oregon
brought home a ringed-neck pheasant

and has been a sportsman's hero ever

since. But such successes have been piti-

fully few. Most experiments have
ended ludicrously — or tragically.

A Warning for the Future

The Alien Animals is not only a fas-

cinating book; it is an important one
for every reader of Natural History. As
outdoor writer P. E. Angwin said in

discussing the book, even at this mo-
ment, "man, eyes agleam with senti-

ment, sport, or profit is casting covetous

glances at strange creatures in faraway
corners of the world." The lesson has

not been learned.

Mr. Laycock examines the
present policies of federal and
state wildlife commissions and
sounds a warning for the future.

The Alien Animals is indexed
and illustrated with 22 photo-

graphs. You may examine a copy
for two weeks without obligation.

If you don't agree that it is a fas-

cinating and valuable addition to

your library, you may return it

and owe nothing.

FREE EXAMINATION COUPON
15% discount to

Associate Members of tlie Museum*

To vour bookseller or to
THE NATURAL HISTORY PRESS
A division of Doubleday & Company, Inc.
Department 6-NH-ll
Garden City, New York 11531

Please send me copies of The
Alien Animals. I understand that I may
return the book(s) within two weeks and
owe nothing. Otherwise you will bill me
just $4.95 (less my 15% discount as an
Associate Member of the Museum) plus
shipping charges as payment in full.

CITY STATE. • Zip,

SAVE. Send payment now and we pax
postage. Same return privilege guaranteed!
•NoteilDCo discount applicable on directorders only.

71



tempt to solve the mysteries of monarch

migration and other aspects of its life.

One of the best books concerning ant

life I have read is All About Ants, by

Peggy Pickering Larson and Mervin W.
Larson (World). This is a well-written

text on the evolutionary history of the

ants—their adaptive radiation into a va-

riety of habitats and their adaptations

for specific ecological niches. The com-

plexity of ant social organization, in-

cluding the determination of castes, is

skillfully presented. In this book, too.

there is reliance on the concept of in-

stinct to explain ant behavior. On the

whole, however, the authors are to be

congratulated for this fine volume on

ants and their ways.

Kenneth K. Cooper

Vertebrate and

Marine Biology

MANY animal stories dealing mainly

with the lives of mammals and

birds have an important new concern:

the conservation of our wildlife on na-

tional and international levels. Because

of this emphasis, several books that

might otherwise be considered common-
place are recommended and, in fact,

urged upon young readers. Conservation

of our resources cannot wait to be car-

ried out by the generations of the future.

If the problems are not faced now. there

will be nothing to conserve later.

Two birds that should be treasured

are the subjects of The Golden Eagle, by

Robert Murphy (Button), and The Last

Eagle (the bald eagle), by Dan Mannix

(McGraw-Hill). Each book personifies

an individual eagle and traces its life

history, weaving biological details into

daily patterns of activity. The authors

describe flying, hunting, nesting sites,

courtship, parental care, and predation

by man. The writing in The Golden

Eagle is sheer poetry, while The Last

Eagle is competently and clearly written.

Since I am negatively inclined toward

books that tend to make animals into

humans, I tussled with my conscience

about the personification of eagles in

these books. I decided that the end result

is worthy of the novel approach if the

reader understands that literary liberty

has been employed.

Raccoons & Eagles, by Polly Redford

(Button), is also conservation oriented.

Mrs. Redford has researched historical

records, literature, and material on nat-

ural history, and has written this capti-

vating book on the life history of Florid-

ian raccoons and the bald eagle. She

presents techniques for raccoon catching

and ways to keep them as pets, in addi-;

tion to methods for eagle watching. Her
style is smooth, and her accounts of per-^

sonal experiences with these animals are

both whimsical and serious, without re-

sorting to coy anthropomorphisms. Mrs.

Redford pleads for conservation of the

bald eagle (the versatile raccoon is lic-

coming a suburbanite), and she points

out that it will be a tragedy if our na-

tional bird becomes extinct. The book

has an excellent bibliography and a

thorough index.

Another bird of prey is surveyed in

The W^orld of the Great Horned Owl, by

G. Ronald Austing and John B. Holt, Jr.

(Lippincott). The authors capture

through unique and striking photo-

graphs, owls on the hunt, flying, catch-

ing prey, and rearing their young. Ir

addition to biological information, there

is a considerable section on personal ex-

periences with owl rearing and owl keep

ing. and excellent pointers on where tc

find the great horned owl and its nests

The book has a long and pertinent bib-

liography and an index.

Similarly framed around impressive

photographs. Cottontail, by Leonard Let

Rue III (Crowell) shows rabbits ii

action and in various developmenta

phases, and their life story is trace(
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throughout the four seasons. It is lucidly

written and has an index.

The W'ildlije of Africa, by Jocelyn

Arundel (Hastings House), concerns it-

self with the approaching extinction of a

number of African animals, catapulted

by the predation of man. The title is a

bit misleading, for wildlife, per se, forms

but a small part of the story, which is

mainly about predation by slave traders,

ivory hunters, and European settlers.

One chapter lists the animals whose low

population numbers place them on the

brink of permanent disappearance; an-

other covers the national parks of Africa

and includes maps; and a third de-

scribes new ways of conservation and

land utilization. The book's primary and

most worthy contribution is that it makes
a forceful plea for conservation. It has

an index and glossary, and the writing is

agreeable and easy to read.

Going north and west to the continent

of North America, we find a number of

books about mammals. Our Wild Ani-

mals, by John Bailey, with photographs

by Leonard Lee Rue III (Nelson) , is not

specifically an argument for preserva-

tion of our national wildlife, but is ori-

ented toward its appreciation. The
selection of more than forty mammals
was probably dictated by the collection

of high-quality photographs. The book
starts with the tiny shrew and ends with

the large buffalo. In between it describes

many well-known animals, such as the

chipmunk, the squirrel, the woodchuck.
and the raccoon. For identification of

each there is a photograph, a diagram of

the mammal's foot, and a silhouette of

its footprint. The text surveys habits and
habitats, and includes a few scientific

researches carried out on some of the

animals. By and large, the biological de-

scriptions ring, commendably, of Ernest
Walker's books on mammals. If the au-

thors had sought out the more recent

experimental and observational studies

of mammals, the book could have left

the realm of "better-than-ordinary." It

has a geographical distribution table,

but no index.

FzW Captives, by Donald G. Dodds
(St. Martin's), is a book that disturbed
me. It is more a story of death than of

life. Mr. Dodds decries the terrible and
needless killing of so much wildlife by
means of the gun and the trap, but the
book left me with a sense of hopelessness,
rather than inspiration to save these ani-

mals. For example, the epilogue, which
should have proposed concrete ways to

conserve, instead told the story of a

moose being quartered. Mr. Dodds is ob-

viously fond of these animals and writes

well, with considerable feeling and an
jccasional twinge of bitterness. The por-

traits of the subjects by Ronald An-
drews are exquisite. There is no index.

Two books are specifically about
pears: American Bears, by B. F. Beebe

and James Ralph Johnson (McKay),
and A'o Room for Bears, by Frank Du-
fresne (Holt, Rinehart and Winston).
The first is a well-written, straightfor-

ward account of the life of the black,

grizzly, and polar bears. It covers be-

havior, hibernation, and general biology,

and includes stories of bear attacks. The
bibliography and index are comprehen-
sive, and there is one illustration. The
second book laments the future disap-

pearance of bears unless some steps

are taken toward conservation of areas

where they can live. It is primarily an

Since ?9I9

adventure story with accounts of the

habits of grizzly and sundry other bears.

The book is fast moving and entertain-

ing, and scenic Alaska comes very much
to life. The story begins as a plea to

preserve living space for bears on Ad-
miralty Island, but it develops into a

series of spellbinding anecdotes about

close calls with bears—in which the bear

lost. There is no index.

Wild Dogs, by C. B. Colby (Duell,

Sloan & Pearce), is a dull book. The
author surveys some members of the

family Canidae, such as the fox, coyote,

The Colombian Infernofional Airline
Announces: ANTARCTIC EXPEDITIONS '67

^~-—"aasrw*

The world wide interest in our expedition

1966 was such that long before we could

announce our EXPEDITIONS 1967 we

were inundated with letters and requests

for information; so, once again, we have

teamed with the well known promoter of

exotic trips, Mr. Lars Eric Lindblad.

AVIANCA now offers you the opportunity

to share the fascination of exploring Ant-

arctica with an expert: Captain EDWIN A.

McDonald, usn (Ret.).

Captain McDONALD has journeyed many

times to both polar regions and written

extensively of them. While Deputy Com-

mander for Rear Admirals George Dutek

and David Tyre, he was awarded an

Antarctic Medal, two Commendation Rib-

bons, two Legion of Merit medals, Brit-

ain's Gold Patron Medal and the Officer

of Leopold Medal of Belgium, In recog-

nition of his extensive polar work.

Many changes have been made to make

the Antarctic Expedition 1967 an even

better trip than the expedition in 1966.

For more information about these new,

once-in-a-lifetime expeditions, write us

for the descriptive folder. Departures

January 10 and January 24, 1967. All

inclusive price from New York, including

Antarctic clothing is from $3600.00 to

$3800.00, depending on cabin occupied.

For more information about these expe-
ditions write us for the descriptive folder.

6 West 49th St.

New York, N.Y. 10020

Please send folder on the "Antarctic
Expeditions '67".

NAME_

address.

CITY
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A very special

Christmas book

by the noted

astronomer -

author

FRANKLYN M.

BRANLEY

The star that led the wise men to

Christ's birthplace has fascinated men
throughout the ages. In this handsome
book Dr. Branley discusses several of

the theories men once had about the

star. He then explains how the approxi-

mate year and season of Jesus' birth

have been determined, and how these

facts are related to our knowledge of

the Christmas sky.

Dr. Branley is director of the New York
Hayden Planetarium's educational pro-

gram, and is one of the astronomers
who delivers the annual Christmas lec-

ture from which this handsome book
originated. Blair Lent is a well-known
artist who has won several awards for

his picture-book illustrations.

Ages 6-10 $3.7.5

THE CHRISTMAS SKY
by Franklyn M. Branley

Illustrated by Blair Lent

THOMAS Y. CROWELL COMPANY
201 Park Avenue South

New York, N.Y. 10003

jackal, and timber wolf, and persists in

referring to them in humanoid terms.

Each "dog" is illustrated with a medi-

ocre photograph and a track silhouette.

South American animals have been

touched upon in two adventure stories,

Animals of the High Andes, by Alida

Malkus (Abelard-Schuman), and Ani-

mals of the Valley of the Amazon, by

Cecile Hulse Matschat (Abelard-.Schu-

man). It is refreshing to find stories

about South American animals entering

the realm of juvenile books. Each book

is essentially a travelogue and traces a

course, with boys and native guides,

through the appropriate geographical

region. It is during these travels that a

variety of animals, often unusual and

strange to us, are seen and discussed,

with a few biological facts about each

presented to the reader. The books

should at least serve to awaken interest

in South America.

Several books deal with broad bio-

logical subjects. Forgotten by Time: A
Book of Living Fossils, by Robert Silver-

berg (Crowell), is about animals and

plants that have come through a long

evolutionary history with relatively mi-

nor structural changes. The tanklike

horseshoe crab, the recently famous coe-

lacanth, the little-known tuatara, the

marsupials, tree ferns, and flightless

birds are examples. Mr. Silverberg, how-

ever, does not quite appreciate the mean-

ing of time in terms of evolution and

survival. How can he casually say that

dinosaurs were unsuccessful? Certainly

100.000.000 years of survival should be

considered success. The subject matter

is sufficiently unique to warrant a read-

ing, and the writing style is easy to fol-

low. The black-and-white drawings are

fair, and the book has a good index plus

a full list for further reading.

The subject of Animals on the Move,

by Ann and Myron Sutton (McNally),

is an interesting one, but the animals are

mainly birds, and the story is about their

migrations. Migrations vary, and they

are carried out under different stimuli

for different groups. The authors per-

haps should have investigated more of

the currently available studies. The book

is amply illustrated by Paula Hutchison

with examples of migratory flyways and

species types. The index is good, but the

reading list is unimaginative.

James Poling presents a well-written

account of camouflage and mimicry in

the book Animals in Disguise (Norton).

The author distinguishes between vari-

ous kinds of disguises: protective color-

ation, body markings, shadings, conceal-

ment through behavior, misdirecting

markings (such as eyelike shapes on the

tail), and mimicry—when harmless ani-

mals resemble those that are malodor-

ous, non-palatable, or dangerous. The
black-and-white photographs are strik-

ing, but one wishes for more pictures in

NEW ^a^^^ BOOKS OF

ADVENTURE AND J

WILDLIFE in fhe

Arcfic, fhe desert,

the jungle

TO SURVIVE WE MUST BE CLEVER. By Ger.
TRUDE E. Finney. Illustrated by Carl Kidwell
The epic account of an Eskimo boy's coming o
age in the Aleutian Islands, his testing, his

courage, and his achievement of a position o
highest responsibility. $4.2i

AMERICAN DESERT ANIMALS. By B. F. Beebe
Illustrated by James Ralph Johnson. ArmadillOE
javelinas, coatis, kangaroo rats, prairie dogs, ani

other unusual animals of the American desert

are revealed in true anecdotes and pictures. $4.2

OCELOT. By B. F. Beebe. Illustrated by Jame
Ralph Johnson. A true story of a naturallE

team's experiences in the jungles of Mexico, an
their solution of the mystery concerning th!

stripe-shouldered cat which the natives called th'

onza. t

At all bookstores

DAVID McCAY COMPANY, INC.

750 Third Ave., New York, N.Y. 10017

9

MORROW

JUNIOR

BOOKS

ANIMAL APPETITES
GEORGE F. MASON

The author's many years of first-

hand observation are reflected in

this study of animal feeding
habits. Illus. by the author. Ages
10-14. $2.95

!MOTHS
AND BUTTERFLIES
and How They Live

ROBERT M. McCLUNG
"*(An exceptional book.) Infor- i

mative, compact, factual, easy to

read. Many illustrations."— Ki>-

ginia Kirkus' Service. Illus. by the i

author. Ages 8-12. $2.95

CORALS
HERBERT S. ZIM

The facts about corals and coral

reefs throughout the world, viv-

idly set forth by a noted science
writer. Illus. by Rene Martin.
Ages 8-12. $2.95

^ WILLIAM MORROW & COMPANY <
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color. The book has a suggested reading

list and a comprehensive index.

Written by the behaviorist ,). D. Car-

thy. Animals and Their Ways (Natural

History Press) is a glimpse into the

highly complex subject of animal be-

havior. The material is fresh, and the

studies presented are those of modern

behavioral researches. Dr. Carthy sur-

veys sensory receptors and stimuli,

social organization, territoriality, court-

ship, parental care, rhythms in activity,

learning, genetics, and the adaptive na-

ture of behavior. One of the book's diffi-

culties is that too much is covered and too

many facts are packed into a small space

with the result that some of the concepts

are not clearly expounded. For example,

forty-one lines on perception will leave

it quite unperceived—better to have left

it out. Also, because of the density of

material, modifiers were omitted; many
statements are all-inclusive, which fre-

quently makes them not quite true. For

example, the statement that human so-

cieties have more in common with

societies of ants and bees is most provoc-

ative, and needs an explanation of the

viewpoint. I found several errors refer-

iring to fish schooling, a special interest

[

of mine. The book is profusely illus-

jitrated with photographs, line drawings,

diagrams, and etchings, but the labeling

in some is modest. While the book will

'fascinate many readers and open new
areas of thought about behavior, it reads

as if it were hastily written, and the in-

dex is poor.

In the same field is a breezily written

book. How Animals Communicate, by
Bil Gilbert (Pantheon). Except for bee

dances—which may function through vi-

brations—the author deals mainly in

sound production, primarily in birds,

dogs, dolphins, and chimpanzees. In his

'ntense desire to separate animal lan-

j^uage from human language, he made
he point unnecessarily complicated.

Perhaps he should have avoided the term
mimal language and used only the term
mimal communication. He does mention
hat animals communicate through signs,

•ontacts. odors, and vibrations, but pro-

eeds largely to ignore these forms of

communication (except in birds) and to

concentrate on those he apparently
TOuld like to push closer to the realm of

luman conversation. If his philosophy
ad been more objective, the book would
ave been recommended as a stimulating

ntroduction into systems of animal com-
lunication. The writing has an anecdot-

1 quality, and the personal experiences
ith dogs are good stories that include

,'seful information about training. There
i no index, and the reading list is fair.

The Armor Within Us, by Joseph
amachson (McNally), is the story of

one. its growth, chemistry, and struc-

ire. seen mainly through the studies of

istorical and modern researches. It is

Uai^Lt
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of pertinence to all biology students and

to those who wish to understand bone as

a living tissue with a complex metabolic

system. The book could have been im-

proved with more and better illustrations,

specifically in relation to discussions of

metabolism and structure, and the dia-

grams should have had more adequate

labeling. The photographs are poorly

reproduced. The writing is a little heavy

but clear, and the author has included

an excellent glossary of technical terms

and a good index.

If books about people and their pets

are kept within their limitations, as per-

sonal narratives and anecdotes, they are

splendid and serve to enhance curiosity

about animals. My objections come when

the author's emotions masquerade as

scientific research. In Samba and the

Monkey Mind (Norton), Leonard Wil-

liams describes, in great detail, his life

with woolly monkeys kept as pets in his

English household. If he had limited his

story to the woolly monkeys, all would

have been well. But instead he ab-

stracted his experiences into the field of

monkey and ape behavior, became in-

volved in the philosophy of studying be-

havior, and immediately ran into trouble.

A quote from his book sums up his reac-

tion: "How can we . . . avoid the ten-

dency to humanize . . . ? If we renounce

the human standard of measurement,

what standard is left by which to meas-

ure anything?" However, humanizing

and measuring are not synonyms, and

more can be learned if we think of ani-

mals as having their own levels of or-

ganization and behavior.

Another story of personal experiences

with animals is Such Agreeable Friends,

by Bernhard Grzimek (Hill and Wang).

After reading it I felt that I haven't lived

because I have not had a chimpanzee in

my house—toppling lamps, ripping cur-

tains, and using bedding as a bathroom.

Are such intimacies necessary in order

to prove that you have admiration and

interest in animals? In addition to chim-

panzees. Dr. Grzimek discusses other

apes, horses, elephants, dogs, and wolves.

Of course, many of these were housed in

zoos. The book has an index and con-

tains photographs of many of the pets.

A book of personal anecdotes that I

found unpretentious and charming is An
African Zoo in the Family, by Joan Wini-

fred Taylor (Emerson). Mrs. Taylor ac-

cepted animals as animals, admired

them, and urged their conservation, but

she felt no need to make them human in

order to make them valuable. The story

relates her experiences as a gamekeep-

er's wife in Rhodesia and her distress

as she witnessed the destruction, under

government edict, of many local animals.

There are five books about the sea.

The Ocean World, by Vladimir and Nada
Kovalik (Holiday House), is one of

those rare books in which the serious

student can find out what it means tc

become an oceanographer and the kimh
of studies that are made under that des-

ignation. It is encyclopedic in its survp>

of the physical oceanographer, the bio

logical oceanographer, the chemist, etc

There are sections on history, on moderr
technology, and on some of the proper

ties of the sea. The selected photographs

are unusual and come, by and large, di

rectly from research institutions. At th(

end is a list of schools where one cai

study oceanography, an excellent read

ing list, and a splendid index—a worth

while reference source for the embryonidi

oceanographer. All in all, a highly rec

ommended book.

Something Rich and Strange, by Rob
ert E. Schroeder (Harper & Row), is i

romantic account of the author's exper

iences, diving day and night, around tb

Virgin Islands and the Florida Keys. Hi
love of the coral reefs and of Scuba div

ing is apparent throughout the pagei

Unfortunately he succumbed to th

temptation of personalizing his animals

and he tells the reader that a conch ha

alert and intelligent eyes and that earl

in June a redfin parrot fish begins to b

bothered by unfulfillment. Statement

such as these are unforgivable comin
from a biologist. The book is easy

read, and will hold one's attention. Th
photographs are in color, and there i

an elaborate index.

The World of Coral, by Robert Silve:

berg (Duell, Sloan & Pearce). is also

story about coral reefs, derived from th

author's experiences among the reef

The best part of the story tells how cor;

reefs develop and how they interact dj

namically with the sea—so often on

thinks of corals as being static and wit)

out life. Small and large reefs and the

inhabitants are surveyed around th

world, and the scientific studies bein

carried out on reef building and reef liJ

are described. The writing is a bit p
dantic but easy to follow. Mr. Silverbei

tends to apply generalizations to sp

cifics, such as implying that fish livir

in reefs can swim 50 miles an hour i

that the danger of shark attacks

greater in New Jersey than the Bahami
(on what authority? ) . The photograph

reproductions are very poor, and the

is not a color picture in sight. Color do

make up much of the beauty of a ree

Jacques-Yves Cousteau's World Wit

out Sun, edited by James Dugan (Ha,

per & Row), is the still version of tl

film of the same name. The writing

lovely, the color photographs are cli

from the motion picture, and the tale

has to tell is of man's future under t

sea. This is a most attractive book.

The Wonderful Dolphins (Hawthon

is a bad book. It is bad not because

lacks the ever-charming photographs

dolphins and not because it fails to (

scribe many of the species, their dist
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A RECENTLY PUBLISHED BOOK ON GEMS
N THE SMITHSONIAN INSTITUTION COLLECTION
74 PACES-41 FULL

COLOR REPRODUCTIONS

$1.25

The National Gem Collection

The Study of Gems

The Shaping of Gemstones

Gem Lore

Zem Substitutes

rhe Principal Gem Species

Jome Notable Gems in the Collection

The Smithsonian Institution has assembled a thousand examples
of ail known gem materials to illustrate the various gems and
show how they are cut and polished. Now the story and study
of this magnificent collection belonging to the People of the
United States has been put into book form. Whether you are a
student of gem lore, a lapidary, a collector, or merely interested
in beautiful things you will enjoy adding this report on gem-
stones to your library, or presenting it to an interested friend.

ORDER YOUR COPY OF "GEMS" FROM THE SMITHSONIAN
(Publishers of select books for 120 years) by sending $1.25 to:

MANAGER, MUSEUM SHOPS, DEPT.NH, The Smithsonian Institution
Washington, D.C. 20560

Name

Address.

City

$1.25 includes postage and handling

THE SMITHSONIAN INSTITUTION
'<i^q,e^ Cc-yi,..rr^
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40 TIMBERED ACRES

$1650 TOTAL PRICE

WASH.-IDAHO-MONT.
$50 Down — $25 month, in Northern
Idaho. Northeastern WashinKton, and
Western Montana. In the heart of lakes

and big game country. All covered with
growing timber. Access, Title insurance
with each tract. This is select land with
natural beauty, recreational and invest-

ment values. Your inspection welcomed.
Write us for free list, maps and complete
information. We have tracts of many
types and sizes to choose from, incl.

waterfront property. Write to:

REFORESTATION Inc.
P.O. Box 8146, Dept. GK, Spokane, Wash.

vO'?
-^^'
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WOLFE
WORLDWIDE
FILMS

Dept.8l06Los Angeles.

Calif- 9D025

Seen the matchless new Wolfe color

slide catalog? World's most complete
library. Full scenic, landmark cover-

age, life, gaiety, people, beauties and
treasures of 99 foreign countries and

50 slates. Professional 35mm slides

guaranleed perfect — or money bach.

Curator Of Anthropology
required for

NEW PROVINCIAL MUSEUM
VICTORIA, B. C.

B. C. Civil Service

SALARY: $7,080—$8,640 per annum.

The acquisition, documentation, care and
study of museum materials relating to the

anthropology of British Columbia: plan-

ning exhibits; participating in educational
programmes and related work.

Applicants must be Canadian citizens or
British subjects: a university graduate in

Anthropology: preferably post-graduate
training: should be thoroughly familiar
with Northwest Coast and Plateau cul-

ture areas.

For application forms, write to The
Chairman, B. C. Civil Service Commis-
sion, 544 Michigan Street, VICTORIA,
B. C, Canada.

Competition No. 66:751

bution. and some of their biology; it

does these things amply well. It is bad

because the author. John Bailey, in his

approach to these delightful beasts,

wanted them to be clever, witty, and

conversational. He even asks, "Does the

dolphin have a racial memory and does

it vaguely remember when it was a creo-

dont? It almost seems to." His chapter,

in fact, on how a creodont changed into a

dolphin belongs in a book of fairy tales.

If only dolphins could talk to us. per-

haps they could tell us how silly we are

to try to make them into humans.

A Wodd of Snakes, by Thomas Helm

(Dodd, Mead ) . is primarily based on the

personal experiences of the author and

others. His acknowledgement list is a

compilation of virtually all the snake ex-

perts, but his bibliography omits one

of the best books on snakes, that of Clif-

ford Pope. The slant of the book is

mainly toward snake bite, including clin-

ical details, and there is little on the

biology of snakes. The emphasis is on

the big and dangerous snakes and on the

men who handle them. Scientific names

are given along with popular ones, and

the photographs are good.

Alexander W ilson : W anderer in the

Wilderness, by Robert Plate (McKay),

is a biography of this now famous orni-

thologist whose life during the early

nineteenth century was one of despair

and difficulty, but who. despite this, went

on to draw and to observe the birds he

loved. The driving passion of the man is

well presented in this thoughtful and

sensitive account of his life.

Evelyn' Shaw

This list details the photographer, artist,

or other source of illustrations, by page.

COVER-Patricia Caulfield 41-Dillon Aerial Pho-

26-Richard D. Alexander tography

29-D. Otte and Ricliard 42-PraBue Observatory
D. Alexander 44_amnh Archives
30-31-Richard D. 45-AMNH
Alexander

„ . . . 46-51-Hugo Freudenthal
33-William J. Schneider and John Lee except
34-top, Patricia Caul- ^g.; ^^^NH after
field; bottom Frank

Freudenthal; bottom.

36'37--top, William J. ^T^''^-^ \'°''^"^

Schneider; bottom, AMNH Muscatine and Jane

after Schneider ^-,".1 i , r ir=M
38-Patricia Caulfield 52-55-Patricia Caulfield

39-AMNH after Schneider 56-60-AMNH

53 mm\^{s-^0

The Species of

BIRDS OF SOUTH AMERICA
and Their Distribution

By Rodolphe Meyer de Schauensee

Ihis new book is the only one-volume distributional check list of the

2,906 species of birds in South America. 596 pages, $10.00

*This is a cotnpanion lohime to Mr. de Schauensee's BIRDS OF COLOMBIA, with

field descriptions of approximately half the birds occurring in South America. Illus-

trated in black and white and color. $10.00. (Both books-BIRDS OF SOUTH
AMERICA and BIRDS OF COLOMBIA, $18.50.).

Published for the Academy of Natural Sciences of Philadelphia by

LIVINGSTON PUBLISHING COMPANY • Narberth, Pa. 19072

Itnported froin strange lands of the mysterious

Far East — this valuable collection of 53 genuine

postage stamps from Borneo, Burma, Hong Kong,

Malaysia, Nepal, Siam, Sarawak, Singapore, Viet

Nam, etc. Supernatural Demon-God (half man, half

bird), ferocious wild beasts, ceremonial dancers,

weird oriental idols, many others. Guaranteed worth

over $1.50 at standard catalog prices— all for IOC!

Also, other fine stamps from our approval service,

returnable without obligation—plus FREE Illustrat-

ed Catalog. Send today!

Jamestown Stamp Co.cii6NMJamestown,N.Y.14701

FROM ENGLAND AUDUBON'S AMERICAN BIRDS
Faithfully reproduced in full color on tine Stafford-

shire china from the originals in the famed "Ele-
phant" folio edition. All plates (eight different)

marked on back with folio number. Shown—No. 43,

Cedar Bird.

Service of Display Plate (10%" dlam.)
round only ,n'ni
set of eight '9-95

Dessert of Salad (8%" diam.) set of eight.... 19.95

round or square 2.99

Cup & Saucer 2-99; set of eight 19.95

Hostess Plate (5" diam.) set of eight 9.95

Fruit Dishes (VA" diara.) set of eight 7.95

(postage Fla.. La.. W. of Miss.t $1.65) E. of Miss.
99C. (X.T. State residents add '2% Sales Tax)

HERE'S HOW CO., INC.
Dept. NH-601 59 Tec St.,KicksvilIe, N.Y. 110801

NEW AGE SUNDINER

New-Age Sundiner (amaz-

ing solar energy grill)—

Never needs fuel. Sun

cooking is the Space Age

way to cook outdoors.

SUNDINER permits you to tap energy frc

sunlight and convert it into clean, even het

Ideal for campers, picnickers, explorers

Reduces the hazard of forest fires—Al

seeking fuel for cooking outdoors.

low price $20.00 ea. F.O.I
^

N.Y., N.Y.,-Certifted Che.

or Money Order, On/y. I

SPORTS EQUIPMENT CORF

220 FIFTH AVENUE

NEW YORK, N. Y. 10001

TEL: 212 683-5584

78



aladdin hoase. Ltd-

648 Ninth Ave., New York, N. Y. 10036

ANTIQUITY GIFTS...

CUFFLINKS
$9.95 ppd.

PENDANT
$8.95 ppd.

CHARM
$7.75 ppd.

TIE TACK
(nickel sit.)

$5.75 ppd.

• Coins set in ster. silver.

Jewelry gift boxed with

certificate of attribution.

• Prices include postage.

• Money Bock Guorontee.

ANCIENT, GOD COINS
over 666 years old . .

.

from mysterious Ceylon! These intriguing
bronze coins show the abstract figure of
"VISHNU" preserver GOD of ENERGY
& DESTROYER of EVIL on lotus plant
holding flower in left hand, right hand
over urn. These rare coins in Silver Jew-
elry are perfect gifts for the god or god-
dess in your life! As beautiful talismanic
jewelry these stimulating coins make ever-
lasting gifts. Order today . . . coin collec-
tion is limited/

*See "Coins of the World" by R. Carson
of the British Museum.
FREE: Jewelry brochure #N-llD on
request.

BRONZE AGE
ARROWHEADS ... *

i lixcavatcd from famous archaeological
: sites in "AMLASH" (near the mts. of
I LURISTAN!) Bronze Arrows date from
I5tli-8th Cent. B. C. & exhibit rich
malachite preen patina! Each arrow a
t/ia^ti//ii'ci/l dis})lay piece . . . unique

SELECT Arrowhead 3"-5" S6.50
Average Arrowhead 2"-3" $4.50

EREE: Phistic display stand for arrow
*=SEE—"The Illustrated London News" ,

May 5, 1962, P. 699-701

CLEOPATRA AGE JEWELRY
Ancient I-.j;\p[ian faience beads (3rd Cent. B.C.—
4th Cent. A.D.. CL1X)PATRA AGE), from ex-

cavated caches. linto/f/hed for cenliiiiei, these

exotic, co/oil/fl hciicis in concert form a necklace
treasnrc: a lasleU'l complement to casual or

formal allirt.

24 inch Necklace of ancient beads S15.50
Sterling Silver drop bead earrings S 5.75
Complete Set: Necklace & Earrings $19.75
FREE: Elegant display case for Necklaces &

Earrings.

TEMPLE BUDDHA5

(from lSlh-l9lb Cent. Sia?n)

Secured from ;ibandoned vegeta-
tion overgrown, timeworn temples
deep in the primeval forests of
northern Siam. Superbly crafted
teakwood statuettes, lacquered red
&/or black . . . several Btiddhas
richly finished in Cold leaf, somi
uith hand inscribed prayers! State-

ly display (7"-10") complimenting
home & office decor. A distmt-
tive all-occasion gift! CHOIC 1

Buddha, rich Gold leaf finish ^
inscribed prayers S-<'i.

Select Buddhas. rich Gold leaf S25.

ANCIENT EGYPTIAN OIL LAMPS
over 1300 Years Old

Ancient Egyptian oil lamps dating from the 3rd-
4th Century A.D. These select specimens fash-
ioned with various designs make unique archaeo-
logical display pieces for home and office. Lamp
on walnut base with parchment certificate of
authenticity S12.50

Vi BILLION YEAR OLD . .

.

Trilobites (extinct sea fossils). Deli-
cately sculptured with gemlike rich-
ness, the trilohites hlend with silver
forming prehistoric Jewelry
Creations

!

CHARM
$5.95

PENDANT
$7.95

EARRINGS
$9.95

FREE Gift Catalog
. . . Illustrating: Crosses, Buddhas, Amulets,
Bronze Weapons, Lamps, Scarabs, Jewelry,
Figurines, Masks, Roman Glass, Pottery, Coins,
Shawabtis, Coptic Textile & more! Collectors,
Siudents, Gift Givers & the intellectually curious,
will enjoy this stimulatirjg reference book.
Write for your free copy today!

ALADDIN HOUSE, LTD.
Dept. N-11D • 648 Ninth Ave., N.Y., N.Y. 10036

EGYPTIAN FROG LAMPS . . .

exca\ated in Egypt and dating from the 3rd to 4th
Centuries A.D. Lamp top is decorated with a frog
design, the ancient Egyptian
symbol of fertility and prolific
genL-r;uion. I'liEE: With each
tamp a copy of "Greek and Ro-
man Pottery Lamps" by Donald
M. Bailey. This terracotta lamp
is pictured in this British Mu-
seum Publication, see plate 14.
Lamp on walnut base with
parchment certificate of authen-
ticity $22.50

COIN OF INDIA
'Ihe hea\ y silver coins of the
bhah Jahan Empire (1632-1653)
have been transformed into mag-
nifitent handcrafted jewelry. This
lamed Indian ruler built the Taj
Mahal, the worlds most sump-
tuous memorial to a beloved
wife. Coins of Shah Jahan,
historically symbolizing his
immortal love for the Em-
press Mahal, are now avail-
able as regal charms, pend-
ants & cufflinks. A ^ift truly
expressing eternal love!
Silver coin pendant S25.50
Silver coin charm S19.50
Silver coin cufflinks . S28.50

1/4 BILLION YEARS OLD . . .

animal fossil (blastoid) frequently
called "Sea Bud." actually lived over
230 million years ago. Nature s de-
sign, five vents surround center giving
the blastoid a futuristic look. Now,
this fantastic fossil has been
crafted with sterling silver, creat-
ing unique jewelry . . . while re-
maining an alluring scientific
curio ! Give as in/riguiug gift from
"The Daivn of Life on Earth"

I

PENDANT CHARM EARRINGS
S6.95 S4.95 S9.95

Miniature OPIUM WEIGHTS
The sale of opium in 17th-19th Cent. Siam &
Burma v\as state controlled. Used to weigh
opium, these stylized bronze lions, ducks &
elephants, handsomely mounted on walnut bases
(or lucite) are approx. V:" to I" high, weighing
iipprox. 2/5 to 1 oz. Useful & unique as paper-
weights, they make an exotic addition to all

collections . . . a most intriguing gift from the
Orient!
f)pium Weight. */>" high, walnut base S5.89
Opium Weight, 1" high, lucite base S9.50

Aladdin House, Ltd., Dept. N-11D
648 Ninth Ave., New York, N. Y. 10036
n Piease send rRi:i; Cift Catalog only!

Please ship mc the following:-

-Check enclosed S_
Name
Address-

City -State- -Zip_
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MAIL
ORDER SHOPPING MART

A selection of products available by mail for readers of Natural History

All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

EXCELLENT
for

XMAS
GIFTS!

*../

3" Asfronomica/ Telescope

nized and »v'"»f'!f,3^„/'feTl E«"artorial

Jersey 08007.

American Made Opaque Projector

Projects illustrations up to 3" x 3'/2"—en-

larges tliem to 35" x 30" if screen is 6'/j ft.

from projector, larger pictures if screen is

further away. No film or negatives needed.

Projects charts, diagrams, color or black-

and-white. Operates on 115 volts A.C. cur-

rent ... 6 ft. extension cord and plug

included. Operates on 60 watt bulb, not in-

cluded. Size 12" X 8" X i'.V wide. Weight

I lb. 2 02S. Plastic case. S7.95 ppd. Orner

stock No. 70.199-E. Edmund Scientific Co..

Barrington. New Jersey 08007.

8-Doy Ship's Be/( Clock

Fine precision marine
'ir'"J'"Hi"oh'lv'cTr-

metal case in brass ".r.^hrome. High y cor

j:l'J"ed".^itt5-h?url;s;er;f'?ireep*i'

f'Jom Firs! watch (evening) '"^""Sh Sec"hd

Dos Watch. Chimes nautical i/j-hr. intervals

from I to 8 bells-can be turned off. Ther-

mometer at bottom of dial. $70 Ppd. Brass

l^Vder Stock No. 70.781-E: Chrome—No.

?5^782-E Edmund Scientific Co., Barnng-

toii, N.J.

10 **^ *^ ** ^

Wff'n Proof—Games of Logic

Practice abstract thinking and math logic.

Developed by Yale prof. If you think learn-

ing should be fun. try WFF'N PROOF
brain -to- brain combat! 21 games of pro-

gressive difficulty. Starts with simple

games mastered by 6-year-oIds, ends with

subtle logic for challenge professional logi-

cians. S'a" X 5^4" case contains logic

cubes, playing mats, timer & 224-p- book.

$6 Ppd. Order Stock No. 60.525-E. Ed-
mund Scientific Co.. Barrington. N.J.

08007.

Crystal Growing Kit

Do a crystallography project— illustrate with

large beautiful crystals you grow Yourself^

Study Sl demonstrate factors affecting

growth, refraction, piezoelectric effect sym-

metry, etc. Incl. book "Crysals & Crystal

Growing" plus generous supply of chem cais

to grow 7 large display crystals (clear

purple, blue-green, green and red) sasu

Ppd Order Stock No. 70.336-E. Edmund
Scientific Co.. Barrington. New Jersey

08007.

Long and Short-Wave Ultra Violet Lamp
Photograph gem-like colors of 85 fluorescent

minerals, artwork, chalks, paints. Use for

prospecting, mineral collecting, etc. Sturdy,
compact, portable. Shortwave UV radiation

up to 2537 angstroms — long up to 3660
angstroms. Operates on AC or "D" Bat-
teries. Wt. I lb. 5 oz. Incl.: 9 ft. cord,

booklet, set of fluorescent minerals. S29.75
Ppd. Order Stock No. 70.259-E. Edmund
Scientific Co.. Barrington, N.J. 08007.

Giant Surplus Balloons

"Balls of fun" for kids, traffic stoppers

for stcres, terrific for amateur meteorolo-

gists. Create a neighborhood sensation.

Great backyard fun. Exciting beach attrac-

tion. Amateur meteorologists use to meas-

ure cloud heights, wind speed, and temp.

Made of heavy black rubber. Inflate with

vacuum cleaner or auto air hose; or locally

available helium for high rise. 8" diam.

S2.00 ppd. Order Stock No. 60.568-E.

Edmund Scientific Co.. Barrington, N.J.

08007.

1^# "^
Wooden Solid Puzzles

Here's a fascinating assortment of 12 differ-

ent puzzles to provide hours of pleasure

and stimulate ability to think and reason.

Animals and geometric forms. Take them

apart and reassemble them. Lots of fun for

the whole family—young and old. Will test

skill patience and ability to solve problems.

Order yours now. $3.00 Ppd. Order Stock

No. 70.205-E. Edmund Scientific Company.
Barrington. New Jersey 08007.

80

New Hydroponic Grower
Now grow orchids, roses, tulips, etc. in

office, home or classroom WITHOUT SOIL.
Portable hydroponic grower has automatic

feeding system — just flick switch I mm.
a day. Minimal maintenance. Planting bed
6" X 21 '-i". Operates on 4 "0 " batter-

ies (not incl.). 9-week supply of vitalizer

instructions. S39.95 Ppd. Order No. 80.094-E.

Vitalizer concentrate only (max. 16 week

supply). No. 60.571-E. 51.95 Ppd. Edmund
Scientific Co.. Barrington, New Jersey

08007.

New Model Digital Computer
Solve problems, tell fortunes, play gar
with miniature version of giant electro

brain! Adds, subtracts, multiplies, shi" -

complements, carries, memorizes. Colo
plastic parts easily assembled. 12" x 3
X 4%". Incl. step -by -step assembly d .;.

grams, 32- p. instruction book cover ''

operation, computer language (binary
tern) programming problems & 15 expi

ments. S5.98 Ppd. Order No. 70.683
Edmund Scientific Co., Barrington,
08007.

Science Treasure Chest

Hundreds of thrilling experiments plus a

Ten Lens Kit to make telescopes, micro-

scopes, etc. Incl.: extra powerful magnets,

polarizing filters, compass, one-way mirror

film, diffraction grating, many other items.

$5 50 Ppd. Order Stock No. 70.342;E.

Deluxe Chest: Above plus crystal growing

kit electric motor, molecular set, and lots

more. $10.50 Ppd. Order Stock No. 70.343-E.

Edmund Scientific Co.. Barrington, New
Jersey 08007.

Junior Rocfeef and Spoce Capsule

Parachute-equipped Rocket and Space Cap-

sule soar to 600 ft., then with 2 parachutes

float to earth. Fully controlled— II time de-

lays to choose from. Launch again and again.

No chemicals, explosives. Extra strong rub-

ber sling provides power. Capsule and para-

chute, rocket body and parachute, launching

pad, sling and instructions. S3. 50 Ppd.

Order Stock No. 70.845-E. Edmund Scien-

tific Co.. Barrington, New Jersey 08007.

!T^'

Terrible Lizards—Monstrous Aiommi
Explore the fascinating prehistoric w
of dinosaurs 200.000.000 years ago.
kit contains 24 authentic scale models
dinosaurs— 12 mammals) accurately deta

in sturdy plastic. Incl.: Giant Brontosau
fierce Tyrannosaurus Rex, Wooly Mamr
—range in size from 2" to 6". Also ins'

build your own dinosaur land and Wo
Book. $5.00 Ppd. Order Stock No. 70,81'

Edmund Scientific Co., Barrington,
Jersey 08007.

I

Pocket-Size Microscope, Tefescop

New! Amazing 2-in-l combination of

power microscope and lO-power telescoi

one precision instrument. No larger tb

fountain pen — extra sharp focus at

range. Handy for sports (brings di

objects 10 times closer)—explore fascin;

world of microscopic organisms. Impo
S4.50 Ppd. Order Stock No. 30,059-E.

mund Scientific Co., Barrington. New J

08007.
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Space-Age Nickel Cadmium Batteries

Guaranteed rechargeable for 5 years. Use
in flashlights, portable radios, toy or flash

guns. Obsolete all cthersl Low-cost kit in-

cludes compact, highly efficient charger

and 2 "D" size Ni-Cd batteries. Power
output remains constant. I or 2 "D" or

C" size batteries charge in 16 hrs. $9.95

Ppd. Order Stock No. 60,591-E. Charger
only. $5.98. Stock No. 60.592- E. Two
"D" cells only. S5.98. No. 60.593-E. Ed-
mund Scientific Co.. Barrington. New Jersey

08007.

4
ivi/|Nature Kit At Tremendous Sav

We bought entire inventory of mfgr

discontinued production. Wonderful bi

for students of general science, bi

chemistry; experi mentors, hobbyists. K
eludes preserved starfish, horsefly, horn

I specimen each of metamorphic. sed

tary and igneous rock: pkg. shrimp

pks. diatomaceous earth; plastic rule;

ties and vials: stirring rod; 4';" fo

S2.25 Ppd. Order No. 70.862-E. E(

Scientific Co., Barrington. New Jersey 1



MAIL
ORDER SHOPPING MART

A selection of products available by mail for readers of Natural History
All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

EXCELLENT
tor

XMAS
GIFTS!

^ r,i^??!S^s: -

Amazing Spilbaus Space Clock

rtling, new scientific achievement. Auto<
icaiiy shews local &. Greenwich time,
IS, position of sun, moon, stars. 19 read-
> at a glance. U|)-to-date encyclooedia of
sky. Beautiful fruitwood case, 3 illumi-
id dials. Blends with any decor. Operates
house current. Requires only I simple
ing for any location. 16" high, x IM/a"
J, X 4' 2" deep. $250.00 F.O-B. Shpg. Wt.
lbs. Order No. 1202-E. Edmund Scien-
ce. . Barrington, New Jersey 08007.

New Popular Science Fun Chest
Here are Edmund's 9 top selling science
toys and curiosities in one fascinating low-
cost package. Hours of fun. Bargains galore.
Perfect gift item. Incl.: Radiometer; Bob-
bing Bird: Mercury Puzzle; Ceramic Mag-
nets; Burning Glass; Magnetic Dog &. Spin-
ning Ball; Diffraction Grating ; Pik-up
Ring; Booklet, "Astronomy and You". S5.50
Ppd. Order Stock No. 70.787-E. Edmund
Scientific Co., Barrington, New Jersey
08007.

Cor of the Future Here Now!
One of most impressive science toys we've
seen. Low friction air car rides a fraction
of an inch over any surface, including water.
Graphically demonstrates same principles
that apply to Ford's and Curtiss- Wright's
new wheelless aircars. Sturdy red and yellow
plastic. 8" wide. 9" deep, 2" high with 4"
propeller. Operates on 2 flashlight batteries
(not incl.). 48" control line, battery case.
S2.98 Ppd. Order No. 70.307-E. Edmund
Scientific Co., Barrington, New Jersey
08007.

New Binocular~To-Camera Holder
Fits any camera for exciting telephoto pic-
tures. 35-mm camera with 7x50 binocular
brings distant objects 7 times nearer. Ideal
for long-range photos of wild life, ships,
people, planes, etc. Attaches easily. Use
any binocular or monocular—and camera-
still or movie, color or black &. white. Gray
crinkle and bright chrome finish. 10" long.
Full directions. Si 1.50 Ppd. Order stock
No. 70.223-E. Edmund Scientific Co.,
Barrington, New Jersey 08007.

Plastic Model V-8 Engine

jrs of fun! Get thrill of building your
easily assembled engine from over 350

;. Then push starter and watch it run.
kshaft revolves, pistons move, valves
and close in sequence with spark plugs.
everything but burn oil. Vn scale,

ed in 4 colors. Same motor used in

auto-mechanic courses. Excellent, easy-
iderstand "tech manual". $10.95 Ppd.

No. 70,448-E. Edmund Scientific Co.,
ington. New Jersey 08007.

Accurate Home Weather Station

Handsome "Weather Station" highly sen-
sitive to weather changes. Thermometer
accurate to ±2°,o: barometer to ±.025",
hygrometer to zt5?'o. Foretells weather
changes from (2 to 24 hrs. in advance. Per-
fect gift—excellent for teaching weather
phenomena. Mounted on wood-grained wall
panel 15'/2" x 5^4". Meter cases heavily
metalized. High-precision dials in etched
aluminum. Full Instructions. $9.95. Order
No. 70.607-E. Edmund Scientific Co.. Bar-
rington, New Jersey 08007.

New! Static Bleetricity Generator
Sturdy improved model. Now see a thrilling
spark display as you set off a miniature
bolt of lightning. 2—9" plastic discs rotate
in opposite direction. Metal collector brushes
pick the static electricity, store it in the
Leyden jar type condenser until discharged
by the jumping spark. Stands II" high.
24-page instruction booklet included. $12.95
Ppd. Order No. 70.070-E. Edmund Scientific
Co.. Barrington. New Jersey 08007.

Black Light Magic-Glow Kit
Now collect fluorescent rocks, paint with
living light, write secret messages, learn
invisible detection methods even make a
fluorescent Christmas tree. Kit uses long-
wave block light causing fluorescence in
over 3.000 substances. Incl.; Magic Glow
Lamp, invisible water paints and ink, fluo-
rescent crayon, tracer powder, pen. 3 brushes
specimens of fluorescent rocks: wernerite.
fluorite. willemite. Book of 40 experiments.
SI4.50. Order No. 70.256-E. Edmund Scien-
tnic Co.. Barrington. New Jersey 08007.

ir-^ ^
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SO-1 50-300 Power Microscope
;ing value — 3 achromatic objective
s on revolving turret. Color corrected,
ited achromatic lenses in objective give
uperior results to single lenses found
mparably priced microscopes. Fine rack
nion focusing. Imported. $16.50 Ppd.
Stock No. 70.008- E. Mounted 500
Objective : Threaded achromatic
3mm F.L. $5.00 Ppd. Order Stock

10,I97-E. Edmund Scientific Co., Bar-
3n, New Jersey 08007.

Big Bargain—"Liff/e Gianf Pump"
Use this extra rugged miniature pump for
ad and Christmas displays, table fountain,
bird bath, photo darkrooms, etc. Continuous
pumping for long periods—even pumps mild
chemicals. Runs on household current.
Pumps 28 gallons per hour to ht. of I ft.

or II gallons to 2 ft. Maximum head 3 ft.
Bearings pre-lubricated with year's supply
of oil. 2 ',2" X 21/2" X 4" high. Wt. 8 oz.
S9.00 Ppd. Order No. 60.607-E. Edmund
Scientific Co., Barrington, New Jersey
08007.

Giant Sale—Surplus AInico Magnets
Save 66% to 90% of original cost. Terrific
bargain. We bought entire inventory of
famous mfr. who discontinued production.
Nine different types and sizes. Set of 18
assorted magnets includes "U". bar, cylin-
der — all of highest quality, two of each
type. Wt. l-tb. 2 oz. $4.00 Ppd. Order No.
No. 60.581-E. 3-lb. assortment of 18 as
shown plus variety of others— No. 70,827-E.
$10.00 Ppd. Edmund Scientific Co., Bar-
rington. New Jersey 08007.

Asfronomica/ Telescope Kits
Grind your own mirror for powerful tele-
scope. Kit contains fine annealed pyrex
mirror blank, tool, abrasives, diagonal
mirror, and eyepiece lenses. You build
instruments valued from $75.00 up.

stock No. Diam.
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HAPPY HOLIDAYS
ORIOLE-STYLE

"Give" Orioles for Holiday gilts! They'll flock

to gardens that have Oriole "Fun-Bars" ready
for them next season. These flashing beauties
love the natural wood perches, too (see

actual photo). Can't rust, cleans in a iifFy.

An unusual, heartwarming gift! Money back
guarantee and full instructions. Oriole "Fon-
Bar": $3.95 plus 32<:- p.p. In Calif, add 16e tax.

Sorry no COD's. HUMMINGBIRD HEAVEN^
6818-N Apperson St., TUJUNGA, CALIF., 91042.

EASY TO DO . . .

no special skills required.

EASY TO SELL . . .

because your creations are

different — no two need
be alike!

SELL your creations for 2 to 5 times as much
as you paid for them. Make jewelry in \our

spare time . .

.

This FREE CATALOG contains everything ^ \^\

you need . . . ALLOWS YOU to buy all the ^
parts and by adding your spare time helps ^^^^^
you create easy saleable jewelry. (j'^'^i
Start today . . . don't delay. Send for the ^^ [y^
hobbv-craft's biggest and best catalog. Get W J^
your FREE copy of GRIEGER'S CATALOG if I I

now. No obligation — contains over 10,000 A \

items . . . loaded with pictures. ^ *t
Act Tiou- .

.

. ar\d start earning big.f ^^
SEND FOR YOUR FREE CATALOG NOW

!

GRIEGER'S INC ,°ASADEN* CAL

JUST OFF THE PRESS

Free
Fall

Catalog

Hunters, Campers
and Fishermen will

find many practical

irems in our fully

illustrated Fall

Catalog. Shows
hunling foolweor,

clothing and other

specialties of

interest to both

men and v/omen.

Many items are

of our own
manufacture.

L. L. Bean, Inc.

346 Main St., Freeport, Maine 04032

Hunting, Fishing and Camping Specialties

82

Suggested

Additional Reading

THE EVOLUTION OF
CRICKET CHIRPS

Insect-Musicians and Cricket-Cham-

pions OF China. B. Laufer. Field

Museum of Natural History. Dept. of

Anthropology Leaflet No. 22. 1927.

Evolutionary Change in Cricket

Acoustical Communications. R. D.

Alexander. Evolution, Vol. 16, pages

443-467, 1962.

Insect Sounds. P. T. Haskell. Quad-

rangle Books, Chicago, 1961.

The Song of Insects. P. T. Pierce.

Quadrangle Books, Chicago, 1948.

WATER AND THE EVERGLADES
Across the Everglades: A Canoe
Journey of Exploration. H. L. Wil-

loughby. J. B. Lippincott Co., Phila-

delphia, 1898.

The Everglades : River of Grass. M. S.

Douglas. Rinehart & Co., New York,

1947.

Water Resources of Southeastern
Florida. G. G. Parker et al. U.S. Geo-

logical Survey Water-Supply Paper
1255, 1955.

SOME SYMBIONTS OF THE SEA
Symbiodinium gen. NOV. and Symbio-
dinium microadriaticum sp. nov.. a

Zoo.xanthella: Taxonomy. Life Cy-

cle AND Morphology. H. D. Freuden-

thal. The Journal of Protozoology, Vol.

9. No. 1, pages 45-52. 1962.

Problems of Growth and Calcium
Deposition in Reef Corals. T. F.

Goreau. Endeavour, Vol. 20, No. 77,

pages 32-39, 1961.

AxENic Zooxanthellae from Various
Invertebrate Hosts. J. J. A. Mc-
Laughlin and P. A. Zahl. Annals of the

Neiv York Academy of Sciences, Vol.

77, No. 2, pages 55-72. 1959.

Scientific Reports. Great Barrier

Reef Expedition 1928-29. C. M. Yonge
and A. G. Nicholls. British Museum
(Natural History) , Vol. 1. 1930-31.

ALLIGATOR
The Alligator's Life History. E. A.

Mcllhenny. Christopher Publishing

House. Boston. 1935.

THE ENDURING INDIAN
American Indians. W. T. Hagan. Uni-

versity of Chicago Press, Chicago,

1961.

Indians and Other Americans. H. E.

Fey and D. McNickle. Harpers, New
York, 1959.

The Indian Today. Midcontinent Amer-
ican Studies Journal, Vol. 6, No. 2,

Fall, 1965. University of Kansas,

Lawrence.

HAPPY HOLIDAYS
HUMMINGBIRD-STYLE ]

For a really different Holiday treat thh
year, give your family and friends genuine <

"Hummy-Bird Bars"?\ Watch jewel-like Hum-
mingbirds rest on real wood perches anci
dine "family-style" 4-at-a-time (see actuo'
photo). Allows no other birds or bees, no drip
or rust, is so easy to clean. The gracious gift
Guaranteed. Full instructions. $2.95 plus 24f
p.p. In Calif, add 12e tax. Sorry no COD's
HUMMINGBIRD HEAVEN, 6818-N Apperson St.

TUJUNGA, CALIF., 91042.

ADVENTURE

POSTPAID

fRtt

cov-OR

SAVE

ESCAPE FROM
THE ORDINARY

THROUGH 80 PAGES

OF EXCLUSIVE

EXCITING SPORTS

CLOTHING AND EOUIP.

MENT FOR ACTIVE

OUTDOOR MEN AND

WOMEN! JUST OUT!

SEE HOW YOU CAN
SAVE UP TO ONE.

THIRD ON DISTINCTIVE

IMPORTS AVAIUBLE
EXCLUSIVELY THROUGH
NORM THOMPSON.

MOST EXTRAORBINARY

CATALOG OF ITS

KIND ANYWHERE!

ON DIRECT
IMPORTS FROM

BRITAIN

NORM THOMPSON
1S05 N.W. Thurman • Portland, Ore. 97209, Oept.3G

CATCH ANIMAL
RAIDERS!

Take them alive

and unhurt!

Foolproof HAVA-
HART traps capture
squirrels, rabbits,
chipmunks, mice, rats, opossums, skunks, animi
nuisances of all kinds. Take mink, coon withoi
injury to animal or pelt. Sizes for all need
Easy to use. No jaws or springs to break. Harn
less to children, pets, poultry. Galvanized; man
in use 20 years. Write for practical guide wit
trapping information.

Catchss more!
Easy to umI

HAVAHART
158-N Water Street, Ossining, New York 105(

Please send me FREE new 48-page guide an
price list.

NAME
ADDRESS- _ZIP_



Christmas C^rds
WHILE '

THEY LAST!

The art work of the world-renowned artists John James Audubon, his son John Woodhouse Audubon,
'^ouis Agassiz Fuertes, and J. Wolf reproduced as your Christmas Greeting Cards.

Each subject is boxed 25 to a box
Orders for 1 00 cards

I. Green Toucan—From an original water color by Louis
Agassiz Fuertes. SVk" x 4V4"—Message—"A Merry Christmas"

1. White-tailed Deer—From an original oil painting by John
Woodhouse Audubon. 4" x 5V'2"—Message—"Season's Greet-
ings"

. Greater Bird of Paradise—From a lithograph by J. Wolf and
I J. Smit. 6%" X 41/2"—Message—"A Merry Christmas and A

Happy New Year"

. . . $3.00 plus 250 mailing charge
. $1 0.00 plus 750 mailing charge

D. Kaibab Squirrel—From a diorama in the Small Mammal
Corridor. 6%" x 4V'2"—Message—"Merry Christmas"

E. Herring Gull—From an aquatint engraving in THE BIRDS
OF AMERICA by John James Audubon. 5V2" x 3W'-Mes-
sage—"A Merry Christmas"

F. Cock-of-the-Rock—From an original water color by Louis
Agassiz Fuertes. SVi" x 6%"—Message—"Merry Christmas"

CARD QUANTITY

The American Museum
of Natural History

Central Park West at 79th St.

New York, N.Y. 10024

AMT.

TOTAL

Name

Address,

City_ .State

^

.Zip Code.

Members of The Museum are entitled to a 10% discount. Please
add local taxes where applicable.



Ev Sherrick was a"test pilof'at tweKe.

Today he tests materials to make cars s^er.

Seven years before the "Spirit of St.

Louis" landed near Paris, young Ev
Sherrick was launching his first plane
—a home-made model, powered by
an outsized rubber band. His goal:

to design the plane to fly as long as
the power would last and to ensure a

safe landing.

Now, some forty years later, as
Chief Analyst of the Power Develop-

ment Stress Lab at GM's Technical

Center, Everett Sherrick is still con-

cerned with safe "landings"— safe ar-

rivalson highways, instead of skyways.
Ev started his GM career in 1925

with Cadillac Division as a draftsman,
with emphasis on camshaft and crank-

shaft design. During World War II, he
specialized on structural analysis for

aircraft engines with GM's Allison

Division. Today, he heads up a group
of engineering specialists who test

for stress. . . study structural strength

of durable materials day in and day
out. Their tests are exhaustive, in-

tensive and continuous . . . solely

designed to put safer, stronger more
reliable cars on the road.

We count on people like Ev Sherrick.

They make General Motors tick.

General Motors is people making better tilings for you.

GM
MARK OF EXCELLENCE
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Eniwetok Revisited

Jungle Gods of San Agustin



When NA/eeds \A/in,

people lose

If it weren't for weeds,

farmers could grow a

big extra helping of food

for a world haunted

by hunger. That's why
Monsanto scientists

have created an array of

chemicals that can weed

the world's fields even

better than the job can

be done by hand.

Monsanto

It takes a talented chemical to destroy

weeds without injuring the good grains

growing in the very same soil. There
still aren't enough of the "star" weed-
fighters. That's why Monsanto scien-

tists test thousands of different chemi-

cals every year.

Out of Monsanto's research has come
a herbicide that's helping rice growers
increase yields as much as 2,000 pounds
per acre. Still another widely used
Monsanto herbicide has demonstrated
that by controlling weed competition,

it can mean up to 15 more bushels of

corn, up to 5 more of soybeans, per acre.

Because Monsanto solves problems—
farmers grow more, rubber lasts longer

and plastics are even stronger. In over

90 countries, the Men from Monsanto
stand ready to help you.



Bill sparked his school football team...

now he calls signals on aGM assembly Une.

Jl ' M
m "T* « % ^,__

*, %

Bill Geshwiler is a IVIethods Engineer,
quarterback of the engine assembly
line for Buick at Flint, IVlichigan.

He works with miniature men and
machines on a three-dimensional
board, an actual facsimile of the
plant. By moving, changing, arrang-
ing and rearranging, he coordinates
and balances men and equipment for

peak efficiency and productivity. He
evens the individual work load so that
a smooth, orderly production flow is

maintained all the. way along the
assembly line.

Bill has always been a quarterback
—in grade school and high school at

Beech Grove, Indiana, near India-

napolis. The fact is, he made the All-

State football team in 1954. Passing
up scholarships at two universities
and an appointment to a service acad-
emy, he decided instead on the Gen-
eral Motors Institute in Flint, and was
graduated with an engineeringdegree.

He's the kind that could make any
team, but we're glad Bill Geshwiler is

in the General Motor's lineup.

General Motors is people making better things for you.
MARK OF EXCELLENCE
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COVER: A Lee Boltin photograph of Basil Ede's painting of a winter group of

Eastern Evening Grosbeaks, Hesperiphona vespertina, is shown on this month's

cover. A review with full-color reproductions of nine other Basil Ede paintings

begins on page 32. In the winter in the eastern part of the country, Evening Gros-

beaks-which are colonial feeders-may travel in small groups, as portrayed in

the painting, or in large ones containing a hundred birds. The group here is

composed of a female and three males. The female, although generally duller,

has more white on wings and tail. All grosbeaks have large, cone-shaped bills.

The American Museum is open to the public without charge every day

during the year. Your support, through membership and contributions,

helps make this possible. The Museum is equally in need of support

for all of its work in the fields of research, education, and exhibition.

Publication Office: The American Museum of Natural History, Central Park West at 79lli Street, New York,

N Y 10024. Published monthly, October through iVlay : bimonthly June to September. Subscription: S7.00 a

year In Canada, and all other countries: 87.50 a year. Single copies 8.70. Second class postage paid at

New York, N. Y., and at additional offices. Copyright, 1966, by The American Museum of Natural History.

No part of ibis periodical may be reproduced without the written consent of Natural Histoby. Unsolicited

manuscripts and illustrations submitted to the editorial office will be handled with care, but we cannot assume

responsibility for their safely. The opinions expressed by authors are their own and do not necessarily reflect

the policy of The American .Museum. Natuiiai History is indexed in Reader's Guide to Periodical Literame.



The Only Camera That Solves All the

Exposure Problems in Nature Photography:

Introducing the Beseler Topcon D-1

JX,

TELEPHOTO:
make distant

subjects close.

Use a D-1 with
this Beseler

Topcon 100mm
f/2.8

WIOEANGLE and
F[LTER: get

breadth, space,

perfect cloud
rendition witi"

this Beseler

Topcon 25mm
f/3.5 and Y-2

filter

CLOSEUP: fill

the entire D-1

viewfinder with
an insect's eye; use

this Beseler Topcon
135mm f/4 Macro
with Focusing

Ext. Tube

LENS
INTERCHANGE:
get every shot; m
only 3 seconds
change from the

normal 58mm f/1.4

(top) to the 200mm
f/5 6 (bottom)

LIGHT CHANGE: get

instant reaction to

all light changes
with the

Beseler Topcon
Patented

Meter-in-

the- Mirror

There are 5 situations in nature photography that require special exposure handling:

1) using a telephoto lens, 2) using a wideangle lens, 3) using filters, 4) making extreme

closeups, 5) compensating for light changes as the changes occur. The ONLY camera to

give you absolutely perfect pictures in these 5 situations, or any combination of them, is

the new Beseler Topcon D-1.

An exposure meter built in behind-the-lens (the Patented Meter-in-the-Mirror) operates

with all lenses, filters, attachments, types of light, tubes, extensions, films. It tells you the

100% correct exposure for a snow-capped mountain at 40 miles, or an insect's eye at 1 inch,

or a passing flight of birds. This exclusive D-1 exposure system reacts INSTANTLY to light

changes and automatically tells you the very moment the change occurs.

;cS)''\\
'^

The only camera designed for nature.

The Beseler Topcon D-1 is incredibly

accurate. It is the smoothest-working,
fastest-operating 35mm single-lens-reflex in

existence (interchange lenses in 3 seconds).

It is a magnificent instrument, gives you in-

escapably beautiful pictures — all the time.

It is the only camera designed for nature.

Beseler Topcon D-1

Camera shown is with 58mm f/1.8 Topcon
Automatic. Under $269.50. At better stores

or write Charles Beseler Company, Dept. 17,

East Orange, New Jersey 07018.



DO YOU
THINK

YOU COULD
READ

THIS TYPE
FROM A
DISTANCE
OF 30 FEET
WITH YOUR
PRESENT

BINOCULAR?

You could with the new Zeiss Dialyt 8 x 30 B ... and with absolute clarity,

with or without eyeglasses.

The big difference is not enlargement but optical quality.

Shouldn't you look into it? „

Write for our complimentary booklet, "How to Select the Right Bmocular.

Carl Zeiss, Inc. Dept.NH,444 Fifth Avenue, New York, N.Y. 10018

ZEISS
THE GREAT NAME IN OPTICS

ABOUT

Gerardo Reichel-Dolmatoff

When the first of several nuclear

devices was detonated on Eniwetok

Atoll in the southern Pacific in

1948, Michael Berrill had just

celebrated his fourth birthday. Re-

cently this young biologist spent

three weeks exploring the islands

and reefs of Eniwetok in conjunc-

tion with academic work at the

University of Hawaii. His visit re-

sulted in "Stillness on Eniwetok."

Mr. Berrill is currently working on

his Ph.D. in biology at Princeton,

studying the comparative behavior

of several species of marine mysid

shrimp. He received a B.S. from

McGill, an M.S. from the Univer-

sity of Hawaii, and spent an addi-

tional year in Hawaii as a Woodrow

Wilson Fellow. This past summer

Mr. Berrill worked in Jamaica at

the Port Royal Marine Laboratory.

Marc Roth wrote "The Allure

of the Female Mosquito" along with

his father, Louis M. Roth, who

heads the department of ento-

mology at the U.S. Army Natick

Laboratories, Natick, Mass., and

Thomas Eisner, Professor of Biol-

ogy at Cornell. A Cornell graduate,

Marc Roth had formerly been em-

ployed by the Canadian govern-

ment's Insect Pathology Research

Institute, and now works for the

U.S. National Museum in Washing-

ton, D.C. Dr. Louis Roth, who holds

a doctorate from Ohio State, is au-



Marc Roth Thomas Eisner

THE AUTHORS
Louis Roth

Basil £,ae

thor of numerous papers in ento-

mology. One of his main research

interests centers on the biology of

cockroaches. In addition to teach-

ing. Professor Eisner conducts re-

search on the physiology, biochem-
istry, and behavior of insects. He
received a Ph.D. from Harvard and
has written over seventy articles,

several of which have appeared in

Natural History. His article on

defensive secretions of beetles ap-

peared in our February issue.

Basil Ede, artist of the bird

paintings reproduced in this issue,

was born in Surrey. England. He
studied art and architecture at St.

John's School and at Kingston
School. In 1956 Mr. Ede sold his

first paintings and two years later

gave his first London exhibition.

He gave several more shows in the

next few years and enjoyed wide
critical acclaim. In 1964 Mr. Ede's

first American exhibit was held

at the Smithsonian Institution in

Washington. The Atlantic Natural-

ist said, "The paintings are distin-

guished by a brilliant mastery of

texture and color." Thirty-six of

his paintings were reproduced in a

book. Birds of Toivn and Village,

published in 1965. Mr. Ede's style

and technique were influenced by
several trips to Japan.

Gerardo Reichel-Dolmatoff,
author of "Jungle Gods of San

Harold Gilliam

Agustin," was born in Austria and
educated in Vienna, Munich, and
Paris. He has been a resident of
Colombia since 1939, when he
helped organize anthropological re-

search in that country. He has been
a Government Anthropologist for

almost twenty years and is now
Chairman of the Department of

Anthropology, University of the

Andes, Bogota. Dr. Reichel-Dolma-
toff has written several books on
Colombian Indian cultures and was
elected an Honorary Fellow of the

Royal Anthropological Institute.

He has received an honorary doc-
torate, and was awarded high gov-
ernment distinctions for services to

his country.

Harold Gilliam is the author of

"Tree of Light," an excerpt from
his forthcoming book. The Natural
World of San Francisco. A native

Californian, Mr. Gilliam has writ-

ten many books on San Francisco.

He holds an M.A. from the Univer-
sity of California at Berkeley and
has also studied writing under
Wallace Stegner at Stanford. Mr.
Gilliam has worked on the San
Francisco Chronicle and the San
Francisco Examiner, has taught at

San Francisco State, and has been
a member of the city's Art Commis-
sion. For some time, he served as a
special consultant to Secretary of

the Interior Stewart Udall.

STEAM
ENGINE

fg-

This fantastic little 1/50 HP engine
is a perfect model of the famous
English Boiler Engine, in continu-
ous operation since 1798. True to

life boiler house, brass cylinder and
piston, safety valve and dome whis-
tle. Antique varnish. Runs like mad
on drops of alcohol. Comes with
fuel and instructions. $14.98

2 for $27.50 plus $1.00 post.

ROCK
POLISHER

The original Thumler's Tumbler
puts a gleaming finish on rocks,
glass pieces, coins, also fishing
lures and shell casings. A fascinat-
ing hobby, apractical machine, and
great fun. Handles 6 lbs. of rock or
50 30-30 casings. Complete as il-

lustrated. $19.95 plus $1.00 post.

Starter kit. Contains 2 sets of

abrasives, prepolish and pair
of extra liners $ 3.93
Victors Tumbling Manual . .$ 2.00

Ship
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from Micro

to Astro
From micro to astro, there's an
infinite universe to explore with
the aid of a responsive Yashica
35mm single lens reflex and its

variety of interchangeable
lenses and accessories. Superior
design and construction, includ-

ing such options as thru-the-

lens exposure control, bring the

fascination of truly creative

photography within reach of all.

TL Super with thru-the-lens expo-
sure, automatic f/1,4 lens, under
$260; with f/1.7, under $225. 1-7

with external CdS meter, automat-
ic f/1.4 lens, under $220; with
f/1.7, under $185. J-P with auto-
matic f/2 lens, under $140; with
preset f/2.8, "under $110; clip-on
CdS meter, $25.

YASHICA
YASHICA INC

.
50-17 QUEENS BOULEVARD.

WOODSIDE. NEW YORK 11377 Dept.O
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The imm0talholly tree
By Dorothy Jacob if

J

IT
is passible that the holly was the

first tree of which intelligent man
took conscious cognizance, but we must

go back before the dawn of history to

look for the evidence. History as we
know it only began when man devised a

means of communicating and recording

events by signs scratched on stones,

which he much later elaborated into

writing. Before that, all history is in-

herited memory, or folklore—composed

of legend, belief, memory, and imagina-

tion stored up and passed down from

generation to generation.

The belief that trees contained liv-

ing souls and individualities was uni-

versal throughout the Old World.

Man's earliest known form of recogniz-

able worship (we must exclude the

primitive instinct that made the sun

his first god) was the worship of trees.

Of these, three trees reigned supreme:

the oak, the ash, and the holly. The one

that seemed to affect man most strongly

in his mental development was the

hoUy; it was probably his earliest in-

timation of immortality. When many
other trees apparently died, holly re-

tained its green growth. Moreover, it

annexed the sacred color of fire, which

belonged to the sun. and reproduced

itself by means of its scarlet seed.

Holly was believed to be so powerful

in its magic that it came to be looked on

as a protector, especially in England

and Scandinavia and probably through-

out Europe. Man. in time, made his

dwelling in places where there was an

abundance of holly. English place-

names such as Holmesdale. Holmwood,

or Holmfirth mean places where much
holly grew. The old country names for

holly were holm or hulver and were de-

rived from the Old English holen. In

recognition of its strength and vigor it

was gradually given a new status and

was designated as masculine. Later, the

ivy, of newer lineage than the holly,

was accepted as feminine.

As the centuries passed, this became

a standard belief. We meet it again and
again in ancient songs, legends, and
writings. The carol:

Oh the holly and the ivy

When they are both full grown,

Of all the trees

that are in the wood
The holly bears the crown.

is based on an older one first heard in

the reign of King Henry VHI. The
earliest known reference to holly in an

English carol is in one of Henry VI's

reign, which says:

Nay, ivy. nay.

It shall not be, I wys.

Let Holly have the master,

as the manner is.

Holly stand in the Halle,

fayre to behold

;

Ivy stand without the door;

She is full a'cold.

The spiny type of holly is tradition-

ally lucky for men, while the smooth-

leaved variety without any prickles

brings good fortune to women. Again,

tradition has it that whichever type is

brought into the house in greater quan-

tity at Christmas determines whether

the man or woman in the house will

have the mastery throughout the year.

So strong was the conviction of the

powers and attributes of the holly that

until quite recent times—within the

last 200 years—the austerities of Lent

were begun with the ritual burning of

male and female effigies: the "man"
made from holly and known as the

"holly boy," and the woman made of

ivy and called the "ivy girl." Holly's

association with paganism was so in-

grained that for hundreds of years its

use as a Christmas decoration for the

churches was forbidden throughout

Europe.

During the great December festival

of the Roman Saturnalia at the winter

solstice, which preceded our Christian

Christmas, it was the custom for the



GIFTS FOR CHRISTMAS

The Original Water-Color Paintings
by John James Audubon
for The Birds of America

a grand retrospective of Audubon's art . . . The
431 plates are magnificent, clear and carefully repro-
duced . .

." ELIOT FREMONT-SMITH, New York Times
Full-color reproductions illustrate 1,060 birds (nearly
500 species) Two magnificent volumes, 11 x 14", boxed

* Sounds of Nature
Produced by the Cornell Laboratory of Ornithology
and the Federation of Ontario Naturalists.
An exceptional series of nature recordings designed
for the study and enjoyment of the out-of-doors.

The Stars
by H. A. Rey
"The pictorial method of teaching at its best . . . Al-
most certain to become standard equipment among
amateur stargazers." —N. Y. Times

*The Peterson Field Guide Series
Edited by Roger Tory Peterson
A comprehensive series of guides that has revolution-
ized identification in the field of natural history.

Birds of the Northern Forest
Paintings by J. Fenwick Lansdowne
Descriptive text by John Livingston

A collection of brief profiles and magnificent portraits
of 56 of our most characteristic birds.

Exploring Our National Wildlife Refuges
by Devereux Butcher
Designed to help those who love the out-of-doors en-
joy fully a visit to any of our wildlife refuges. 111. Rev.

Enjoying Birds Around New York City
by Robert S. Arbib, Jr., Olin Sewall Pettingill, Jr.,

and Sally Hoyt Spofford
An indispensable guide to birds throughout the North
East for both a new and an experienced birdwatcher.

*Write for complete catalogue to Houghton Mifllin Company

To your Bookseller, or Houghton Mifflin Company, 2 Park Street, Boston, Mass. 02107

Please send me the books checked below

I I

check enclosed

Name

Street
.

City

bill;

State

Zip-

1(1(1 any city or st.Mt(? t:iN)

The Original Water-Color Paintings 75.00
Exploring Our National
Wildlife Refuges 6.50 cloth

3.85 paper
Q The Stars 6.00
n Birds of the Northern Forest 20.00
D Enjoying Birds Around N.Y.C. 4.50 cloth

2.45 paper

Peterson Field Guides
n Birds 4.95
n Western Birds 4.95
G Atlantic Shells 4.95
G Mammals 4.95
G Pacific Shells 4.95
G Butterflies 4.50
D Rocks and Minerals 4.95
G Birds of Europe 6.00
D Animal Tracks 4.95
D Ferns 4.50
D Trees and Shrubs 4.95
G Reptiles and Amphibians 4.95
Q Birds of Texas 4.95
G Rocky Mountain Wildflowers 4.95
D Stars and Planets 4.95
G Western Reptiles and Amphibians 4.95

Sounds of Nature
G Bird Songs in your Garden 6.95
G Songbirds of America 6.95
lU Dawn in a Ouckblind 6.95
G American Bird Songs, Vol. I 7.75
[j American Bird Songs, Vol. II 7.75
G A Field Guide to Bird Songs (2) 10.95
G A Field Guide to Western Bird

Songs (3) 12.95
D Thrushes, Wrens and Mockingbirds 5.95
D Finches 5.95
D Warblers 5.95
n A Day in Algonquin Park 5.95
Q Prairie Spring 5.95
D Songs of Spring 5.95
Q An Evening in Sapsucker Woods 4.95
D Music and Bird Songs 5.00
n Voices of the Night 6.75
n The Songs of insects 7.75
D Mexican Bird Songs 7.75
n A Day at Flores Moradas 5.95
G Voices of African Birds 7.75
C More Voices of African Birds 7.75



xNoRM THOMPSON OUTFIHERS TO SPORTSMEN THE WORLD OVER brings you the

finest sports clothing and equipment from the markets of the world. Each unique item is

laboriously field tested to assure your complete satisfaction. Know the pleasure of havmg

the best with fully guaranteed offers.

AVAILABLE ONLY BY MAIL EXCLUSIVELY AT NORM THOMPSON.

SOLD

ONLY BY

MAIL

WATERPROOF OVER-THE-
SHOE BOOTS

We guarantee they will keep

your shoes and pants dry with

their 10" fold-over top of

stretchy, vinyl rubber. Just fold

the top to the desired height

and snap it snugly around your

leg. They're the easiest over-

boots to pull on and off, be-

cause the tops un-snap to open

extra wide. Amazingly light-

weight and flexible, they are

comfortable on and fold to a

compact, easy-to-carry pack-

age. These boots are so dur-

able with acid and oil -resis-

tant, ribbed soles, we guar-

antee 5 years normal wear.

When ordering, give us your

regular shoe size.

Color: Black. Price $5.00 ppd.

2 pair for only $9.00 ppd.

SHEARLING MOC

These are the most luxurious

moccasins you have ever worn

are beautifully crafted of the

finest deerskin, tanned to sup-

ple perfection, permanently

bonded with soft, fleecy lamb-

skin and laced with rawhide.
They are hand-cut. hand-
formed and hand-sewn, giv-

ing you the optimum in a

warm, comfortable si ipper.

The natural animal skins
breathe away foot moisture

for continuing all day com-

fort. They come in palomino

tan and all regular Qien's and

women's sizes. Price . . .

$10.50 ppd. 2 for $20.

SPACESETTER WALLET THE NEVi^

SHIKARI
KIT BAG .-^f/

•*v-.

'^

GENUINE IMPORTED WATER BUFFALO— A NEW REVOLUTIONARY

SLIM-TRIM WALLET SO CONVENIENT, SO COMPACT, YOU'LL NEVER

CARRY THE OLD-FASHIONED KIND AGAIN. It measures just ZVz" x

a'A", and crammed full is only a half-inch thick. It features a 16-

window slip-out card-holder and a sturdy clip for folding money.

Made from genuine Water Buffalo hide, a rugged, beautiful leather

that will give you years of handsome service. Available in black or

brown. $5.00 ea. postpaid. Order two for only $9.00 postpaid.

Incredibly ^T^^
lightweight, m. \ y
this sturdy W \ /
bag is as •" \

much at I

home on a ^

—

-J

jetliner as lashed to the back of a camel.

It is made of the strongest water repellent

canvas available, and reinforced with leath-

er bands. The Grip- lock handles, name-
plate and end resters are of the finest

cowhide. Jam-proof zippers seal the main
compartment and side pocket. Web straps

and nickel end loops for lashing down and

securing equipment add to its versatility.

Beige with brown leather trim, it's 30"

long and weighs only 36 oz. $17.50 ppd.

GUARANTEED THE SHARPEST KNIVES YOU HAVE EVER USED OR YOUR MONEY BACK!

RklOR BLADE STAINLESS

EXECUTIVE
' POCKET KNIFE

RAZOR BLADE
STAINLESS STEEL

The perfect knife for every

business man. It's only

Va" thick and weighs only

1 Vi 02. ,
yet contai ns

three essential tools... A "Razor-
blade stainless steel" blade so

sharp you can shave with it ... A nail file with

triple-cut surfaces . . . and an incredible pair of

super-sharp scissors. The handsome case is bur-

nished stainless steel, and measures ZVt" long.

it's really a dandy

—

$8.00 postpaid, 3 for $22.

K-77 POCKET KNIFE

Hand honed, precision adjusted blades of

PREMIUM RAZOR BLADE STAINLESS STEEL
give amazing cutting quality. It's guaranteed

to be the sharpest knife you have ever used.

The handle is unbreakable Stagalon. Top

quality materials and Schrade-Walden crafts-

manship assure this knife's superiority. 3Vi"
long closed. You have to use it to believe it.

$5.00 postpaid. Two for $900 postpaid.

SEND ROR OUR FREE 80 PAGE COLOR CATALOG.
EXTRAORDINARY SAVINGS ON THE FINEST IM-

PORTED SPORTS CLOTHING AND EQUIPMENT
DIRECT FROM THE MARKETS OF THE WORLD.
Each unique, quality item is fully guaranteed.

Everything from sporlcoats, down jackets, sweat-

ers and slacks to knives, boots, luggage and
hundreds of other exciting items are available . . .

exclusively at NORM THOMPSON OUTFITTER TO
SPORTSMEN THE WORLD OVER.

NORM THOMPSON <it^
1805 N.W. THURMAN • PORTUND, OREGON 97209 • DEPT. 70

Quantity Item No. Item Name Price
\TAV

SUPERIOR SCISSORS SET
SHEFFIELD

OlVl'*''*^ INLAID
STEEL BLADES

n Please send free color catalog. D Check enclosed for_

Name

Add ress

-Zip-

With inlaid blades of specially tempered
stainless steel, this beautiful set of scissors

will give you a life-time of sharp, rust-proof

service. Their gold-tone bows are contoured

for comfort and their superior cutting
strength is combined with easy action spring.

A pair of 7" heavy-duty shears and a pair

of 6" precision scissors in a gold finish vinyl

case comprises this versatile set ... a great

gift . . . J6.50 per set postpaid. Order two
sets for just $12.00 postpaid.

Romans to express their good wishes to

their friends by sending them branches

of holly. In the rites and festivals of

the winter solstice, holly played a most

conspicuous part, especially in the

northern countries. Its brilliant, spar-

kling leaves and gay berries made it

the obvious choice for decoration. The

winter solstice was the birth of the new
sun—the turn of the year—a symbol of

primitive man's early worship when he

discovered the sun to be the source of

his heat and light. The birthday of this

universal god was in midwinter, when

the sun began the renewal of his

warmth. Later, this new sun evolved

into the Persian god Mithra. His cult

was immensely popular, and many of

our Christmas rites and festivities have

been borrowed from the Mithraic wor-

ship. In fact, Christianity ran so close

to it, it was at times confused with

Mithraism. The disciples of Zoroaster—

the fire-worshipers—believed the sun

never shadowed holly. Remnants of

this sect still remain in Iran and India

and are said to throw water impreg-

nated with holly bark into the face of a

newborn baby.

At a place called Butley, located in

the county of Suffolk. England, there

is a small wood, the remains of a vast

forest, thousands of years old, that once

almost covered the county. It is com-

posed entirely of the three magic trees

—the oak, the ash, and the holly. Al-

though it antedated the Druids by

many hundreds of years, there is no

question that they annexed it for their

rites and ceremonials, for they always

established their "groves" where the

magic trio was already growing. The

trees in that wood are so dwarfed,

twisted, and shrunken as to have lost

all claim to arboreal reality. Their

vigor and beauty have long since left

them. No ray of sunshine can penetrate

the thick mat woven from their inter-

laced and diseased boughs.

In this still Living wreckage the domi-

nant tree is the holly. So vigorous and

tenacious is it that, even where age has

destroyed the oaks and ashes, holly still

sows its seeds and renews its life with

fresh saplings that grow in the broken

trunks of its weaker partners.

Crown of Thorns

As the centuries passed, tree wor-

ship, Roman orgies, druidical rites, and

other celebrations faded, leaving only

December's great Christian festival,

which included parts of the earlier

celebrations. Throughout this kaleido-

scopic change in practices and beliefs,

holly, the emblem of gaiety and good-

will, maintained its place. Eventually

even the church acknowledged it, and

with this sign of approval it gained the



Look what Swift can do
for your V.I.P.

gift list!

TRITON

A nice lightweight (23 oz.) binocular like Swift's 7X,35

Triton malies an ideal gift for the non-specialist. Good
performance for touring and general study of wildlife,

easy to carry, easy to pack, and remarkably low-priced

for an instrument that gives you such all-round perform-

ance. Gift boxed. $57.75.

SARATOGA

Swift's 8X,40 Saratoga gives you extra power with a good
field (393 ft.). It's a compact instrument, designed for

the enthusiast who wants high performance at a moder-
ate price. It weighs less than 25 ounces. Gift boxed.

$63.95.

SWHW^
SWIFT INSTRUMENTS, INC.

Dept. NH-12

Boston, IVIass. 02125 • San Jose, Calif. 95106

AUDUBON
This is the finest binocular ever built for nature study. Originally de-

signed for expert ornithologists, it gives you extra power (8.5X), extra-

wide field (445 ft.), and extra-close focusing (9 ft. to infinity). Its

unusual brilliance (light efficiency factor: 44!) is unmatched in any
other high power binocular . . . shows details even at dawn and dusk
or when object is in deep shadow. Gift boxed. $132.00

TELEMASTER

DELUXE
INOOOROUTDOOR

Here is one of the most powerful and versatile

prismatic telescopes ever designed for amateur use
... the Sv«ift Telemaster. It zooms from 15X to 60X
as you roll the power control with one finger. Attach
a simple adapter and you're ready for telephotog-
raphy with any of ten popular single lens reflex cameras. Use color, black
and white, or infra-red film. Scope mounts on Swift table-top tripod or

any standard camera tripod. A magnificent gift for the true enthusiast.

Telemaster, gift boxed: $135.00. Swift tripod: $30.50. Case for scope and
tripod: $23.00.

DELUXE INDOOR-OUTOOOR — You'll find no handsomer indoor-outdoor ther-
mometer anywhere than Swift's deluxe model. Gleaming gold-finished
aluminum frames a solid block of hand-rubbed Honduras mahogany, on
which are mounted a pair of extremely accurate spirit thermometers.
4 ft. armored capillary permits mounting away from window. Gift boxed.
$9.95.

THE NAME OF YOUR NEAREST SWIFT DEALER IS YOURS ON REQUEST OR, WRITE FOR ILLUSTRATED BROCHURES.



Now you

don't have

to pay

^300 for

a fine

35mm
reflex

minoHc^, ___^f^W

m9
You can easily pay S3 00 (or more) for a

top-quality 35mm reflex camera. Now
Minolta puts one in your hands for less

than SI 55 (plus case). The Minolta SR-1

( Model V ) doesn't oiler all the features of

our S335 reflex ... but it shares the

same advanced engineering, superb crafts-

manship and Roklcor lens quality. Major
features of the Minolta SR-1 (Model V)
include: 6-element Auto-Rokkor lens;

speeds to l/500th sec; microprism finder

and provision for an optional CdS meter.

The deluxe Minolta SR-7 (Model V) has

a built-in CdS meter and shutter speeds to

1/lOOOth sec. It's priced from under S200

( plus case ) . At your dealer or write for

colorful brochure and free technical bul-

letins to: Minolta Corporation, 200 Park

Avenue South, New York, N.Y. 10003.

economical

Minolta

SR Model V's

name of the "holy tree" from the leg-

end that holly, not hawthorn or bram-

ble, was used for the crown of thorns.

Also, it was now constantly planted in

churchyards— particularly in England

and Scandinavia—because of the belief

that marauding witches and spirits fre-

quently concocted spells there. This

seemed to admit its pagan-designated

power as a protector. For by now, the

witch was in the ascendent, and protec-

tion against witchcraft was essential.

Holly was anathema to witches. It was

potent against any form of evil but

most particularly in averting witch-

craft. For this reason it became usual

to plant a holly close to dwellings and

stables, to protect the inhabitants. Even

a witch who customarily made her

home in a hawthorn or an elder could

not be induced to live in a holly tree.

There were three reasons for its po-

tency as a witch antidote: its aura of

powerful magic; its reputation for holi-

ness; and its red berries, for no witch

could face red (fire) in any form.

Superstitions

and Cliristmas

Inevitably, many superstitions grew

up about holly, particularly in connec-

tion with the Christmas festivities.

Green (fresh) holly must never be

burned; to do so may result in a death

in the house. Nor must it be brought

into the house for decoration before

Christmas eve. Equally important, it

should be taken down before Twelfth

Night (January 6) with all the other

Christmas greens, or the dire result will

be a houseful of goblins. The poet Rob-

ert Herrick (1591-16741 is most insist-

ent about this:

Down with the rosemary, and so

Down with the Bales and Mistletoe;

Down with the Holly. Ivie all

Wherewith ye dressed

the Christmas Hall.

That so the superstitious find

Not one least branch left there

behind:

For look, how many leaves there be

Neglected there, maids trust to me
So many goblins you shall see.

It is unlucky to stamp on holly ber-

ries or to bring holly into the house

when it is in flower. If the first person

to enter a house on New Year's day

should bring a branch of holly with

him, he must make sure it is the male
species, as anything female will bring

bad luck to the house. Poor Robin's Al-

manack ior (Christmas) 1695 tells how
"With holly and ivy so green and so

gay. We deck up our houses so fresh as

the day."

Its popularity as the main Christmas

decoration has never lessened and has

Overseas
Nature Tours

-1967-
For six years we have been organizing group

trips to investigate the natural history of Europe,
Africa and the rest of the world. Chief purpose
so far has been lu see birds, including as many
rare and difficult species as possible. However,
a fuU ecological picture is sought, with attention

to botany, geology and archaeologv where appro-
priate. Here is the program for 1967.

- EUROPE -
NORTH WITH SPRING ON THE CONTINENT:

Slart in southern France and move north with
bird nesting and spring flowers in Switzerland,
Austria, Germany and Holland. Next tour in May
1967. Four weeks.

BRITAIN: Nature highlights of England, Wales
and Scotland at peak of bird nesting season. Next
tour in June 1967. Three weeks.

SCANDINAVIA: Thrilling circuit of the Far
North: Norway's mountains, fiords and islands;

North Cape and the midnight sun; Lapland and
Sweden. Two 1967 departures-JunelS and June
25. Four weeks. Also spring, 1967.

ICELAND: Arctic wildflowers, northern nesting

birds and seabird cliffs, against a weird back-
ground of volcanoes, geysers and waterfalls. Two
departures—June 4 and June 25. Optional excur-

sion to Greenland after each tour.

- AFRICA -
BIRDS OF AFRICA: Circuit of west, south and

east Africa. Emphasis on birds ( 670 species on
last lour) and spectacular mammals. Ex-Belgian
Congo, Cape of Good Hope, Kruger Park, Vic-

toria Falls; choice nature spots of the less

crowded, less promoted parts of the continent,

plus all the important animal reserves of Kenya,
IJganda and Tanzania. Four weeks plus optional

extra time in East Africa.

- SOUTH AMERICA -
COLOIMBIA, ECUADOR S PERU: Tropical coast,

high Andes, upper Amazon Valley, Machu Pic-

chu, and an ocean trip into the Humboldt Cur-
rent. Three weeks.

CHILE & ARGENTINA: The southern Andes,
Straits of Magellan, Tierra del Fuego as far as

Ushuaia, Patagonia, Bariloche and the Argentine

lake district. .3 weeks.
BRAZIL: Broad coverage of one of the great

bird countries of the world. Iguazu Falls, Mt.
Itatiaia, Organ Mtns., Rio, Mato Grosso and the

.\mazon from Manaus to the sea. .3 weeks.

GUIANAS & VENEZUELA: Jungle trips in Suri-

nam & British Guiana, Angel Falls in Venezuela,
coastal mtns. of Columbia. 3 weeks.

- COMING -
EUROPE: "Birds of the Mediterranean": high-

lights of Southern European birdlife from Gibral-

tar to Istanbul. "Birds Behind the Curt.ain":

little-\isited regions of Poland, Czechoslovakia,
Hungary, Bulgaria, Rumania and Russia. Spring

1967.
SOUTH PACIFIC: Four consecutive 3-week tours

in fall of 1967: Birds of Melanesia; Western Aus-
tralia; East & South Australia; New Zealand.

ASIA: Four consecutive 3-week tours in spring

of 1968: India & Nepal; Southeast Asia; Philip-

pines, Hongkong & Formosa; Japan.

-NORTH AMERICA TOURS

-

TEXAS-MEXICO: Bird highlights of Texas coast

and N.E. Mexico; 2 weeks. March 25, 1967.

ARIZONA: Richest part of U.S. for rare bird
species; 2 weeks. May 13, 1967.

FLORIDA: Two-week circuit of chief bird local-

ities of the state, from Tallahassee to Key West
and the Dry Tortugas. Jan. 21, 1967.

SIERRAS & COAST RANGES: North with spring

from condor country of Calif, to \'ancouver; 3

weeks. June, 1967. Similar Rockies tour in 1968.

ALASKA: Grand tour of nature spectaculars

of the state, including Arctic coast, the Aleutians

and the Pribilofs. July 1967; 2-wk. and 4-wk.
versions.
NEWFOUNDLAND-LABRADOR: Bird islands of

the northeast; Newfoundland and Labrador coast.

June 1968.
YUCATAN: Mexican Yucatan, British Honduras,

Peten Jvmgle of Guatemala. 2 wks.; March 1967.

MEXICO: Six regional hvo-week tours cover-

ing six different ecological areas.

Come along! . . . Intimate, private groups, expert
leadership. We seek out back-country routes, try

for an experience-in-depth of the natural scene and
the people. (Not recommended if vou're strong for

night life.)

Crowder Nature Tours
Box 1760-a Washington, D.C. 20013
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"The system!' It has an
interchangeable everything.

6 lenses. 4 film backs. 4 viewfinders. All interchangeable. So you can go from color

to black and white midroll. Shoot what you want. Without limitation. It takes 5

cameras to do what "the system" can do. That's why "this is a system, not to be

confused with a camera." For further information, write: Paillard Incorporated,

1900 Lower Road, Linden, New Jersey mj jk Q ^ w~ # ry m \ r^

1200 wild flowers shown in full color!

Wild Flowers of The United States

VOLUME ONE • THE NORTHEASTERN STATES

' A Publication of
THE NEW YORK
BOTANICAL GARDEN
and McGraw-Hill Book Co.

• General Editor

William C. Sfeere
Director, THE NEW YORK
BOTANICAL GARDEN

' Written by

Dr. Harold William Rickett

Senior Curator, THE NEW
YORK BOTANICAL GARDEN

572-page, two-part Volume • 9%" x 13V4" • Bound in full buckram with gold stamping

Never before have the wild flowers of any large area been pre-
sented so completely, so accurately, and so magnificently in

a single non-technical work. Wild Flowers of The United
States, Volume One, provides an authoritative reference on every
wild flower of general interest in a vast area: all of the United
States from the Atlantic to Minnesota and Missouri, and from the
Canadian border to Virginia and Missouri.

The 1200 color plates represent the work of some of America's
leading nature photographers as well as that of many enthusiastic
amateurs. The photographs, printed in as many as seven colors,

are chosen specifically to aid in the accurate identification of the
wild flowers. They are remarkably beautiful in themselves, and
will be a source of great pleasure to the "armchair botanist."

Use this handy order form

McGRAW-HILL BOOK COMPANY
330 West 42nd Street • New York, N. Y. 10036

I accept your invitation to examine Wild Flowers of The
United States, Volume One, The Northeastern States for
ten days without cost or obligation. If I decide to keep it I

will send (check one) $39.50 plus small delivery cost;

or $7.50 plus delivery in ten days and $8 monthly for four
months. If I decide not to keep the volume I will return it

postpaid within ten days.

NAME_

ADDRESS.

CITY _STATE , _ZIP.

N 12
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a totally new concept

lEITZ TRINOVID®

BINOCULARS
Some binoculars never let you forget they're

weighing you down. Not Trinovids. They fit com-

fortably in your jacket pocket (taking little more

room than your sunglasses). The popular 7 x 35

weighs only I8V4 ounces. That's lighter than con-

ventional models of much lower power.

What makes Trinovid such a standout? Leitz, using

experience gained perfecting the renowned Leica®

cameras, designed Trinovid with a special prism

and an unusual arrangement of optical elements.

The result is not only leaner, lighter glasses, but

an image that is unusually clear and bright. At

1000 yards the viewing field of the Trinovid 7 x 35

is 150 yards wide —
in a panoramic view

compared to conven-

tional models.

Dustproof and remark-

ably water resistant,

this lightweight is

good for a lifetime of

heavy duty. Choose

from 3 models, 7x35,

8 X 32, 10 X 40, at your franchised Leitz Binocular

Dealer. s.orss

TRINOVID USUAL GLASS

E. LEITl. lie. Ill rUI l¥EIUE EOUIH. lEM TORI. N.T. 1BBII

Dislnbutoo ol Ihc world - laisous producl) of

tinsl Uili GmbH.. Wtlilar. Gtfmany-Etnil leili Canada lid.

IEI» Ua LtlCIII CIHERtS lEISES PROJECTORS • HICROSEDFES

been sung down the ages. The old bal-

lad "The Mistletoe Bough." by Thomas
Haynes Bayly (1797-1839) , which was

a tremendous favorite in Victorian

days, begins:

The mistletoe hung in the castle hall.

The holly-branch shone on the old

oak wall.

It goes on to commemorate the [true]

holiday tragedy of the bride who disap-

peared on her wedding night at her

home in Oxfordshire, England. The

wedding party were playing hide-and-

seek, and the unfortunate girl hid in a

large oak chest in an unused room. It

had a snap lock and the lid fell; many
years after, her dead body, in the rem-

nants of her wedding finery, was dis-

covered. It was a tradition even in my
childhood for this mournful saga with

its particularly dreary tune to be

played or sung every Christmas eve, the

anniversary of the tragedy.

Another tradition was that man could

invoke the ancient magic of holly on

Christmas eve to disclose the seeker's

future matrimonial fate. This charm
comes from the English north country.

Gather nine female holly leaves, tie

with nine knots in a three-cornered

handkerchief, and lay under the pillow

when going to bed. The future husband

or wife will then appear in a dream.

This charm will work only if silence is

maintained from the moment of setting

out to gather the leaves until dawn the

next day. It should be noted here that

not only the holly's own magic is vital

but also the power of the mystical num-

bers nine and three, which are almost

invariably invoked in any charm or

spell. If you want to grow holly, be sure

you have both the male and female spe-

cies in the garden or there will be no

berries to sow.

Medicinal Properties

Holly does not appear prominently

in medical history. Nicholas Culpeper,

the great herbalist-physician ( 1616-

1654), lists it, although his even

greater predecessor John Gerard
(1.545-1612) apparently did not use it.

Culpeper describes it as follows:

Holly. Holm or Hulver. Bush
(Ilex aquifolium)

Description. This is a well-known

large bush. The bark is whitish on

the trunk, but the young shoots are

green. The leaves are oblong irreg-

ular at the edges and prickly. The
flowers are greenish and the berries

black. Another species has thinner

leaves and yellow berries.

Place. This is often planted as a

garden-hedge.

Time. It flowers in May.
Government and Virtues. The Tree

is Saturnine. The berries expel, and

40 TIMBERED ACRES

$1650 TOTAL PRICE

WASH.-IDAHO-MONT.
$50 Down — $25 month, in Northern
Idaho, Northeastern Washington, and
VVestern Montana. In the heart of lakes
and big game country. All covered with
growing timber. Access, Title insurance
with each tract. This is select land with
natural beauty, recreational and invest-
ment values. Your inspection welcomed.
Write us for free list, maps and complete
information. We have tracts of many
types and sizes to choose from, incl.

waterfront property. Vi/rite to:

REFORESTATION Inc.
P.O. Box 8146, Dept. GL, Spokane, Wash.

Takes the fussin' out of,

feedin'.T

^ydes NEW!

TROLLEY BIRD FEEDEB
Only $9.75 complete, ppd.

Just pull this rustic feeder to
your window for easy filling, then
'pulley' it away from the house to
where timid species will come to
it. Combines the advantages of

window and yard feeders — no
wading in deep snow to keep the
larder stocked! Discourages squir-

rels, too. 9" X 9" X 12" feeder holds
5 lb. seed plus 2 big suet cakes.

Rugged, weather-resistant. Comes
complete with pulleys, hooks, 50'

of cord. Ideal Christmas gift for

any and all bird-lovers.

Order OY-67. Send Check or
M.O. for $9.75 ea., ppd., to:

AJ.VxMC bird feeder COMPAN'

63 Felton St., Waltham, Mass. 02154
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How nnuch
do you have to spend
for a really yood
stereo system?

AR turntable, Shure M7/N21D cartridge, Dyna SCA-35 amplifier, and AR-4* speakers (hung on ordinary picture hoolcs)

Ihe key to the answer is the price of a really good
loudspeaker, a price that has changed radically in the

last twelve years.

In 1954 high quality speakers were of giant size and
cost $400 and up. AR changed all that with its acoustic

suspension speaker, more natural sounding than pre-

vious speakers and at the same time much smaller and
less expensive. This AR design revolutionized high
fidelity, and is widely copied to-day.

AR's latest technical breakthrough — the $57 AR-4*
speaker — has again reduced the cost of high-fidelity

sound. The stereo system shown above, built around

AR-4^'s, lists for about $350. It will outperform a $1000

hi-fi system of 1954.

Equipment reviews don't often single out one product

as the best of its kind without ifs, ands, or buts. Hi-Fi/

Stereo Review did, when it said of the AR-4*: "We
know of no competitively priced speaker that can com-
pare with it." And other reviews went even further,

rating the AR-4'* as one of the great speakers atany price.

It is the speakers in a high-fidelity system that are most
likely to be the weak hnk, to choke off the potential qual-

ity of the other components. Choose the speakers first.

ACOUSTIC KESEARCH, INC., 24 Thorndike Street, Cambridge, Massachusetts 02141

Please send me literature on the AR-4'^, and on the AR-Dyna-Shure Stereo system shown above,

n Please send me free plans for building the equipment shelf in the photo.
I enclose $1.00. Please send me Roy Allison's book High Fidelity Systems: A User's Guide, reviewed as "the
best basic book now available on Hgh fidelity."

sail. NAME

ADDRESS-

ES



SCAN THE FIELD

...THEN

ZOOM UP
CLOSE

Variable from 15X to 60X

Field observation or general use, Bal-

scope Zoom 60— with its variable

power features— meets every nature-

lover's requirements. Instant power
change anywhere from 15x to 60x with

just a roll of your finger across a knob— without change of focus. Scan the

field or woods at low power, then
2-o-o-ommm in for close-up of subjects.

This fine, top-quality, compact tele-

scope can easily be attached to any
camera tripod without needing an ac-

cessory holder. It's sealed against
dust, moisture and rain to give you its

best optical performance over a life-

time. Scratch-resistant and rugged, it's

an excellent field companion. With
straight eyepiece, $149.50. At your
dealer's or write for Balscope folder.

Bausch &Lomb, Rochester, N.Y. 14602.

- vj^

BALSCOPE ZOOM 60

by BAUSCH ScLOMB
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are profitable in the colic. If you eat

a dozen of them in the morning fast-

ing, when they are ripe and not dried

they purge the body of gross and

clammy phlegm ; but if you dry the

berries and beat them into a powder

they bind the body and stop fluxes

and the terms in women. The bark

and leaves also are excellent being

used in fomentations for broken

bones and such members as are out

of joint.

It is curious that Culpeper speaks of

the berries as black, and that although

he does mention the yellow kind he says

nothing of the far more common red

berry. There is a variety with black

berries, although it is not generally

listed in books on trees. However, Mrs.

Jane London, a Victorian authoress

and an expert on gardening, speaks in

her book The Ladies' Companion to the

Floiver-Garden, published before 1845,

of holly berries being red, white, yel-

low, and even black. Perhaps the black

berries may have been more common
200 years previously, or possibly Cul-

peper found them more effective.

One other medicinal use for holly

still employed today is as a cure for

chilblains. The treatment consists of

beating the hands or feet with bunches

of prickly holly. The original reason

given was that the magic in the holly

would drive out the chilled blood; the

more prosaic reasoning of our own age

is that it helps the circulation. Still, if

there were no belief in the holly's

magic, why doesn't the sufferer use a

stiff brush, which should be just as

effective?

There is no need to remind readers of

Natural History of the botanical im-

portance of holly. Of the family Aqui-

foliaceae (genus //?:>:) it has nearly 200

species distributed throughout the five

continents, although it is not common
in Africa or Australia. As a protector

of the garden (apart from its magic

properties!) a holly hedge is beyond

compare; neither cat, dog; nor boy will

penetrate it. Except perhaps in the sad

case of the most famous holly hedge in

history—400 feet long, 9 feet high, and

5 feet wide—which grew at Sayes

Court, the home of John Evelyn, the di-

arist (1620-1706). The hedge was Eve-

lyn's pride and joy, but unfortunately

he rented his house to Peter the Great

of Russia when he was on a visit to

England. That eccentric potentate

amused himself by being constantly

driven backward and forward through

the holly hedge in a wheelbarrow. Not

surprisingly the hedge was ruined!

Dorothy Jacob, a British author, ivrote

"A ff^itch's Guide to Gardening" and

"Cures and Curses." The latter deals

with the extraordinary uses of plants

and animals in the history of cures.

S&iigMs^dji
by Don Eckelberry

Bring the outdoors indoors with this

colorful aviary of 30 favorite songbirds

painted by famous Don Eckelberry.

Each bird in accurate, stunning color

in a typical pose. The birds may go
South, but you will have them with you
all year long when you assemble this

exquisite mosaic of feathered beauties.

Kabukl Embroidery

An 18th century
Japanese embroidery
of a classic Kabuki
dancer rendered in

brass, silk and silver

threads against a
background of fiery

) red. Brilliantly color-
ful.

eJk*-

i
Bacchus Mosaic

Third century Roman
mosaic composed of
over a half-million
tesserae depictinK
the wine god. Bac-
chus, surrounded by
his symbols. Com-
plex circle in an oc-

tagon. in a sauare!

sT

SEND FOR FREE CATALOG OF

Ot^£R SO SUBJECTS AVAUASLE

$3^0 At Better Department, Gift,

Statiooery and Book Stores

or $3.50 ea. plus 50i postage & handling to:

SPRINGBOK*EDITIONS
Dept. NH3,500 Fifth Avenue, N.Y.C. 10036

'^
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A Newly Expanded Edition

of a Classic

Aldo
Leopold's

A Sand County

Almanac
This nev/ edition of a perennial

favorite by one of the world's

great naturalists has been en-

larged to include eight essays

from the now-unavailable
Round River.

"We may count ourselves lucky

to have this final testament of a

man who was not only an expert

in forestry, ecology and game
management, but an exception-

ally sensitive and subtle appreci-

ator and communicator of
earth-values. . . . Every reading

countryman will want to add

this thoughtful and lovely book

to his library." — Commonweal
(in a review of the original edi-

tion)

With illustrations by Charles
W. Schwartz, a?id a new pref-

ace by Carolyn and Luna
Leopold. $6.50

At better bookstores

OXFORD UNIVERSITY PRESS / New York



What Value Line Considers the

STOCKS THAT
WILL GO
a) Up Most If the Market Rises

b) Down Least If the Market Falls

Among the 1100 stocks under intensive year-
around study by Value Line's sixty research spe-

cialists, just 100 are now ranked Highest (Group
I) for Probable Market Performance in the 12
months immediately ahead. (Value Line ranks
are based mainly on value considerations, not
technical analysis.)

This select minority of only 100 stocks, clearly

identified in our comprehensive new Summary
of Advices, is deemed likely by Value Line re-

search to give stronger price performance than
the rest of the 1100 stocks over the next 12
months no matter what the general market
trend—to go 2ip viore in a rising market, or doion
less in the event of an overall decline.

At the other end of the ranking scale, the new
Summary also specifically identifies the 100
stocks (including some of the biggest names in

industry) that we expect to give the poorest
year-ahead price performance relative to the
rest of the 1100.

With the new Suvitnary of Advices, you can
immediately check where any of 1100 leading
stocks of special interest or concern to you now
stands in the entire spectrum of Value Line's
disciplined ranks for the next 12-month market
performance, as follows

:

GROUP I includes the 100 stocks ranked HIGHEST

GROUP II includes the 250 stocks ranked ABOVE AVERAGE
GROUP III includes the 400 stocks ranked AVERAGE
GROUP IV includes the 250 stocks ranked BELOW AVERAGE
GROUP V includes the 100 stocks ranked LOWEST

Not every stock, of course, will perform ex-

actly in accordance with its rank. But the degree
to which these performance ranks work out in

actual practice is, we believe, a key reason why
more than twice as many investors subscribe to

the Value Line Survey as to any other advisory
service in its price class.

GUEST REPORT
We will send you Value Line's comprehensive

new Summary of Advices on 1100 stocks—giving
for* each its unequivocal rank for relative price
performance in the 12 months directly ahead—as

a bonus under the Guest Subscription offered
below.

The Summary of Advices also gives each
stock's Quality Grade (a measurement of rela-
tive long-term investment safety)

, plus a specific
estimate of its potential market value 3-5 years
hence.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiig

GOVERNMENT BONDS |
vs. I

ELECTRIC UTILITY STOCKS |
As an extra bonus, you will also receive Value |

Line's new non-technical special study, "Govern- |ment Bonds vs. Utility Shares," abundantly sup- I
ported with clear-cut statistical illustrations The 1
highly revealing- special study weighs the long- 1
term investment merits of U. S. government bonds I{now offering higher yields than at any time since 1
the early 1920's) against the potential income I
capital growth and risks of a comparable invest- Iment in utility shares. The conclusions set forth imay surprise many. g

Under this offer, you will receive—for only $5 with
full money back guarantee (a) Value Line's Neiv'Sum-
mary of Advices on 1100 Stocks in 61 Industries (b)
Selected Stocks for Specific Investment Goals, (c) the
next 4 Weekly Editions of the Value Line Survey with
full page reports on each of 3U0 stocks in key industries,
(d) a nero Special Situation Recommendation, (e) Three
Reports on especially Recommended Stocks, (f) Business
and Stock Market Prospects, (g) Advisable Investment
Pohcynoiv, (h) Mutual Fund Trading in Selected Stocks
(i) Insider Activity in Selected Stocks, (j) Weekly Sup-
plements, and (k) Four Weekly Summary Indexes in-
cluding all changes in rankings to date of publication.

To take advantage of this Special Offer,

fill out and mail coupon below

Name

Address..

please print

City State Zip

Send S5 to Dept. AKNH-11

THE VALUE LINE
INVESTMENT SURVEY

Published by
ARNOLD BERNHARD & CO., Inc.

(Founded 1931)
5 East 44th Street, New York, N.Y. 10017
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JjEGiNNiNG Oil Christmas Day,

and through the changing seasons

of the next four years, Helen

and Adrian Hoover observed a

whitetail buck and his family

at close quarters. This wilderness

tale of their relationship — not

as "master-and-pet" but as fellow

inhabitants of the /Minnesota

bush country — reveals much
about the life cycle of the deer

and other creatures in

their world. _ k ^^4

^:m0
%

THE GIFT'f*'^^^"

OF THE DEER
by HELEN HOOVER
with pen-and-ink drawings

by Adrian Hoover • S4.95

i^%\L'l

"Suirauktut ilurasi qaikapsi."

C'lFe me happy to have you.

Just come to our tent when you

want")

From her first storm-lashed

crossing in a small open boat to

Alaska's remote northwest coast,

Claire Fejes was welcomed as a

guest and friend by the Eskimos.

The result of her five long

visits is this appealing personal

narrative — an unusual view of

interesting people and their daily

lives, of parents and children and

in-laws, of "housekeeping" and

adventure, of love and tragedy

and superstition in a fascinating,

little-known settlement above

the Arctic Circle.

PEOPLE OF
THE NOATAK
by CLAIRE FEJES who also

did the illustrations • 16.95

Now at better bookstores

ALFRED -A- KNOPF

BOOKS IN REVIEW

Instinctandaggression

i6

By T. C. Schneiria

Evolution and Modification of Be-

havior, by Konrad Lorenz. The Univer-

sity of Chicago Press, S3.50; 121 pp. On

Aggression, by Konrad Lorenz. Har-

court. Brace & World, $5.75; 306 pp.

DR. Lorenz, Director of the Max

Planck Institute for Physiology of

Behavior, Germany, and the author of

works on animal behavior, has written

two new books on important subjects.

In Evolution and Modification of Be-

havior he discusses his theory of animal

behavior; in On Aggression he applies

this theory to a problem in social be-

havior. Both books stem from dubious as-

sumptions.

Aggression is defined as "The fighting

instinct in beast and man which is di-

rected against members of the same

species." The thesis for man and beast

alike is: Aggressive instincts dominate

behavior unless curbed. The importance

of this point for man is stressed: Some-

one from another planet, "looking upon

man as he is today, in his hand the atom

bomb, the product of his intelligence, in

his heart the aggression drive, inherited

from his anthropoid ancestors, which this

same intelligence cannot control, would

not predict long life for the species."

Instinctual aggression is, of course,

not a new concept. Its dominance in nat-

ural selection is an idea Lorenz shares

with Herbert Spencer (first to speak of

"survival of the fittest") and Freud.

Lorenz considers aggression and fighting

common and thinks they must have been

potent in the evolution of all animals.

On Aggression opens with vividly de-

scribed observations of strikingly colored

coral reef fishes in tanks and in the

sea. In each case a territory holder, ex-

cited by an invader of his own species,

drives off the trespasser. Territorial de-

fense fighting, common in lower verte-

brates, birds, and mammals, is found

crucial as a basis for food getting, mat-

ing, rearing young, and other behavior

promoting species survival. In lower ani-

mals, instinctive aggression is viewed as

working well: in man. however, it seems

to be getting out of hand.

Mechanisms that inhibit fighting,

Lorenz holds, are essential to survival in

lower animals and man alike. Chief

among these are ritualistic displays in

which aggressors are warded off with

little or no combat. In man, however, the

inhibitory controls imposed on aggres-

sion both through natural selection and

through cultural processes may fail in

the split-second emergencies created by

modern weaponry and accessory belli-

cose patterns. Man is "the only being

capable of dedicating himself to the high-

est moral and ethical values" but one

"whose animal properties bring with

them the danger that he will kill his

brother, convinced that he is doing so

in the interests of these very same high

values. Ecce homol" Behold man, that

is, as Lorenz sees him.

Lorenz shares this somber view with

Freud, who also saw conflict and war as

inevitable, violent expressions of irre-

sponsible, aggressive instincts. Lorenz,

like Freud, considers the social bond and

related influences inadequate to inhibit

man's aggressive biological nature in the

modern world.

In his chapter "Avowal of Optimism,"

Lorenz suggests that, under the de-

scribed threat, we must find methods for

ritualizing and channelizing instinctive

aggressions, must encourage people of

differing ideologies and races to get ac-

quainted, must direct "the militant en-

thusiasm" of youth toward "genuine

causes that are worth serving in the mod-

ern world." and must improve our un-

derstanding of behavioral mechanisms

fundamental to aggression, the better to

control them. We must use all our re-

sources of humor and of knowledge to

these ends. These suggestions, although

helpful, seem to reveal an aspect of

Freudian sublimation—making the best

of a bad deal.

A different picture of man. however,

based on current scientific methodology

and theory, is at odds with Lorenz' out-

dated negative view. Results of research

on human group behavior emphasize

man's great social potentials arising

from his developmental plasticity and

his versatility for constructive behavior.

At the same time, evidence on the

origins of asocial behavior suggests that

those hypotheses in which instinctual

aggression explains the rise of wars are

tangential and naive.

The question is. not whether results

concerning behavior in lower animals

are applicable to man. but whether the

application is as simple a matter as

Lorenz' procedures imply. Responsible

scientists must carry out their behavior-

al research within the broadest perspec-

tive and evaluate evidence in terms of

the most valid theory possible. Evidence

on individual differences, on the condi-

tions of development, and on the state

of the population must be featured, for



BEDSPECS
These genuine prismatic Bed-
Specs are absolutely the last

word in self-indulgence. Allow
you to lie flat on your back and
take in the whole television

screen or a page of a book at
one glance. Invaluable for in-

valids. Lie on the beach and
watch people — without raising

your head. Precisely aligned
ground glass prisms; streamlined
demi-blond frame. Can be worn
with corrective glasses. Approved
by leading ophthalmologists.
Plush lined leatherette snap
case. $14.95

Emoskop

VESTPOCKETV OPTICAL
SYSTEM

Remove the EMOSKOP from
its fitted leather case and it's a
30x microscope. A twist of the
wrist converts it into a 2.5x tele-

scope. Another twist and you
have your choice of magnifiers:
5x, lOx, and 15x. Perfect vest-

pocket companion for the exact-

ing professional and scientist.

Five coated lenses, absolutely
aplanatic and achromatic. Mod-
ern Photography calls the EMO-
SKOP ".

. . only magnifier wor-
thy of name." 1%" x %". $14.95

Nova-Tech
Beacon/Weather

PORTABLE RADIO
Incomparable 8-transistor radio.

Standard broadcast band (.530-

1660 kc.) with excellent sound
fidelity and volume for beach,
picnics, etc. Weather/beacon
band (200-400 kc.) for instant
24-hour weather information
from as many as 15 FAA wea-
ther navigation stations up to

300 miles away. Know ahead of

time what weather to expect.
51/2" X 31/2" X 2". 12 ozs. Case,
batteries, earphone inc. $19.95

r
Mylflam

ELECTRONIC
TABLE LIGHTER
The MYLFLAM is the high
point of smart styling and per-
formance. Lights up to hundreds
of times per minute. A winner
of many awards for beauty and
technical perfection. Simple light

pressure to the top bar provides
instantaneous flame. Fully ad-
justable. A luxury appointment
for home or office. Operates with
standard butane gas and stand-
ard battery. Quite expensive, but
really a marvelous product. In
satin lined presentation box.

$39.95

GUARANTEE—You may return merchandise, for whatever reason within 2 weeks. Guarantee also covers material and workmanship for one year.

Country Club

SHOWER HEAD
A luxury fixture for the modern
home. The Country Club pro-
vides full volume shower spray
—no stray streams and no "hol-
lows," and is adjustable from
sharp needle spray through full-

volume medium and coarse
sprays, to the "rinse - flush" po-

sition. Non - clogging, heavily
chromed over copper and nickel
base, with 24-karat gold face.

Fits all U.S. fixtures. Installs in

minutes. Gold gift box. $19.95

World Famous

ACCUMEN
For a Lifetime of Close Shaves
. . . Hi-potential NiCd power
plant gives 10 to 15 shaves be-
fore recharging. Shaving head
2^/^ times larger than any other.
Ultra-thin foil (0.00.315"). Four
individually sprung and bal-
anced blades. Spotlights illuminate tiniest whiskers.
Vacuum action. Lockable. Directly rechargeable from wall
socket. With case, complete $24.95.

Also available: Praktikus-5. Fitted case, with shaver, hair-
clipper, massage/hairbrush, yellow blinker, automobile
charger $39.95. PLUS FREE BONUS—rechargeable flash-

light (retail $4.95)

Purchase of AccuMen enrolls vou in the LifeTime Shaver
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CASLON DIGITAL CLOCK
One look at the Caslon will tell

you exactly what time it is.

Cards flip silently into view-
one instant it's 3:43 and then
suddenly it's 3:44. Completely
noiseless. Glows in dark like a
Princess phone. 110 Volts. Col-
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Red. Airline Blue, Wheatglo,
Deep Night. S24.90

BICKY

MONOCULAR
SYSTEM
lOx (30 mm.) pris-

matic, pistol grip, tri-

pod, panning head.
Car window adapter.
Soft case and hand
strap make BICKY
as convenient to carry as a mini-
ature camera. Outstanding optics

(Kellner), fully coated. $25.75

SUPER B. 20x (40 mm.) $39.75

FREE with the lOx and 20x
BICKY: "Birds of North Amer-
ica." A beautiful and compre-
hensive guide. 2.000 full-color il-

lustrations, 340 pages.

CALENDAR ALARM
This outstanding clock will run
one full year on one battery cell.

Its functional form and exquis-
ite lines will blend with the
most demanding decor. Unusual
alarm gives four discreet buzzes,
plus a full-throate<l main alarm.
Automatic calendar. Clock can
be regulated to 2 seconds per 24
hours. White case, midnight blue
illuminated dial, sweep seconds,
gold numerals and hands. Truly,
the "clock of tomorrow." $24.95

A FREE GIFT FOR YOU. If your order (exclu-
sive of postage and sales tax) is for $30.00 or
more, and if check accompanies order, we will
send you a Floating Waterproof Lantern with
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unique Nikon35mm
underwater camera
requires no housing

Water-proof, corrosion-resistant,

and pressure-proofed to depths

of 160 feet, the amphibious Nikonos

offers unique advantages for

underwater photography.

With its slight negative buoyancy

and over-sized controls, the Nikonos

handles more easily under water

than many other cameras do on land.

There is no bulky, unwieldy

housing to impede freedom of

movement. And, when not in use,

it can hang from the shoulder strap,

leaving both hands free.

The Nikonos is the first camera to

offer high-definition optics designed

expressly for underwater use.

The new 28mm UW-Nikkor f3.5

lens, for example, provides full

compensation for underwater color

aberration and distortion. It

interchanges with the 35mm Nikkor
f2.5, which may also be used

for above-water photography.

Price of the Nikonos is $159.50 with

35mm f2.5 lens. Accessories include

underwater flash and exposure

meter. At better camera and
sporting goods dealers, or write:

Nikon Inc., Garden City, N.Y. 1 1533
Subsid. of Ehrenretch Photo-Optical Industries, Inc.

NIKO»)S
BY NIKON
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these surely were all crucial in the nat-

ural selective background of every ani-

mal. The results of research must be pre-

sented in comprehensive reports open to

searching analysis, not in descriptive,

subjective terms as Lorenz has done.

The significance Lorenz gives his re-

sults is too great to justify his non-ex-

perimental, anecdotal treatment of the

subject. An appropriately broad, sys-

tematic presentation of the behavioral

facts would have aided readers to under-

stand, for example, how differently indi-

vidual fish responded according to the

conditions (as stressful crowding in

aquariums), and how results from ob-

servations of animals in confinement

actually compared with the behavior of

species mates under natural conditions.

Studying social phenomena and other

behavior under natural conditions is ex-

tremely important, and the ethological

approach inspired by Lorenz and Tinber-

gen has aided such work, which ideally

goes hand in hand with laboratory re-

search. The field of behavorial develop-

ment is highly controversial, however, in

ways that do not emerge clearly in Be-

havior. Lorenz' critics dispute neither

his emphasis on "the great fact of adap-

tiveness in behavior" as he implies, nor

on the correlations between genotypes

(empirically described species genetics)

and phenotypes (individual patterns

developed). Rather, they reject much

of his evidence as partial and unreliable,

and question the assumptions he applies

dogmatically to these problems.

It is not clear from Behavior whether

or not science will be aided by Lorenz'

terms, "phyletic information" and "in-

dividually acquired information," which

he consistently confuses with reality.

These concepts, notwithstanding the im-

pressive cybernetic aura he gives them

and the polemical deftness with which

he uses them, seem not to differ much

from their traditional synonyms, "na-

ture" and "nurture," respectively.

Space precludes discussing the ob-

fuscations raised in Behavior for read-

ers attempting to judge the theoretical

issues involved in the book. Lorenz ad-

mits that the terms "innate" and

"learned," used (by "earlier etholo-

gists") to denote mutually exclusive

agencies, are fallacious. But at the same

time, in speaking of "information" that

is either "phyletically acquired" or "in-

dividually acquired." he revives the fal-

lacious dichotomy by using the word

information in two different senses. He
repeats his old assertion that others

(whose evidence and ideas he evades)

offered "learning in the egg and in utero"

to explain ontogenesis, although he

should know by now that this is both an

untrue statement and a misrepresenta-

tion of important evidence.

Two related devices stand out in the

Continued on page 60

Illuminated Stand

MAGNIFIER

Magnifies,

Illuminates,

and leaves both

hands free.

Only ^9.95 in better

stationery and
photo stores.

For a complete catalog

of Readers and Magnifiers, write

Bauscti 4 Lomb, Rochester, New York 14602
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Share the Thrills

01 Exploring f
ouier space
All DYNASCOPES, Including this
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on easy terms!

Now it's easy to join the thousands of serious

amateurs who have discovered the excitement

of exploring our mysterious universe. Your en-

joyment begins right from the start, yet the
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it's a hobby that can be shared at modest cost.
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DYNASCOPES'^ 4" Starting at $49.95

Picking a telescope to fit your needs and your

pocketbook is simple when you select a

DYNASCOPE — the same instruments used by

more than 150 schools, colleges and observ-

atories. Prices begin as low as $49.95, and

your satisfaction is guaranteed by a full-

refund warranty.

FASCINATING GUIDE
YOURS FREEI

Read these valuable facts be-

fore buying any telescope. Mail

coupon or postcard for your

complimentary copy of this

helpful guide.

Criterion Manufacturing Co.

331 Church St., Hartford 1, Conn.

® TM Registered U.S. Pat. Office

CRITERION MANUFACTURING CO.
Dept. NH-70, 331 Church St., Hartford 1, Conn.

Please send your free Telescope Guide.
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• Prices include postage.

• Money Bock Guarantee.
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of the British Museum.
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ARROWHEADS ... *
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Ancient Egyptian oil lamps dating from the 3rd-
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n young biologist's impressions of island life

Eniwetok Atoll is a horseshoe of

sand islands and reefs, 10 hot de-

grees north of the Equator among
the Marshall Islands of Micronesia.

Here the sun is dazzlingly bright; the

sunsets brief, but beautiful. Here an

observer can catch a glimpse of the

traditional tropical paradise of

sparkling seas and swaying coconut

palms. But only a glimpse, for Eni-

wetok has witnessed some of the most
savage events of this century.

The atoll, like others in the Pa-

cific, is a coral reef, alive and grow-

ing, responding almost as a unit to

the daily measure of light from the

sun. It rests on a cone of dead coral

a thousand feet thick, which in turn

covers the top of a submerged moun-
tain several miles high. The reef en-

closes a lagoon that, although it is

as much as twenty-five miles wide, is

no more than a couple of hundred

feet deep. Where the reef projects

above the surface of the water, small

islands of sand have formed; where

the sand is deep enough, some bushes

and trees have grown, depositing a

soil of sorts above the sand and pro-

viding a habitat suitable for humans.

The first people to settle on the

atoll came from the great melting pot

of Southeast Asia. Negrito, Vedda,

Caucasoid, and Mongol mixed in

Malaya and Indonesia, and under the

steady Mongol pressure from the
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at a former nuclear test site

north, began to emigrate across the

Pacific more than fifteen hundred

years ago. They came in successive

waves, some as much as centuries

apart. One of the later waves re-

mained in Micronesia instead of

moving on to the larger, more hospi-

table islands of Polynesia.

The Marshall Islands were unre-

corded in the West until Captain

Marshall, returning to England with

a cargo of Cantonese tea in place of

the British convicts he had deposited

at Botany Bay, sighted them in 1787.

But for a hundred years afterward

the islands represented little more

than dots on European maps, telling

of reefs that sailors should avoid.

The inhabitants, the Marshallese, led

placid lives in the meantime. They

grew coconut palms in plantations

where the soil was thick enough, and

they fished from the abundant reefs

in the lagoons. Like other Micro-

nesians, they traveled in all direc-

tions to neighboring atolls. They re-

mained, despite such a predilection

for travel, free of other societies

until the lo70's, when they were ab-

sorbed into the exjDanding German
Empire and their copra trade came
under German management. In 1920,

a League of Nations mandate gave

control of the Marshall Islands to

Japan. It, in turn, supervised the

copra trade until the islands were

closed off from the rest of the world

in preparation for World War II.

The Marshallese of Eniwetok were

forced to accept first the Germans

and then the Japanese. During the

Second World War they moved to the

northern islands of the atoll, away

from their homes on the larger south-

ern ones, fleeing a war that concerned

a world of which they had little con-

ception. In February, 1944, 200

Americans were killed in the success-

ful capture of Eniwetok Atoll—

a

battle in which, according to their

orders, 2,600 Japanese died in a

struggle they could not have hoped

to win. All for an atoll that has only

two and a half square miles of sandy

land exposed when the tide is high.

|||ith the war's end, the Marshall

IM Islands came under United Na-

tions trusteeship with the United

States appointed to guide them in

their own interests. The civilian-con-

trolled U.S. Atomic Energy Commis-

sion, created in 1946 to supersede

the U.S. Army Corps of Engineers'

Manhattan District (the agency that

guided the development of the atomic

bomb) , sought a testing site that was

sufficiently isolated from large con-

centrations of human population and

that had a warm and relatively stable

climate. The site also had to be lo-

cated where detonation would not

severely harm commercial fisheries.

The Marshalls, minute atolls in the

largest of oceans, looked ideal and

were finally selected. The Marshall-

ese living too close to the test area

were moved to other atolls before

testing began, which occurred first

at Bikini and then at Eniwetok Atoll.

In 1952 the first thermonuclear

bomb was exploded on a small island

at the northern end of Eniwetok.

Henceforth—except for highly con-

trolled situations—radiation from nu-

clear bomb tests would no longer be

limited to local ecosystems, but in-

stead would enter the atmosphere of
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Often on Igurin a White Fairy Tern

hovers silently several feet above

the head of a visitor and simply stares

at him, sometimes for minutes.

the earth and be dispersed globally.

Several detonations followed in

1954, including the well-publioized

explosion at Bikini that came to in-

volve the crew of a Japanese fishing

boat. But since the 1958 Geneva Test

Ban Agreements, the atolls have been

silent. In fact, by 1961 the Atomic

Energy Commission had lost interest

in the atolls and had transferred con-

trol of them to the U.S. Department

of Defense for development in the

Pacific missile range. Curiously, the

atolls have returned to the jurisdic-

tion of a military agency.

Despite the events of the last forty

years, there are several islands of

Eniwetok Atoll that have remained

largely undisturbed by war, nuclear

tests, and military installations. One

of these is Igurin Island, and only the

regular rows of coconut palms in the

overgrown plantations tell of a time

when the island was known and culti-

vated by the Marshallese. Today it

has no inhabitants. Instead, it has

palm trees, sunshine, sand, and sea,

and most of the animals that are asso-

ciated with a tropical coral island.

Here, indeed, is that glimpse of para-

dise where one must discard his own

civilization so that he may feel a part

of what he sees.

The coconut palms dwarf the rest

of Igurin's vegetation, their fronds

swaying and rattling in the winds.

Once these trees fed, clothed, and

housed the natives, but now the coco-

nuts fall to the ground to rot or to be

eaten by island scavengers. A low

silver-barked tree, Pisonia, typical of

atoll growth wherever there is suf-

ficient soil, and the scrub bushes

Scaevola and Messerschmidia cover

most of the island. The bushes and

trees are the nesting sites for two

tropical species of terns, and Igurin

is a home for thousands of each.

The two kinds of terns nest and

roost peacefully together and fish

together offshore. They may join

forces to mob a heron or a frigate-

bird that approaches too near the

nesting sites, and both try to discour-

age a human intruder by diving at

him, veering off almost reluctantly

only at the last second. One is the

Noddy Tern, a dusky, chunky bird.

The other could hardly look more

different. It is a smaller bird of fine

proportions, totally white except for

black eyes and bill, and named, most

appropriately, the White Fairy Tern.

Each lays only a single egg in its

nest, but the Noddy often builds its

nest on the ground, whereas the

Fairy nests exclusively in the trees.

The White Fairy Tern is the more

A Sally Lightfoot scampers off to the

protection of the water. At right,

ghost crab excavations line a portion

of beach above high-tide level.

S^
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curious, often hovering a few feet

over an intruder and cocking a black

eye at him. It is also the more play-

ful, for pairs often fly, soar, chase,

and tumble together over the island.

Yet in all this—fishing, dive-bomb-

ing, mobbing, curiosity, and play—

the White Fairy and Noddy Terns

are strangely silent. A hundred birds

may jump into flight, but only the

beating of their wings is heard

against the perpetual background of

wave and wind.

The nesting sites of sea birds

throughout the world's tropical

oceans are among the favorite hunt-

ing grounds of the impressive fri-

gate-bird. Igurin is no exception, for

every day five or six frigate-birds

soar effortlessly above the island for

hours on end, scarcely moving a

wing as they rise and fall with the

air currents. With an eight-foot wing-

spread and a deeply forked tail used

for steering and braking, the frigates

are known as the most acrobatic of

birds, reputed to steal food from
other flying sea birds, to catch flying

fish in mid-air, and to sweep in on

nesting sites of boobies, terns, or

even other frigate-birds and snatch

up unwary chicks. Of all the birds

that fly beautifully, the frigates ap-

pear to take the most pleasure in

their own movements. They are un-

paralleled in the air ; there they rule.

Other birds visit Igurin. Boobies

occasionally fish off the edges of

the reef; the solitary Reef Herons

stalk the shallow reef waters; the

Ruddy Turnstone and Bristle-thighed

Curlew search the water's edge.

There is little other daytime ac-

tivity on the island. Living in the

leaf litter is one of the more elusive

of the inhabitants, the small blue-

tailed skink, a darkly polished lizard

with long golden stripes along its

back. It hunts for insects in the litter,

racing with extraordinary agility

from the slightest disturbance. It is

not often caught unawares, for it has

a small transparent window in the

center of its lower eyelid through

which it can detect movement when

the eyelids are shut, an adaptation

that many skinks have for eye pro-

tection and vision while burrowing.

At night all is usually still on

Igurin. The terns roost silently in the

trees. Occasionally a White Fairy

Tern is aroused from its perch and,

in the darkness, slowly picks its way

through the branches, its wings fran-

tically beating. More often, the birds

remain undisturbed. Only the noc-

turnal scavengers are active, explor-

ing the undergrowth for anything

that can be eaten.

One of these scavengers is the

small, brown Polynesian rat, which

now lives on islands throughout the

Pacific. It spread from island to is-

land on floating rafts and in native

canoes, and it has prospered on the

fruit of the palm trees, climbing for

the young fruit or eating those fallen

and broken on the ground. The
Eniwetok population of this little rat

has become justly famous since the

testing of the hydrogen bomb. The

bomb was detonated over one of the

small, almost barren sand islands at

the north end of the atoll. It pro-

duced, until the sediment began to

resettle, a crater two hundred feet

deep where the island had been only

moments before, and it sent a great

wave of water to swamp adjacent is-

lands. The size and effects of the blast

were far vaster than anyone had

anticipated. The blast and its wave of

water killed the vegetation of the

nearer islands, left their sea birds

sick and dying, and covered the sea

with dead reef fish. Strangely

enough, when damage on the islands

was being carefully surveyed, a few

rats were discovered still alive and

unhurt where all else had been de-

stroyed. The time since the blast was

too short and the distance from the

unaffected islands too long for new

rats to have repopulated these is-

lands. How they survived no one

knows for certain. Perhaps they were

protected by their burrows or by the

foundations of some of the military

installations, but some had lived.

The rats on Igurin share the fallen

coconuts with that most magnificent

of crabs, the coconut crab. Steel blue,

with long legs and viselike pincers,

sometimes six inches across the cara-

pace and as much as a foot and a half

long, the coconut crab was once a

source of meat for the Marshallese.

The testing of the bomb, however,

changed this. New scrub vegetation

and new populations of sea birds and

fish have replaced some of what was

killed, and the radioactive contami-

nation of the water and its organisms

has become sufficiently diluted to be

quite safe. But the coconut crab has

continued to concentrate small

amounts of the radioactive isotope of

Its legs securely hugging the trunk,

a coconut crab shins up a

coconut tree. In the Marshalls, the crab

is radioactive and unsafe to eat.

A land hermit crab, Coenobita. is about

to feed on a fallen coconut. The

opening in the fruit has been neatly

incised by elates of coconut crab.

ENIWETOK ATOLL
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The spotted egg of a Noddy Tern lies

among shells, pebbles, and driftwood

in a loosely built ground nest.

The Noddy is a dark, chunky bird,

which, like the White Fairy Tern, fishes

both in lagoons and the open ocean.

the trace element strontium, and so

is unfit to be eaten.

Safe from human predation, at

least on Eniwetok, the coconut crab,

nevertheless, remains a shy creature.

It is able to live only on islands where

there is vegetation and where men

seldom come, and Igurin is such an

island. Here hundreds of coconut

crabs roam the undergrowth every

night. When one is attacked or an-

noyed, it backs off in rapid spurts,

clapping its abdomen sharply under

the rest of its body. Normally, it

plods slowly forward, only occasion-

ally climbing Pisonia or coconut

trees. No one has ever seen a coconut

crab actually cut a coconut from a

treetop; perhaps it climbs the trees

to eat young leaves. However, the

shredded husks and neatly broken

shells of the fallen coconuts are evi-

dence of the dexterity of the crab,

which pulls off the fibers of the husk

in thin strips and then breaks open

the hard shell by inserting the fine

finger of its claw into one of the soft

eyes of the nut and starting to cut

from there. What the coconut crab

doesn't eat of the coconut meat, rats,

hermit crabs, and insects undoubt-

edly do, although the rats are quite

capable of gnawing their way to the

meat by themselves.

When they are not searching for

food or for members of the opposite

sex at night, the crabs live in burrows

under tree roots or rocks—wide bur-

rows sometimes several feet deep.

Although they are land crabs, they

begin life as marine larvae that settle

on the ocean bottom and live for

awhile like typical hermit crabs, oc-

cupying the empty shells of small

marine snails. Later they leave the

sea and crawl up the beach into the

woods, retaining their shells until

the crabs grow too large and too

tough to need them any longer. Dur-

ing the summer the adult female

bears a great cluster of orange and

purple eggs under her abdomen, and

when they are ripe she leaves the

woods, crosses back down the beach,

and dips her abdomen into the water.

Instantly, the ripe eggs hatch and the

larvae swim away, while the eggs

that are not yet ripe remain attached

and intact.

The coconut crab is not alone on

Igurin as an emigrant from the

sea. The land hermit crab, Coeno-

bita, pokes about in the undergrowth

scavenging for food, but can only

eat coconuts that have already

broken open. When the season is

right—the time of the new moon in

midsummer—hundreds of these

bright-red animals gather on the

beach late in the evening for a night

of communal mating, raising a clat-
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ter of bumping shells. The occur-

rence of such an evening seems to

bear some relationship to moon
phase and day length, a relationship

that bespeaks a strong internal physi-

ological clock and results in the re-

productive synchrony so important

for the success of the species.

A proper sideways walking crab

often wanders along the shore at

night, but the moment it is disturbed

it careens madly away across the

rocks to the security of the water,

barely touching the ground, and be-

cause of its swiftness earning its com-
mon name, Sally Lightfoot. And
ghost crabs—fast, silent, and pale-
dance along the water's edge during
the night, returning at dawn to their

burrows in the sand above the high-

tide level. Neither crab competes
with the land hermit crab or the coco-
nut crab for the food of the under-

brush. Their smaller claws and their

fleetness of foot render them more
adapted to searching for organisms

along the beach and rock ledges, and
neither can tolerate prolonged ex-

posure to the drying winds.

All four of these crabs are shy,

yet each is unique. Each has its own
particular habitat, its own means of

defense and feeding, its way of home-
making, its own specific sexual be-

havior. To varying extents these

crabs represent an escape from the

sea onto land : the coconut crab leav-

ing it most completely, Sally Light-

foot never far from its safety. They
are the link between the world of heat

and light, sand and palm trees, and
the very different world of the sea

and its reefs.

The coral reef community is one of

the richest and most complex on
earth, for here a vast array of ani-

mals make use of an abundance of

niches. The reefs of Eniwetok are no
exception. Corals grow in stran<ie

shapes and sizes; plumed tube
worms withdraw abruptly at the

slightest passing shadow; giant

clams wedge securely in the coral

heads, exposing only their brilliant

mantles; reef fish with extraordinary

colors flit among the corals; and
large, solitary fish, including sharks,

quietly search the reef for food.

Beneath the surface of the tropical

sea all is cool and nearly silent.

Above it is the heat, the brightness,

and the dryness of another world.

Each evening brings a sunset more
beautiful than the last; each day
brings, amidst the heat and bright-

ness, a rainstorm to rival the torren-

tial downfall of the day before. Rare-
ly is there a day without a trade wind
to make the heat bearable, and every
night when the moon is not up, it

seems as black as night could ever
be. Here, once again, the universe

and its nature is the way it has been
for eons, essentially untouched and
unchanged by humanity. Here a

man's footprint, however deep, soon
washes away.
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The Allure of

the Female Mosquito
By Marc Roth, L. M. Roth, T. E. Eisner

In
1878 I made and erected an ap-

paratus for lighting the grounds

of the Grand Union Hotel at Saratoga

Springs, New York, by electricity. . . .

One of the lamps worked something

like a telephone and gave out a note

.... One evening whilst examining

this lamp I found that everything in

the immediate vicinity was covered

with small insects. They did not ap-

pear to be attempting to get into the

globe, but rather into the box that

was giving off the musical note.

Upon a close examination of these

insects I found that they were all the

same kind—viz., mosquitoes, and,

what is more, all male mosquitoes

.... I was unable to find a single

female mosquito that was attracted in

the least by the sound."

This excerpt is from a letter that

appeared in The Times of London

on October 28, 1901. The author-

evidently a keen observer—was a

gentleman by the name of Sir Hiram
Maxim, a versatile engineer whose

varied claims to fame include the in-

vention of the machine gun. Al-

though Maxim confessed to being

neither a naturalist nor an entomolo-

gist, he wrote a full account of his

observations and submitted it to a

scientific journal. Unfortunately, the

account "appeared to be too stupid

to find a place in that particular pub-

lication," so Maxim had to publish in

the form of a letter to The Times. His

letter continues:

"When the lamps were started in

the beginning of the evening every

male mosquito would at once turn in

the direction of the lamp, and as it

were face the music, and then fly off

in the direction from which the sound

proceeded. It then occurred to me
that the two little feathers on the head

of the male mosquito acted as ears,

that they vibrated in unison with the

music of the lamp, and as the pitch

of the note was almost identical with

the buzzing of the female mosquito

the male took the music to be the

buzzing of the female."

To test his ideas, Maxim obtained

a tuning fork whose pitch mimicked
closely the hum made by the female

mosquito in flight. Whenever he

struck the fork close to a male, he saw
the insect "at once turn about, face

the music, and erect the two little

feathers on his head, something after

the manner of a cockatoo."

Today, Maxim would have had no

difficulty publishing his results in a

more formal manner. Animal be-

havior is an established field, with

countless investigators throughout

the world attempting to discover the

particular ways that organisms inter-

act with each other and with their

environment. Since 1900 numerous
casual observers have referred to the

attraction of male mosquitoes to

sounds. Some noticed that the insects

could be lured to musical instru-

ments when notes within a certain

frequency range were played: others

even purported to attract them with

the human voice. A few years ago.

L. M. Roth, one of the writers, had
the chance to investigate the problem
in some detail, and other researchers

later made additional studies. Maxim
was correct, both in his observations

and in the conclusions he drew from
them: male mosquitoes are attracted

to the sounds made by the wings of

female mosquitoes in flight, and this

is indeed the way that males and
females come together in nature to

mate. But the full story is more com-
plicated and more interesting.

The notorious carrier of the yel-

low fever virus is Aedes aegypli.

Because it is easily reared indoors

and able to withstand drastic experi-

mental manipulation, this mosquito

makes an ideal laboratory subject.

In A. aegypti, as in the species ob-

served by Maxim, mating is initiated

in flight. Males are attracted to

sounds between frequencies of 300
and 800 cycles per second. The beat-

ing wings of females emit sounds

varying from 450 to 600 c.p.s., falling

clearly within the range that lures the

males. The sensitivity of the male to

volume is not especially great: if the

female is more than ten inches away,
the male usually ignores her.

The role of sound in attracting the

males can be demonstrated not only

with such artificial sound sources as

tuning forks but also with live fe-

males tethered to wires and intro-

duced into caged populations of

males {see pages 30 and 31 ) . Tether-

ing is accomplished by first anes-

thetizing the female with a jet of

carbon dioxide, then cementing the

tip of a fine wire to the back of her

thorax. Care must be taken to insure

that the cement will not interfere with

the motion of the wings. Once recov-

ered from her "sleep," she beats her

wings as in normal flight, suspended

from the wire like a minute aerial

performer.

Such a tethered female is attractive

only as long as her wings are in mo-
tion. Males fly toward her, seize her

from beneath , and mate with her.

This procedure lasts only a few sec-

onds, and is no different from what
ordinarily takes place in nature. If

the wings are amputated or immobil-

ized with cement, or if the female

should, on her own initiative, mo-
mentarily rest her wings, she is left

with no allure. Even at close range,

the males simply fly past her as if she

were not there.

Males must have their antennae in

order to respond to females. Removal
of antennae (antennectomy I is easily

accomplished under anesthesia by
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The swollen segment at the base of the

antennal shaft contains sound receptor

cells and is the "ear" of male mosquito.

*5,r -* «— '-

severing them with a sharp scalpel.

Males treated in this fashion are, for

all intents and purposes, deaf.

The "ear" of the male {shown at

left I is a structure of considerable in-

terest and can be understood only by

examining the antennae in some de-

tail. Each antenna is essentially a

flexible shaft, consisting of fifteen

hinged segments. The second seg-

ment from the base is conspicuously

swollen and houses the actual re-

ceptor cells that perceive sound.

These cells are stretched between the

rigid outer wall of the segment and

the thin articular membrane by

which the segment connects with its

distal neighbor (segment three )
.
Any

vibration set up in the antennal shaft

by sound waves impinging on it will

cause the articular membrane to be

rhythmically deformed; this in turn

forces distortions upon the receptor

Cross section shows outline of articular

membrane (also diagramed beloiv),

which aids in vibration transmission.

to other antennal sense cells

SEGMENT III

SEGMENT II

antennal
- nerve

cells. In response to such distortions,

the cells release bursts of nerve im-

pulses that are channeled, via the an-

tennal nerve, to the brain and eventu-

ally, by way of the nerve cord and

appropriate motor nerves, to the

muscles. The particular rhythm with

which the antennal shaft vibrates is

obviously a function of the frequency

of the impinging sound waves. If the

sound is that of the flying female, the

nervous system "recognizes'' it as

such and sets in motion the train of

events that leads to pursuit of the

mate and copulation. Thus, the elab-

orate business of reproducing the

species is essentially triggered by a

signal no more complicated than a

simple musical note.

One of our conclusions was actu-

ally drawn with some risk of error.

Although antennectomy abolishes the

response to sound, does this actually

Sound deforms membrane, which causes

receptor cell to send impulse to brain.

On the head of newly emerged male mosquito (genus Aedes) antennal bristles lie

recumbent against main shaft. The proboscis is in center, flanked by the palpi.
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prove that the male hears with his an-

tennae? One might argue, for ex-

ample, that although without anten-

nae the male does not react to the

female, he is still able to hear her.

However, one need not resort to an-

tennectomy to remove the sound re-

sponse. If the antennae are weighted

at their tips, or if they are immobil-

ized with glue, the male also behaves

as if he were deaf. In other words, it

is the antenna's ability to vibrate that

is important. This adds considerable

support to the belief that the elabo-

rate sensory apparatus at the base of

the antenna, whose very construction

suggests that it must serve for vibra-

tion detection, is indeed the mosqui-

to's auditory organ.

Comparison of the antennae of

male and female brings to light a

striking difference. While the female

has antennae that are almost naked.

those of the male are densely covered

with bristles. These bristles are an

important adjunct to the hearing ap-

paratus. They are not indispensable

for hearing, since they can be re-

moved and the male still responds to

tuning forks. But without them sensi-

tivity to sound is drastically reduced,

and the male may no longer react to

the weak hum of its mate. The bristles

evidently serve to "collect" the

sound, and act in the manner of an

amplifier system. Without bristles,

the antenna is like a mast without its

sail, unyielding in a breeze.

There are other features of the

reproductive behavior of Aedes that

are related to its habit of communi-
cating by sound. When the male first

emerges from the pupa, he is sex-

ually incompetent. This is because his

genital apparatus, consisting of an

intromittent organ and various ac-

When male is several days old and sexually mature, the bristles on the antennae

become erect. In this condition they are able to "collect" the sound of the female.

cessory structures, is oriented upside

down. The proper orientation is not

assumed until about two days later.

During this period, the entire tip of

the abdomen, together with the geni-

tal apparatus that it bears, undergoes

a gradual rotation of 180 degrees.

This peculiar phenomenon is re-

markable in itself, although nothing

is known about its significance. But

one thing is clear. During the first

forty-eight hours of his adult exist-

ence, the male has nothing to gain

from an ability to hear the female.

He would only expend valuable mus-

cular energy in the fruitless pursuit

of a sexual partner with which he

could not mate. Interestingly, during

this period the bristles on his anten-

nae are not erect, as they are in older

males, but lie recumbent against the

antennal shaft {see page 28). Be-

cause the "amplifier system" is still

non-functional, his chances of detect-

ing the female are correspondingly

low. This is a beautiful example of

how two separate but interdependent

events in the development of an ani-

mal—the revolution of the abdomen
and the erection of the bristles—are

synchronized to the obvious adaptive

advantage of the animal as a whole.

Actually, a male newly emerged

from the pupa hardly flies at all.

This is attributable not only to his

inability to mate but also, strangely

enough, because in flight he would

be attractive to older males. When a

recently emerged male is forced to

fly in a cage with older males, the

latter pursue him and attempt to mate

with him. and in the struggle the

young male often loses some of his

legs. A young male in flight has a

wingbeat frequency close to that of

the female, and the older males are

simply drawn to him by mistake.

Only when a male is mature do his

wings assume a quicker beat, and the

tone they then emit falls above the

range normally attractive to other

males. The discrepancy in the sounds

emitted by mature males and females

is, of course, the reason why sexual

encounters between mosquitoes of

the same sex do not ordinarily occur.

The female similarly remains at

rest for some time after emergence. A
young female, if forced to fly in a

cage with males, is ignored. Her

wings beat at a frequency that is still

relatively low—too low, in fact, to at-

tract males. Later on, the pace of her

wings quickens and she becomes at-
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effects of sound on various mosqui-

toes might be put to practical use. In

the late forties, in Cuba, the sounds

of a malaria transmitter, Anopheles

albimanus, were recorded, amplified,

and played back in the field. Males

were attracted in huge numbers and

killed on an electrified grid placed

near the speaker. Although this ap-

proach proved impractical for large-

scale programs of mosquito control,

the possibility cannot be dismissed

that sound might some day be used as

an effective means of controlling

other harmful or destructive insects.

--^
y^:

Below, haling been attracted by sound

of ivings, male mates with female glued

to icire. Above, males of genus Opifex

pursue a pupa (object below mosquito

at left). In this genus, mating can begin

before female emerges from pupal skin.



The British consul general, A. G. R. Rouse,

walked into Manhattan's Kennedy Galleries for

the opening precisely at five thirty, as promised.

The paintings, thirty-four in all, had survived the

rigors of shipment from England and now hung

on the Galleries' putty-colored, non-declamatory

walls. Carl Buchheister, President of the National

Audubon Society, had arrived five minutes before

the consul general. The two—honorary cosponsors

of the exhibit—chatted amicably and were soon

joined by gallery president Rudolf Wunderlich

and the painter Basil Ede.

When all the guests had arrived, the consul

general, in a brief, dignified speech, outlined

Ede's career: school in Surrey; a stint as purser

for Orient Steamship Lines; exhibitions in Eng-

land and, in 1964, at the Smithsonian. Mr. Buch-

heister spoke next and commented on the influ-

Basil Ede's Birds

In a New York Gallery
ential role of bird artists in wildlife preservation.

He mentioned Audubon and Fuertes. A ripple of

applause ended the formal part of the opening.

Clusters of people then walked from painting to

painting. Afterward, they drifted gradually out

the front door on East 56th Street and into an

overcast April evening.

Basil Ede once protested that some people ap-

preciated only technical skill and did not grasp

his principal aim—to convey the character of the

subject. In Ede's case, it is difficult to avoid dwell-

ing on craftsmanship. His technique is brilliant.

Every detail of the Yellow-shafted Flicker, for ex-

ample, is meticulously done: the horny sheath of

the bill, the scutellate tarsi, the claws, and, notably,

the elegant black moustache. Even the rictal bristles

—tactile hairs at the base of the bill—can be counted

and correlated with reality. Except for the recessive

background and the startling pose, the painting of

the flicker engenders the irrepressible impulse to

test for verity, to view it from as near as possible.
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Yellow-shafted Flicker Colaptes auralus
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Baltimore Oriole Icterus galbula

This is also true of the Tree Swallows, particularly the one

flying to the nest. Its wings are so lifelike that someone

could be forgiven the plan to subject the painting to scrut-

iny under a microscope. That plan would make certain that

artistic illusion is, after all, illusion and that—say in the

swallow's primary wing feathers—Ede has not gone so far

as to paint microscopic barbules. These tiny hooking de-

vices, in the feathers of a real bird, interlock the barbs, the

"feathery" parallel filaments that extend obliquely from

two sides of the feather's main shaft. The barbs play a large

role in producing the blue color of birds. Blue in feathers,

as well as green and iridescence, results from structural

coloration: the barbs are so built that all light but blue is

absorbed by a pigment deep in the internal structure of

the barb. Blue light is intercepted, so to speak, and reflected

by a thin layer of cells closer to the barb's surface.

White feathers, as in the telltale rump of the flicker or in

the equally distinctive undersides of the Tree Swallow,

have no pigment. They reflect all wavelengths in the visible

spectrum. Chemical substances govern color where struc-

tural, physical properties do not. These substances are act-

ually pigments or, as they are called, biochromes, that ab-

sorb and reflect only specific wavelengths of the visible

spectrum. The yellow of the flicker, the orange of the Bal-
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timore Oriole, and the orange-red breast of the Robin are

produced by carotenoids—technically the same pigments

that color the fall leaves of the birch tree shown here sup-

porting an abundance of Black-capped Chickadees. Their

caps—to complete the gamut of color—like the dull, gray-

brown topsides of the robins, are colored by melanins:

granular, murky pigments that absorb anywhere from rela-

tively many to virtually all wavelengths.

Two years before his death in a.d. 1250, Frederick II, a

versatile Hohenstaufen who reigned as Holy Roman em-

peror, published a book on the art of falconry that, for its

time, was ornithologically far advanced. One of the ele-

ments that made De arte venandi cum avibus a landmark

was an accurate description of the uropygial, or preen,

gland. Located on the rump, the uropygial gland, when

Black-capped Chickadee Parus atncapillus Robin Twdus migratorius

squeezed or stimulated by the bill, secretes an oil reputedly

rich in vitamin D. Certain feathers—and the process must

vary widely by species—are then drawn through the mandi-

bles, oil being thus transferred to the feathers. The oil pre-

sumably conditions or waterproofs, and the action of the

mandibles, apart from spreading the oil, smoothes and re-

engages the barbules. Even a bird that is a long time away

from its last molt can, by continuous and vigorous preen-

ing, retain a modicum of sartorial elegance. The Belted

Kingfisher at right, however, looks slightly unpreened. Its

charm results, then, as much from the condition of its feath-

ers as from its interest in the oxygenating fishlet. The



Belted Kingfisher Megaceryle cdcyon



Canada Jay Perisoreus canadensis

kingfisher, it must be said, like the Pileated Woodpecker,

shows more a condition of neglect than the careful and good

grooming typical of most birds in the wild. But as Basil

Ede warned, some people don't get beyond technique, and

lest feathers alone obtain overriding significance, consider

the Canada Jay.

This jay has been treated badly in the reports of at least

several generations of northern woodsmen. In the Life His-

tories, for example, A. C. Bent quotes part of a letter writ-

ten in 1895 by a certain Manly Hardy: "The Canada jay

is almost omnivorous; it . . . will eat anything from soap to

plug tobacco, for it will, at least, steal and carry off such

unsavory morsels; some Indians have said: 'Him eat mocca-

sins, fur cap, matches, anytink.' " In spite of the aspersions

traditionally cast on its character, the Canada Jay enjoyed

great popularity at the exhibition. Not only was it most

frequently visited, but it also had the substantial distinction

of being the first painting sold.

In contrast to the well-lighted, coniferous background ac-

corded the jay, the combination of lichen and leafless trees

gives the Pileated Woodpecker painting a less cheery, but

far stronger, tone. In addition, it brings to mind again how

magnificent a woodworking machine the woodpecker actu-

ally is: the powerful, elongated neck; the large, heavy skull;



Pileated Woodpecker Dryucvpus pileatus



Bubo virginianus



and the chisel-ended bill that evidently drives into wood

from two alternating angles—the way an ax is put to a

tree by a lumberjack. Zygodactyl feet (each foot with two

toes pointed forward, two pointed to the rear) and the stifE

tail featliers form the functional tripod that supports the

hammering bird.

In addition to acute hearing—with which the ear tufts, or

"horns," of the Great Horned Owl have nothing whatever to

do—and the soft plumage that muffles the prey-warning rustle

of flight, owls possess perhaps the single most obvious adap-

tation for a life of nocturnal predation—extraordinary dim-

light vision. That Basil Ede has painted the wide, yellow

eyes so impressively is exactly fitting. His owl, properly, is

all eyes, quietly colored feathers, and raptorial claws. At

night a real owl gathers light and collects sounds and, so

armed with information, locates, approaches, and seizes its

prey. Those abilities and those consequences are suggested

by Basil Ede's handsome and intent horned owl.

An Argentinean ornithologist who recently visited the Or-

nithology Department at The American Museum saw color

photographs of Basil Ede's paintings. The ornithologist re-

vealed that he was also something of a bird painter, although

he confessed that his water colors were painted largely to

illustrate taxonomic color patterns for a book on South

American birds. Originally a Scandinavian, he spoke knowl-

edgeably about European art, often mentioning Van der

Meer. His comments on the Ede paintings dealt, in addition

to ornithological considerations, with the subtleties of light

and shadow. "One thing is certain," the Argentinean con-

cluded, "Basil Ede is a master." Alfred Meyer

Photograplis by Lee Boltin
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Jungle Gods of

Deep in the Colombian Andes, a be-

wildering array of monumental stone

sculptures stands ivitness to a remote

past. Now the site of an archeological

park, this complex is not only a major

tourist attraction but also a subject of

continuing speculation and research.

bi} G. Reichcl-Dolmatoff

In 1757 a Spanish friar, Juan de

Santa Gertrudis, was laboriously

crossing the lonely fastnesses of the

Andes, on his return from a mission

station on the headwaters of the Ama-
zon. One day, followed by his Indian

carriers, he arrived at a small cluster

of huts, the village of San Agustin,

situated on the very source of the

Magdalena River, deep in the moun-
tain folds of the mighty Andean core.

From here, the three great chains of

the Colombian Cordilleras spread to-

ward the north.

The village had few people to wel-

come the lonely traveler, but among
them happened to be another cleric,

a member of the Third Order, who had
established himself at San Agustin

on a special mission and who now
cheerfully offered his hospitality to

the tired priest. Over a hearty eve-

ning meal the cleric confided to Friar

Juan that he was an inveterate treas-

ure hunter, and that, with the help

of laborers he had brought with him

from the city of Popayan, he now
was digging for buried gold among
the ruins and monuments—evidence
of a long-forgotten race—he had

found scattered in the surroundings

of the village. The next morning,

while his Indians were still asleep

after a night of merrymaking. Friar

Juan set out to see for himself, and

soon was standing in awe before a

strange assembly of huge sculptures

hewn out of solid rock.

In a nai've account of his adven-

tures. Friar Juan writes that what

he then saw was clearly the work

of the Devil. To the friar, the statues

San Agustin
obviously represented mitered bish-

ops in pontifical garb and also Fran-

ciscan friars of the Observant Order,

some shown as if preaching, while

others seemed to be standing in medi-

tation with arms crossed and hands

hidden in the wide sleeves of their

clerical robes. But, Friar Juan rea-

soned, since these images must surely

be older than the Order of St. Fran-

cis and the Indians did not possess

iron tools for stone carving, only the

Evil One himself could have fash-

ioned these strange images, perhaps

to forebode the coming of Christ's

ministers to the American infidels.

This first description of the now
famous archeological site of San

Agustin remained unpublished for

nearly two centuries. It was discov-

ered only recently in the public li-

brary of Palma de Mallorca, Friar

Juan's native town, where he died

in 1799 after many years of travel

and missionary work in the kingdom

of New Granada, or what is today

Colombia.

After Friar Juan, others had come,

and with them the realization that

the stone images ranged through

many types not limited to those Friar

Juan wrote about. In 1797 Francisco

Jose de Caldas, Colombia's scientist-

martyr of Independence times, vis-

ited San Agustin and, in his later

writings, called public attention to the

prehistoric monuments he found in

the surroundings. In 18.53-.54 the Ital-

ian geographer General Agustin

Codazzi mapped the region, remain-

ing for some time in the village. To
his companion, the painter Manuel
Maria Paz, we owe the first pictorial

record of some of the stone images.

More than half a century

passed, however, before any

systematic exploration was begun. It

was only in 1913 that Konrad Theo-

dor Preuss, of the Museum fiir V61-

kerkunde, Berlin, initiated scientific

archeology in Colombia by making
the first large-scale excavations at

San Agustin. His profusely illus-

trated report first brought the stone

sculptures of San Agustin to the at-

tention of the scientific world; since

then sporadic expeditions have come
to the Magdalena headwaters in

search of more statues and temples.

In 1935 the Colombian Ministry

of Education put the main archeo-

logical remains under government

protection and established an "arche-

ological park" as a tourist attraction

and a center for research and preser-

vation. Major excavations were car-

ried out in 1936-37 by the Spanish

archeologist Jose Perez de Barradas,

and since then work by Colombian

and foreign research teams has con-

tinued intermittently. However, not

all of these excavations have met the

more exacting standards of latter-day

archeological theory and method. If

Friar Juan was puzzled by what he

took to be images of solemn priests

and monks, the modern archeologist

must admit that, even at present,

many questions concerning the ori-

gins and wider relationships of San

Agustin culture remain unanswered.

Today the old Andean village of

San Agustin has developed into a

small, but active, center of cattle rais-

ing and agriculture. Located on the

eastern flanks of the Macizo Colom-

biano, the little town lies in a fur-

rowed, fertile valley, at an altitude of

about 5,500 feet above sea level. The
local peasants, mostly descendants of

immigrants from neighboring dis-

tricts, take pride in the international

fame their narrow valley has ac-

Stone images represent humans, ani-

mals, and jnonstrous combinations. The
fanged human here indicates worship of

jaguar god; a string ties penis to pelvis.
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What the sculptures signify is usually

conjectural. This huge triangular head

stands at the foot of a temple mound in

the archeological park at San Agustin.

quired for its prehistoric past and
eagerly guide the visitor to the many
monuments found in the surrounding

hills and mountain slopes.

Actually, San Agustin is not a

compact site, a single center, but

rather a complex formed by thirty

or more small, widely scattered units.

Accordingly, the over-all archeologi-

cal area covers several hundred
square miles, and because much of

the countryside is heavily forested,

its exact limits are still unknown and

new discoveries are frequent. At any

rate, the outstanding traits of San
Agustin culture are its architectural

features and monumental carvings.

For raw materials the ancient

builders certainly had not far to go:

large boulders of andesite and basalt

are common in the valley. These ma-
terials were built into many low,

conical earthen mounds: some served

as shrines, others were used for

burial purposes and contained pre-

pared central crypts or tombs
reached through a stone-lined gal-

lery. There are mounds that reach a

diameter of almost one hundred feet

and a total height of more than six-

teen feet; these may contain several

crypts. Construction is of rough
blocks and boulders, some set like

heavy columns and sustaining a roof

of horizontal slabs. The heaped-up

earth covering the structure is some-

times kept in place by a circular re-

taining wall of vertical slabs.

The central crypt generally has a

rectangular ground plan, and the

rough inner surfaces of these sepul-

chral chambers or shrines still bear

traces of paint showing geometric de-

signs in red, white, black, and yel-

low. Huge anthropomorphic stone

carvings or large monolithic sar-

cophagi have been found in the

mounds, where the spirits of the dead

and the demonic representations of

tribal gods were worshiped.

Pacific Ocean

Either combined with these mound
structures or standing apart, singly

or in groups, are the large stone

sculptures for which San Agustin
has become justly famous. Nor are

they only of the "bishops" and
"monks" that intrigued Friar Juan.
The great stylistic variety of these

impressive statues (more than 320
are known today) makes it difficult

to give a concise, over-all description

of them. Some consist of huge slabs

with bas-relief carvings on the flat

front and back surfaces; others are

simple cylindrical shapes on which a

human or animal figure is outlined

only superficially. Still others, carved
in the round and using various

planes, give proof of highly skilled

workmanship and true mastery of

form and material. Varying in body
proportions and height—the tallest

statues are about twelve feet—these
stone carvings show a wide array of

human and animal shapes or mon-
strous combinations of both.

Squat human bodies with short,,

stiff limbs carry disproportionally

large heads with feline features.

Pointed fangs protrude from snarling

jaws. There are warriors with hel-

mets and clubs, with secondary
figures crouching on their heads, as

if climbing over the backs of the
statues. Others show females with
elaborate headdresses, squatting ani-

mals, and a bird of prey holding in

its beak and claws a writhing snake.

But these stone carvings are not lim-

ited to free-standing statues of sculp-

tured slabs; they are found also on
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bedrock outcrops and on the huge

boulders that dot the countryside.

Some boulders with more or less flat

surfaces are covered with reliefs of

snakes, lizards, frogs, or human be-

ings, which are chiseled or scratched

into the volcanic rock. An extraordi-

nary complex of intricate carvings

can be seen at the Lavapatas site

where bedrock exposed by a small

stream has been sculptured in such

fashion that a number of small,

meandering ducts distribute the fast-

flowing water into several pools

whose walls are adorned with carved

reptiles and human figures. Similar

ill situ carvings will most likely be

found in other spots as the forest is

cleared by advancing colonists.

Gods or divine ancestors, priests

or warrior chieftains, what-

ever these strange statues and carv-

ings were meant to portray, their

stolid weight and fierceness of ex-

pression never fail to impress the on-

looker and make him wonder who
the people were whose inner vision

projected these weird images in

stone. No doubt the creators of these

mounds, temples, and statues were

sedentary agriculturalists—maize

farmers who peopled the hilltops in

scattered villages and homesteads.

Large, rectangular grinding stones

and loaf-shaped manos are found at

many sites, and on some of the moun-

tainsides one still can see the outlines

of ancient fields. Long parallel

ridges, separated by shallow furrows,

cover the slopes and bear witness to

fairly advanced agricultural tech-

niques. Next to maize it is probable

that squash and beans were culti-

vated, and these, together with the

root crops and the many wild-grow-

ing fruits characteristic of Colom-

bia's temperate mountain valleys,

must have provided a stable eco-

nomic basis.

No large village sites have yet been

found at San Agustin, but several

small clusters of circular houses have

been excavated in recent years. Ex-

cept for some stone alignments, it

seems that domestic architecture em-

ployed wood instead of stone, and

that the houses were constructed with

Many statues are elaborately designed

guardians of the dead. Surmounting

the helmeted head of this armed war-

rior is figure of a helpful tutelary deity.
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mud-covered walls and had conical,

thatched roofs. The pottery found in

these house sites or in the graves and

mounds is rather drab, and simple in

shape and decoration. The mono-

chrome brownish or reddish wares

are mainly utilitarian vessels and

bowls, shallow plates and dishes,

pedestal cups, double-spouted vessels

with spherical bodies, and some tri-

pods with elongated conical supports.

Decoration consists of rows of dots,

incised geometric designs forming

triangles or groups of parallel lines,

and, occasionally, the reversal of pat-

tern and background called negative

painting. Even pottery associated

with the burial sites is undistin-

guished, and the same is true of the

stone celts, clay spindle whorls, or

stone necklace beads found so far.

The apparent simplicity of the

ceramics and other artifacts of daily

use is in sharp contrast to all aspects

of ceremonial character. However,

San Agustin is not a temple center

supported by a large community

settled in the surroundings. Although

there may have been specialized

priests and artisans, the house sites

found so far suggest a widely spread

rural population, similar in many
details to maize farmers in many
other Colombian valleys. And the

ceremonial features—mounds,
shrines, monumental sculptures, and

so on—are not centered upon a major

architectural complex but mostly

seem isolated traits whose common
basis is emphasis on burial rites and

representation of tribal deities.

The range of burial customs is

wide: stone-lined cist graves, mono-

lithic sarcophagi, shaft graves with

vaulted lateral chambers, clay burial

urns, even incineration. The position

of the corpse varies accordingly. In

some graves the dead are buried in

a flexed position; in others they lie

fully extended or even stand upright

in the grave shaft. This marked vari-

ety of customs has sometimes been

interpreted as indicating a social

stratification, but it seems more

reasonable to suppose that the main

differences in burial rites reflect dif-

ferent chronological phases.

The large, monolithic sarcoph-

agi, sculptured out of a single rock

weighing tons and sometimes pro-

vided with carved lids and conical

projections for carrying, are cer-

tainly an outstanding feature. They
may well have served for the burial

of chiefs or priests, but the many
types of cist and shaft graves, urn

burials, or simple pits are probably

due to changes in time. In some of the

graves a few gold objects have been

found, but the art of metallurgy, for

which other regions of prehistoric

Colombia are famous, does not seem

to have flourished at San Agustin. A
few flat nose rings, ear ornaments

of thin wire, and some small bird-

shaped pendants have been found,

but little is known about their asso-

ciations and techniques. Although

the lost-wax method (see Natural
History, August-September, 1965)

seems to have been known to the local

goldsmiths, its use never reached the

level of perfection we can see in other

prehistoric cultures of Colombia.

This returns us to the stone

carvings, because many statues

display a great number of body or-

naments and other features permit-

ting a glimpse at some aspects of the

material culture of these people.

Some statues wear nose rings—chis-

eled into the stone—of the same flat,

wing-shaped type as those found

among the golden hoards of the Cen-

tral Cordillera farther north. Other

ornaments depicted on stone may
also have been of gold; for example,

a variety of bracelets, ear ornaments,

or diadems. However, many of the

sculptured necklaces that adorn the

statues probably represent ancient

strings of stone or shell beads.

Female dress, judging by the stone

sculptures, was limited to a wrap-

around skirt or a small square apron,

the latter also a common part of male

clothing. Some male statues, how-

ever, are nude except for a string to

which the penis is tied. There is a

strong emphasis on elaborate head-

wear, from small round caps to tas-

seled hats, helmet-shaped objects, or

large semicircular ornaments that

most likely represent feather crowns.

Many statues carry objects in their

Some of the images are highly stylized.

This large slab portrays a figure ivho is

grasping a pair of staffs—another wide-

spread motif in Andean archeology.



hands, either clutched to their chests

or displayed menacingly. One seems

to play a flute ; another carries a fish

;

still another holds a snake. A female

statue has a cup in one hand, and

some of the male statues seem to

carry shields. A skull trophy adorns

yet another statue, and others appear

to be wearing masks or holding staffs

in their hands.

The over-all impression of these

carvings is one of bewildering diver-

sity of technique, style, and detail of

representation. Some statues show

hardly more than the bare outline of

a body—a crouching figure not yet

extricated from the heavy boulder—

but others are true free-standing

sculptures, fully individualized and

sometimes in powerful movement.

Hundreds of battered stone celts.

found at the foot of some of these

sculptures, were tools with which the

native artists shaped the images.

The symbolism of the statues, and

of the many subsidiary carvings cov-

ering some of them, has aroused

much speculation. A recurrent theme

is the beastlike snout, reminiscent of

a snarling jaguar with protruding

fangs. Although the rest of the body

is essentially of human shape, the

ferocious features of the jaguar-mon-

ster are very prominent. Probably,

these statues represent the feline god

widely worshiped in ancient America.

More difficult to interpret are

the representations of an-

other monstrous deity. It seems to be

tearing from its mouth a small being

that hangs, head down, as if half

Along uilh tribal gods, spirits of the

dead are part of sculpture array. This

crypt is roofed with stone; the other

slabs serve as earth-retaining walls.

swallowed or half brought to light.

Again, it would not be difficult to

find parallels with other prehistoric

cultures, ranging from Nazca in Peru

to Costa Rican stone carvings, but the

meaning of this motif is unknown.

Preuss saw in this representation a

solar deity consuming a child sacri-

fice—an interpretation shared by sev-

eral Colombian scholars. Other stat-

ues have been variously interpreted

as rain gods, war gods, bat gods,

lunar deities, and so on, but obvious-

ly the evidence for all this is tenuous.

Striking, too, are the statues with

a "double," an alter ego, crouching

on their backs. The idea has been
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Locally called "El Buho," this carving

depicts an owl-like hawk ivith serpent

in its beak and claws—a symbolic motij

often found in Colombian mythology.

advanced that the secondary figures

represent tutelary spirits that hover

over warriors, but more likely the

concept is derived from animal furs

being carried on the back. This sup-

poses the animal head is meant to

form a mask, perhaps a special type

for ceremonial purposes.

One of the best-known stone carv-

ings shows a large bird, an "owl,"

holding a snake in its beak and claws.

Probably this statue represents a

Crane-Hawk (Geranospiza caerules-

cens
)

, a bird common in the tropical

lowlands of Colombia and often seen

catching snakes this way. The hawk-

and-snake dualism, with its East-

West association of life-bringing and

life-destroying forces, is a frequent

motif in the myths of the modern

Indians of northern Colombia, and

it may well be that the San Agustin

sculpture shares this symbolism.

However tempting these compari-

sons and interpretations may be, they

are hardly more than guesswork, and

we need firmer ground if we want to

trace the growth and external rela-

tionships of local culture. First, be-

cause of San Agustin's undoubtedly

long history, comparisons must be

established on different levels. One

cannot speak of a "San Agustin

style" ; the variety of stone carvings,

of burial customs, and of pottery

types all indicate that the passage of

time brought these differences.

In the second place, the diffusion

of San Agustin culture and its differ-

ent phases within Colombia has not

yet been traced in adequate detail,

especially with reference to the cor-

relation of ceramic types from other

regions. The oldest radiocarbon read-

ing obtained so far is 555 B.C. This

date, according to Luis Duque

Gomez, the foremost Colombian au-

thority on the subject, marks the

beginning of the so-called Lower

Mesitas Period of San Agustin, the

end of which would be marked by the

date A.D. 425. It is within this time

span of almost a thousand years that

Professor Duque has placed the fol-

lowing traits found at San Agustin:

the shaft graves with lateral cham-

bers; the predominantly mono-

chrome pottery in the shape of glob-

ular jars; the pedestal cups, dishes,

double-spouted vessels, and tripod

vessels; the frequency of incised

decoration, but occasional occur-

rence of bichrome and negative

paint; the beginnings of metallurgy;

and the cultivation of maize. The next

period (Middle Mesitas), postulated

between A.D. 425 and 1180. is char-

acterized by monolithic sarcophagi;

the construction of large burial

mounds; stone-cist graves and urn

burials; and the development of

stone carvings. With a few exceptions

the same pottery tradition continued,

but the metallurgy of gold now con-

tained some new techniques in pot-

tery decoration, such as crosshatched

incisions and tubular stamping.

This sequence, covering the bet-

ter part of two millenniums, is,

of course, not more than the barest

outline of cultural developments;

future research will aim to break

down these periods into smaller units.

However, the present postulate can

serve as a tentative basis for discus-

sion. First, 555 B.C. probably does

not mark an initial stage of the local

culture. Placed within the wider con-

text of development in Nuclear Amer-

ica—the region extending from cen-

tral Mexico to northern Chile where

ancient cultures were most advanced

—such traits as large anthropomor-

phic statues, the feline cult, head

trophies, perhaps also monolithic sar-

cophagi are probably much older,

and if we can assume a genetic rela-

tionship between the Olmec culture of

Mexico and the Chavin culture of

Peru, would precede the San Agustin

date by several centuries.

As current research probes deeper

into contacts between Mexico and the

west coast of South America, it be-

comes increasingly likely that the

San Agustin area and. perhaps, other

regions of inter-Andean Colombia

received a strong stimulus from

groups that might have penetrated

from the Pacific coast toward the

Cauca and Magdalena valleys. Such

movements, although basically coast-

wise, probably led to diffusion along

these valleys and the Andean spine.

At any rate, recent archeological re-

search on the Pacific coast of Colom-

bia has brought to light new evidence

of overseas contact with Mexico

about 500 B.C. It is significant that

some pottery types from the coastal

regions seem closely related to the

ceramics of San Agustin, especially

those of the Lower Mesitas Period,

and it is probable that future research

will be able to establish definite links

between the seafaring Mesoamerican

colonists and the inter-Andean maize

farmers of Colombia. But again, the

deeper roots of San Agustin must go

back to a still earlier time level, the

one during which the cult of the jag-

uar god was diffused. A tentative date

of about 1000 B.C.—correlating the

Olmec and Chavin cultural periods-

would mark this horizon. Its identifi-

cation and characteristics are at pres-

ent one of the main tasks of Ameri-

can archeology.

Although the adjectives most

frequently applied to San Agustin

culture are "mysterious" and "enig-

matic," it is obvious to the archeolo-

gist that there is nothing that could

not be resolved by future field work.

Careful stratigraphic excavations,

sherd analyses, and the working out

of pottery sequences may be tedious

and unspectacular tasks, but they are

the only valid and rewarding meth-

ods we can use to place San Agustin

and its ancient creators into the wider

context of American prehistory.

Another example of fierce countenance

with jaguar teeth, this monument at San

Agustin portrays a god holding a small

child, perhaps a victim for sacrifice.
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Do comets really break doivn to produce

meteor shoivers? Radio astronomy s methods

of observation provide valuable new data

By Thomas D. Nicholson

After about a century of wandering unseen through

the solar system. Comet Tempel-Tuttle was detected

last year in a search conducted by the German astrono-

mer Dr. J. Schubart. Originally discovered independ-

ently by W. Tempel of France in 1865 and H. P. Tuttle

of the United States in 1866, the faint comet had re-

turned twice-in 1899 and in 1932-but was not seen

either time. Schubart was using Comet Tempel-Tuttle to

test a special computerized program for predicting the

positions of objects orbiting in the solar system.

This comet's main importance is the similarity of its

orbit to the orbit of the meteor stream responsible for

the famous November shower, the Leonids. Giovanni

Schiaparelli, in 1866, first pointed out the apparent re-

lationship between comets and some of the annual

meteor showers seen by man. Since Schiaparelli's time

we have developed new visual, photographic, and radio

techniques for observing meteors: methods that enable

easy and accurate calculations for the orbits of meteors

and the swarms of particles that produce meteor show-

ers. Most useful are the radar techniques, which permit

direct measurement of meteor positions, paths, and

velocities from a single station. Generally, radio has

made meteor observations somewhat independent of

weather and has extended this work into daytime hours.

Radio methods depend upon the fact that meteor trails

reflect radio waves. The solid meteoroid itself, the par-

ticle that produces the meteor, is not actually observed.

But the meteoroid particle, as it travels through the

earth's atmosphere, leaves in its wake a column of ion-

ized gases. It is this trail of charged gas particles, per-

sisting briefly after the meteoroid has passed, that is

detectable bv a reflection or echo of precisely timed

pulses of radio energy, which are beamed toward the

sky. The characteristics of this radar echo reveal the

presence of a meteor, its distance from the ground sta-

tion, and the velocity of the meteoroid particle.

One of the most exciting results of radio meteor ob-

servations was the discovery of meteor showers that oc-

curred during daylight hours. From early May until late

July, the earth apparently encounters a broad, complex

series of meteor streams approaching from the sunward

side and, therefore, producing daytime meteors. Sir

Bernard Lovell of the University of Manchester, Eng-

land, identified about twelve distinct radiants in this late

spring and early summer display, although only three

of them are sufficiently abundant and reliable to be

classed as major showers. Among these is one, the day-

time Arietids, that turns out to be the most active annual

shower of the year, even more so than the two most

active annual nighttime showers, the August Perseids

and the December Geminids.

Another daytime shower, the Beta Taurids, ful-

filled an interesting prediction made in 1940 by Profes-

sor Fred Whipple of Harvard. He calculated that the

low-yield autumn Taurid shower was in reality a major

stream of particles dispersed over a long column of

space, deducing this because the earth took from mid-

September to mid-December each year to pass through

it. He also calculated that the stream revolved around

the sun in a period of about three and a half years in

almost the same plane as the earth's orbit. He concluded

that the stream should return to the earth's orbit again,

after passing around the sun, in late June and early July,

but this time approaching in the daytime sky. Radio dis-

covery of the Beta Taurid shower, reaching maxi-

Radar echoes of three bright meteors (top) give their

velocity and distance; marks beloif confirm time of visual

sighting. At right is photo of all-sky, visual observatory.
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Halley's Comet is associated with tivo streams of meteors,

although, orbits differ somewhat. Photograph of this famed
visitor was taken in 1910, the comet's most recent sighting.

mum about June 29 each year, confirmed the prediction.

With the addition of the three major daytime showers

discovered by radio, and the inclusion of two showers

of recent discovery (the Phoenicids and Ursids), plus

two periodic showers (the Geminids and Leonids) and
two lost showers (those observed annually for some
years and then seen no more, as in the cases of the Bielids

and the Pons-Winnecke shower I . the number of known
major meteor showers may now be placed at seventeen.

The characteristics of these showers are summarized in

the table on page 52. Many minor showers of low activity

and somewhat doubtful regularity have been excluded

from the table. Some authors prefer to separate some
of the showers in the table into two or more, each repre-

senting what may possibly be subradiants within one
broad mainstream. Thus, the Delta Aquarids and the

November Taurids are sometimes separated into south-

ern and northern components.

Since the early work of Schiaparelli and his contem-

poraries in relating the orbits of the Lyrids, the Per-

seids, and the Leonids to the orbits of known comets,

ten of the major meteor showers have been found to fol-

low orbits closely similar to the orbits of comets. Such
associations also have been found between comets and
the orbits of a few minor streams or some of the subradi-

ants of broad streams, but not all these associations are

positive, because the orbits of the comets and the meteor

streams, although similar in many ways, depart signifi-

cantly in others. For example, in the association between

Halley's Comet and the Eta Aquarids and the Orionids,

the periods and inclinations of the meteor streams are

quite different from those of the comet.

|n many of the associations between comets and meteor
showers, however, the orbits are similar enough to sug-

gest that the two are physically related. One possibility

is that the meteor swarm is primeval matter out of

which the comet was later formed. Another is that mete-

oric material has been ejected from, or left behind by,

the comet in the process of its disintegration.

There are several arguments in favor of the possibility

that a meteor stream is the debris left behind by a comet
as it moves in its orbit around the sun. Present-day com-

etary research supports the view that comets must slowly

disintegrate as they pass through the solar system, losing

some of their material each time they move around the

sun. Several comets have actually been observed to dis-

integrate. An outstanding example is Biela's Comet. A
major shower, over several hundred meteors per hour,

occurred repeatedly after the breakup of the comet, at

intervals coinciding with the period of the comet.

Although these arguments favor a cometary—debris
hypothesis over one of common origin for comets and

>^'^;;

Rapid track of a bright Perseid meteor, broken by shutter

to measure velocity. The dimmer, curved trails show sloiver

movement of stars as they revolve around celestial pole.
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A Geminid meteor iias observed in three uays. Top, radar

made this track. Center, observer pressed button to give

white time marker. Bottom, photocell showed brightness.

their associated meteor streams, they do not prove that a

physical relationship actually exists. The only proof is

the close association between the orbits of some meteor

showers and certain comets. And the following factors

seem to argue against the possibility that meteor show-

ers are caused by cometary debris.

First, there are several major meteor showers for

which no cometary associations have been found. This

could be explained by the possibility that the comets

once responsible for these meteor streams may have dis-

integrated in the past, except that some meteor stream

orbits are so different from any known comet orbit that

this possibility, seemingly, is ruled out. The meteor

streams that produce the Quadrantids, the Delta Aqua-

rids, the Geminids, and the daytime Arietids. for ex-

ample, are in orbit around the sun in periods of two

years or less. But among all known comets there are only

six with periods of revolution around the sun of less

than five years, the shortest periods being 3.3 years for

Encke's Comet and 2.3 years for Comet Wilson-Harring-

ton (observed only once I . It would seem difficult to ac-

Dr. Nicholson, the regular author of this column, is also

Chairman of the American Muselm-Hayden Planetarium.

count for these short-period meteor streams on the basis

of cometary origin.

Perhaps an even stronger argument against the come-

tary origin for meteor streams lies in the large number
of observed comets that apparently have not produced

a meteor shower. J. G. Porter of England has identified

sixty-eight comets with orbits approaching the earth

close enough to produce meteor showers, although no

showers can be associated with them. He further identi-

fied nineteen periodic comets that have come within 0.1

astronomical units (about 9.300,000 miles I of the

earth's orbit, but only one probable and six certain as-

sociations have been found between these comets and

major meteor showers. The apparent absence of meteor

showers associated with so many comets having suitable

orbits would suggest that astronomers be cautious in

accepting meteor streams as being cometary debris.

However, nothing in the above arguments disproves

the possibility that meteor streams are produced by

comets. There is an obvious relationship of some kind

between comets and many of our major annual and pe-

riodic meteor showers. This has stimulated some astron-

omers, notably Professor Whipple, to investigate the

processes that could disrupt a comet, produce a stream

of particles in its orbit, and spread the particles into

the kinds of meteor streams that we observe today.

Whipple pictures a comet as a conglomerate of gaseous

ices and particles of stony and metallic dust frozen into

a slush. Each time such a comet approaches the sun,

the heat of solar radiation vaporizes its outer layers, but

not the n on-volatile dust particles. These are blown away
by the pressure of solar radiation or corpuscular streams

—the solar wind—to form a meteor stream. The pressure

of sublimating gases also ejects particles, more violently

as the comet approaches closer to the sun. In these and

other processes, Whipple is able to account, in theory,

for most of the features we observe in meteor streams on

the basis of cometary origin. But the last word has not

been heard on this interesting subject.

MAJOR METEOR SHOWERS

Shower
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Last Quarter December 5, 1:22 a.m., EST
New Moon December 11, 10.13 p.m., EST S(

First Quarter December 19, 4:41 p.m., EST
Full Moon December 27, 12:43 p.m., EST

December 1-10: Mercury, low in the east-southeast,
reaches greatest westerly elongation on the 4th, when it

rises about an hour and forty minutes before the sun. It

appears, at magnitude zero or brighter, to the left and
below the brightest star (Alpha) in Libra, and moves pro-
gressively farther left of the star each morning.

December 2: Jupiter and the waning gibbous moon are
high in the western sky at dawn, Jupiter to the left and
below. Conjunction is at 5:00 a.m., EST.

December 6: The crescent moon is high in the south-
southeast at dawn, and Mars, about magnitude +1.3, is

just below it. Conjunction is at 8:00 a.m., EST.'
December 10: Mercury, now fainter and lower in the

morning sky, rises just after the late crescent moon. Con-
junction is at 11:00 A.M., EST.

December 12-14: The Geminid meteors reach maximum
on the 13th and are best observed well up in the east during
late night and early morning. This shower is reliable and
productive, yielding at maximum an average hourly single
observer rate of approximately 50 meteors, appearing to

TIMETABLE
December 111:00 P.M.
December 15 10:00 P.M.
December 31 9:00 P.M.

(Local Mean Time)

emanate from a point near the bright star Castor in Gemini.
December 17: The earth passes through the plane of Sat-

urn's rings for the third and last time during this year's
sequence, and for the next 13.7 years we will look at the
sunlit southern face of the rings.

December 18-19: Saturn is in conjunction with the moon
at 7:00 a.m., EST, on the 19th.

December 22: The winter solstice occurs at 2:29 a.m.,
EST, when winter begins in the Northern Hemisphere.
The rather weak Ursid meteor shower, producing about

15 meteors per hour, reaches maximum.
December 29: Jupiter and the moon again are high in the

western sky at dawn. Conjunction is at 9:00 a.m., EST.
All month: Only Saturn, magnitude +1.3, is visible in

early evening, to the south among the faint stars of Pisces,
from dusk until it sets about midnight. Jupiter and Mars
rise during the night and remain in the sky until dawn. Mer-
cury is a morning star for the first third of the month.
Venus, although an evening star, is too close to the sun to
be seen, and sets within a half hour of sunset.
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In San Francisco the sunlight

reflects upward from the mirror

of the bay to the hills; it gleams from

the roaring white surf along the

ocean boundary; it glares from the

surface of fogbanks roUing through

the Golden Gate and over the coastal

hills; and it reflects in subtle shades

from the leaves of the great eucalyp-

tus trees in Golden Gate Park, in the

Presidio, and in Sutro Forest. In

this relatively treeless community,

the eucalyptus is the chief arboreal

presence, and the effect of sunlight

on it is a distinctive aspect of the city.

The special muted quality of this

light is partly the result of the ar-

rangement of the leaves. They are

more widely spaced than those of the

poplars and of other trees whose

leaves are often so dense that the ob-

server sees only a wall of vegetation.

Look upward from a point near

the base of a 150-foot eucalyptus and

you see terrace after terrace of foli-

age, each with its clusters of leaves

shimmering with a different vibra-

tion as they are stirred by any slight

movement of air. It is as if your eye

were moving upward from the base

of a Gothic tower as the sunlight il-

luminated, one after another, suc-

cessive rising arches and buttresses,

spandrels and spires. In truth, each

of these trees is a distinctive example

of natural architecture, with its own
variations of the principles of visual

rhythm, balance, and proportion. No
man-made towers display more vari-

ety and ingenuity of design.

It might be more appropriate, how-

ever, to compare the eucalyptus with

contemporary rather than Gothic

architecture. In keeping with the

Copyright© 1966 by Harold Gilliam and Michael Bry.
To be published by Doubleday and Company, Inc.

principles of modern architecture

developed by Maybeck and Wright,

the structural members—trunk and

limbs—are largely visible and an es-

sential part of the total visual effect.

L nlike buildings and trees that hide

their inner structure behind curtain

walls or curtains of foliage, the eu-

calyptus has limbs that usually leave

the trunk at an angle and sweep leaf-

less!)' upward in long, arching lines

before dividing into smaller, leaf-

bearing branches. The trunk and

branches reach upward and outward

in a flowing motion climaxed by

spreading masses of lacy foliage,

each shining with reflected sunlight.

The quality of the light associ-

ated with these trees also is a

result of the leaf attachment. The
leaves of most other trees extend

stiffly outward from the branches,

reaching for the sunlight, but in most

species of eucalyptus the leaves-

long, narrow, and curving like a

scimitar—hang straight down. They

move freely and separately in the

breeze, suspended like Japanese wind

chimes, resulting in a shimmering

effect over the entire tree.

Visitors to the city are often sur-

prised to learn that the eucalyptus is

not a native of either this region or

this hemisphere. It is difficult to im-

agine San Francisco—or California—

without these trees, but where today

the tall groves stand, the arriving

Americans saw nothing but dunes,

treeless hillsides, and open fields.

During the early 1850's, with

ships beginning to arrive regularly

from Australia, it was inevitable that

one of them would carry some of the

aromatic seeds of that continent's

most abundant tree. Some may have

;'
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Foliage of San Francisco's

eucalyptus trees catches both sunlight

and fog for unusual light effect.
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been planted here as early as 1850,

but the first large plantings on record

were made about 1856 by nursery-

man William C. Walker in his Golden

Gate Nursery at Fourth and Folsom

Streets in San Francisco.

The promoter's name has been

lost to history, but the "euca-

lyptus rush" began half a century af-

ter the gold rush. The word got

around quickly; beginning about

1904 the news began to spread that

the eucalyptus was exactly the tree to

put an end to the United States

"hardwood famine." The eucalyptus

was a timber tree in Australia, and a

booklet described its virtues as a

possible source of hardwood. Cali-

fornia's State Forester glowingly

predicted: "It would appear that this

State will become within the next

twenty years the base of hardwood

supply and the home of hardwood

manufacturing. The new industry

will produce a greater wealth than

oranges."

Promoters jumped in by the score.

They bought up big tracts of land at

approximately $15 an acre, set out eu-

calyptus seedlings that cost them only

$5 a thousand, and sold the land for

$250 an acre, promising that within

a decade the timber would be worth

ten times that price. Modest propos-

als appeared in newspaper and mag-

azine ads: "Put your surplus into

eucalyptus and after ten years you

can live on the income the rest of

your life, and when you are gone

your children and your children's

children will . . . reap the same."

Lured by the same promise of pe-

rennially flowing wealth that caused

Americans by the millions to invest

in gold mines, real estate, and oil

;|£<I
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wells, the eucalyptus boomers put

cash on the line for title to a few

acres planted with the magic new
money tree. All over California the

seedlings were set out in forests that

filled canyons and covered hillsides

and bottomlands. The excitement

lasted about eight years. Then some-

body made the embarrassing discov-

ery that there was more than one

kind of eucalyptus. There were, in

fact, several hundred species in Aus-

tralia. And the principal kind im-

ported here, the blue gum, was not

the species most commonly used in

Australia for timber. Somebody

might have yet imported the proper

species and built up a thriving in-

dustry if it had not been for another

disconcerting revelation: the trees

used for timber in Australia did not

produce the best timber until they

were one hundred years old or more.

The hardy blue gum eucalyptus

bears thousands of aromatic seedpods,

which wind scatters for neiv growth.

One of 522 species is red-flowering

eucalyptus. This symmetrical

specimen stands before City Hall,

These magnificent trees thrive

in Golden Gate Park, far enough apart

to allow each enough light and soil.
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Few investors were sufSciently pa-

tient. Furthermore, the eucalyptus

boom was based on the assumption

that eastern sources of hardwood
would soon be exhausted; but they

were not. So ended the great eucalyp-

tus rush.

Yet the once-barren hills and

valleys of California's low-

lands are still clothed in thick forests

—the overgrown remains of the big

hardwood boom. And the trees have

yielded scenic benefits quite apart

from those expected by the planters.

They have proved valuable for an-

other reason: they intercept the sum-

mer fogs that roll in from the ocean.

The moisture condenses on their

leaves and drips to the ground like

steady rainfall, building up the water

table. Rain gauges in Berkeley have

measured seasonal drip deposits of

ten inches, equal to about half the

normal annual rainfall for the area.

Doubtless there is an equivalent ef-

fect in San Francisco's groves, par-

ticularly in Sutro Forest.

The fog-collecting capacity of the

eucalyptus is partly a result of the

same vertical foliage arrangement

that gives the tree its reflective qual-

ity. The leaves, hanging loosely

downward, present a barrier to the

breeze-borne drops of fog vapor,

which slide down the vertical leaf

surfaces to the ground. Oddly, the

juvenile leaves—on very young trees

and new branches—are attached

more rigidly, in conventional fash-

ion. Then, at ages depending on the

species and location, the leaves cease

reaching upward for the sun and be-

gin to hang down. Botanists puzzling

over this peculiar change developed

an explanation. In classic theory, in

many species of both plants and ani-

mals the individual when young
passes quickly through the same
stages of evolution that the species

went through over a period of thou-

sands of years. Every high school

biology student has been taught the

formula: "Ontogeny recapitulates

phylogeny." The history of the in-

dividual repeats the history of the

species. According to this theory, at

some time in the distant past in its

native Australia, the eucalyptus lived

in a temperate climate where moder-

ate sunlight was interrupted by in-

tervals of overcast or stormy weather.

The leaves, like those of most other

vegetation, reached upward and out-

ward to maximize their exposure to

the light.

Slowly, owing to little-known

causes, the Australian climate

began to change, becoming increas-

ingly sunny and arid. Adapting to

the new climate, the leaves slowly,

over hundreds of generations, nar-

rowed and began to hang vertically,

turning the narrowest edge to the

sun, and thus avoiding desiccation.

Recently, the recapitulation theory

has been questioned. But. for what-

ever reason, the juvenile foliage is

distinct from that of the adult tree.

Look, for example, at Sutro Forest,

where there has been little recent in-

terference with natural processes.

Here the prolific qualities of the

eucalyptus are readily visible. The

aromatic buds of the tree are thick

underfoot, and young seedlings, with

their primordial upreaching leaves,

sprout wherever there is sufficient

light and moisture. Many a sapling,

like an adolescent with both childlike

and grownup qualities, bears juve-

nile and adult foliage simultaneously.

Striking changes took place in the

eucalyptus over the eons as it spread

across parts of barren Australia,

where there was little competition

from other trees, and adapted itself

to innumerable varying climates and

terrains. The result was the develop-

ment of some 522 species, most of

which are unknown in California.

But about 150 species have been in-

troduced into this state. Of these,

about two dozen are fairly common
and supply endless variety to the

city's eucalyptus landscapes.

There are two main groups—those

that shed their bark and those that

il



Several species have odd-shaped

leaves instead of typical long, narrow

ones. Those of "shish kebab"

appear to be impaled on a skewer.

Young silver-dollar eucalyptus has

dollar-sized, silver-blue leaves.

retain it the year round. The former

are known to the unpoetic Austra-

lians simply as gum trees, owing to

the gummy substance that flows out

of the wood to heal a wound. Because

of its rapid growth (the record is 75

feet in 10 years) the species of gum
tree imported into California in

greatest numbers is one whose name
comes from the color of juvenile

foliage—blue gum, Eucalyptus globu-

lus. If you can't identify a eucalyptus,

call it a blue gum, and chances are

about nine out of ten you'll be right.

It is notable for its height—this is the

true "skyscraper eucalyptus," often

exceeding 100 feet and sometimes

approaching twice that height—and

Sunlight provides backlight for the

leaves, adding to silvery effect.

for aromatic pods that usually grow
singly rather than in clusters, as do

those of most other species.

The best-known blue gum in San
Francisco is probably the

spreading specimen in the middle of

the Sixth Army Parade Ground in

the Presidio, planted in 1876 in com-
memoration of the nation's centen-

nial. The tallest eucalyptus trees in

North America are in the grove of

blue gums near the West Gate of the

University of California campus in

Berkeley. They were planted in 1877,

are about 200 feet tall, and if trans-

planted to San Francisco's Union

Square would tower over all the sur-

rounding buildings. Near the campus
grove, alongside the Life Sciences

Building, is a superb example of Eu-
calyptus viminalis, known as manna
gum or ribbon gum, from its habit

of shedding bark in long dangling

streamers. The underbark is often a

striking cream color, and the species

is sometimes called white eucalyptus.

There are several dozen of these in

the Panhandle of Golden Gate Park,

along with the more numerous blue

gum. Occasionally the foliage of vi-

minalis grows in graceful pendent
fashion, resembling that of the weep-

ing willow. There are several of this

weeping kind in San Francisco along

Park-Presidio Boulevard.

Several species of eucalyptus have

odd-shaped leaves, unlike the typical

long, narrow, scythe-shaped leaves of

the blue gum. The silver-dollar euca-

lyptus (Eucalyptus polyanlhemos)

has dollar-sized, silver-blue juvenile

leaves, which develop into a pointed

oval shape. Three of these trees can

be seen near the 19th Avenue en-

trance to Golden Gate Park. The
silver mountain gum (Eucalyptus

pulverulenta) cannot be mistaken for

any other species; its round, silver-

gray leaves surround the stems like

an order of shish kebab on a skewer.

Several young "shish kebab" trees

grow on the south side of Golden

Gate Park's Main Drive.

There are two particularly notable

eucalyptus trees in Golden Gate Park.

One is a spreading, triple-trunked

blue gum opposite the old "Crystal

Palace" Conservatory. It is reputed

to be the oldest tree in the park,

planted by some unknown settler in

the 1860's, the decade before the

park was laid out. The other is the

hauntingly exotic Eucalyptus cinerea

growing south of the Main Drive in a

big meadow just beyond the museum
area. Its leaves are a shimmering sil-

ver-blue, and in certain slants of sun-

light it seems scarcely real, standing

uncertainly at the far edge of the

meadow against a wall of conven-

tional foliage like a wraith of a mi-

rage—the quintessence of the city's

eucalyptic splendor.

The bark of the manna gum tree peels

in long strips revealing

striking patterns and textures.
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So you're not a pro...
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Reviews continued from page 18

book. One is the term "innate school-

marm" for hypothetical genetic agencies

governing what the animal is to learn as

it develops. Another is the "deprivation

experiment," formerly the "isolation ex-

periment," offered here as the method

for determining what is innate. The

author directs these ideas at the separa-

tion of innate and learned elements in

behavior with a faith in their soundness

hardly justified by evidence or compre-

hensive theory. The implication that the

genes rigidly "program" the animal's

learning is opposed by the results of

many experiments, as well as by evidence

from animal training. Under appropri-

ate developmental conditions, animals do

many things they never would do or-

dinarily. The deprivation experiment,

widely used to study behavioral differ-

ences in young animals raised under

conditions other than those presumed to

be natural for them, is better termed

change-of-environment test. Believing

that "it can only tell us directly what is

not learned," the author must assume

that he knows beforehand the develop-

mental significances of these "natural"

conditions. This, however, is a major as-

pect of the problem under study. Actu-

ally, this method is only one of those

now widely used in developmental re-

search far wider in scope than is con-

sidered in Behavior.

Lorenz' entire argument rests on the

single assumption that patterns such

as aggression are seated specifically in

the genes. It is a long way from the

genes to behavior, however, and the

books under review do not light the path.

This key assumption is not only unsup-

ported, it is denied by a sizable weight

of evidence. As is well known, the fre-

quency and nature of aggression varies

among members of both interspecies and

intraspecies groups raised under condi-

tions favorable to one or another pattern

of behavioral development.

Lorenz seems interested neither in the

study of individual differences nor in

phyletic comparisons in behavioral de-

velopment, yet these problems are vital

to understanding how aggression, for ex-

ample, arises and varies in different ani-

mals. The question of why, when two

fish react to invasions of their territory,

one flees whereas the other attacks, or

why some people generally are peaceable

whereas others are quarrelsome, is not

easy. Neither is it the same question for

fish and for people. All methods (includ-

ing deprivation tests) must be used for

studying such differences in function and

in behavior throughout development.

The more scientists study behavioral

development and its properties through

the animal series, the less likely are

they to follow Lorenz' oversimplified

formula which he applies to all levels.

As an example, in certain animals on
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When we introduced
this camera, it was

nearly perfect. Now read
what we've done in

the 30 years since.

The first Bolex H-16 16mm camera appeared in 1936. It was
the most advanced camera of its day. It had such profes-

sional features as automatic threading, film rewind, vari-

able speeds, single-frame exposure and a three-lens turret.

Although it was extremely popular, we decided the Bolex
had an even greater potential. So in the early forties, we
added a super-accurate frame counter. Later we included

the Registrator Claw to make Bolex films the steadiest in

the world. And full reflex focusing and viewing. A variable

shutter so you could fade, dissolve, and have greater con-

trol over exposure. And a filter slot so you could use one
filter to accommodate every lens on your turret.

Today's Rex-4 has an improved reflex viewfinder, giving

a full lOX magnified image. And a single-frame shaft for

synchronization with audio equipment. The Rex-4 accepts

a number of electric motors for shooting long sequences.

And a complete range of lenses from 10mm wide angle

through extreme telephoto, including macro and zoom
lenses. Add the Vario-Switar 86EE zoom and the Rex-4

becomes the world's only professional camera with fully

automatic exposure control—with today's Rex-4 system,

you can do virtually anything!

Most of those original 1936 Bolex cameras are still in use.

That's how rugged our cameras are. Try our "improved"
model—it may have taken us 30 years to do

it, but we think we've got the perfect cam-
era at last. A copy of the Rex catalog will

tell you all. Write Paillard Incorporated,

1900 Lower Road, Linden, New Jersey

07036.

mmmT
t!**.!^.!

Suddenly it's 450 B.C.
You're sitting under the stars on a lovely Greek night in the

beautiful theater of Epidaurus. A hush falls over the audience.
The chorus enters and begins chanting the first haunting lines

of Oedipus ftex. The play begins. Suddenly, it's 450 B.C.

Go back to the beginnings of our world — to its very roots.

Come with us to those ancient lands where the past can be
heard, seen, almost felt.

Come to Greece. Walk along those ancient Athenian streets

where the flaming words of Pericles ignited that first glimmer-
ing torch of democracy. Journey to beautiful Delphi. Climb to

the very spot where the Oracle predicted the fate of men and
feel as the Greeks felt-close to the gods. Cruise in the deep-
blue, fabled waters of the Mediterranean and visit the incred-

ibly beautiful isles of Greece. And, like Odysseus, hear the

siren-call of these almost unreal islands. Lufthansa's Cruise
of the Eastern Mediterranean starts at $729.*

Fly to Egypt and cruise up the endless Nile on the beautiful,

new m.s. ISIS or m.s. OSIRIS on our Journey Into Antiquity.

Discover the awesome beauty of the great archaeological

monuments of the Nile — Sakkara, Dendera, Esna, Edfu, Kom
Ombo. Explore the very depths of these temples and marvel
at the heights man can climb to when his mind and body are

kindled by the fire of religious belief. Lufthansa's Journey
Into Antiquity tour, which includes trained archaeologists as
guides, costs as little as $1,397.*

Go further into the Holy Lands, Stand on Calvary. See for your-

self the streets of Bethlehem—streets that have hardly changed I

•Prices based on 14-21 day ITX Economy Excursion fare from NYC, when applicable.

in 2000 years. And like many pilgrims before you, retrace the

steps of the Wise Men. The special kind of beauty here is both
seen with the eyes and felt with the heart. Lufthansa's Bible

Land tours start at $980.*

Pick the tour that fits your needs in terms of destination and
price. Then fly with Lufthansa back into the past. For more
information, call your Travel Agent or mail this coupon.

I 1

Lufthansa German Airlines, Dept. D10
410 Park Avenue, New York, N. Y. 10022

Gentlemen: Please send me further information on:

n The Cruises to Eastern Mediterranean Q Bible Land

n Journey Into Antiquity D Have your Tour Expert contact me

Name,^

Address-

City

State-

Zip- _Phone_

My Travel Agent is_

Lufthansa
German Airlines
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Have you really seen the top of the Empire State

building? This is the way Questar photographs it

from a Manhattan rooftop a hazy mile away. The

shot was taken by Questar-owner Bob Little with

his Questar-modified Nikon at 1/125 second on

Tri-X. Note the visitors in the observation room.

Bob says "Visually I could clearly see the expres-

sions on the faces." Below, the normal camera

view shows the telescope mounted on the Linhof

Heavy Duty tripod.

what I have called the "biosocial level,"

chemical secretions, according to con-

centrations, attract or repel species

mates, thereby dominating behavior.

Ants, bees, and wasps offer good exam-

ples of biological processes controlling

behavior directly. On the "psychosocial

level." in contrast, structural and physi-

ological factors contribute indirectly to

behavior and differently according to the

conditions of individual development.

In man. adrenalin—a neurosecretory, ex-

citatory substance—arouses fighting, lov-

ing, poetizing, singing, or fleeing accord-

ing to the individual's background and

his current situation. The assumptions

underlying the theory expounded in

these books are open to question for

lower animals; their extrapolation to

man is doubtful.

It is as heavy a responsibility to in-

form man about aggressive tendencies

assumed to be present on an inborn

basis as it is to inform him about "origi-

nal sin," which Lorenz admits in effect.

A corollary risk is advising societies to

base their programs of social training

on attempts to inhibit hypothetical in-

nate aggressions, instead of continuing

positive measures for constructive be-

havior. Major aggressions of history,

including Hitler's, may be attributed

superficially to instincts or studied sys-

tematically with evidence known to his-

torians and scientists.

For the past tiventy years, Dr. Schneirla

has been Curator in the Department of

A nimal Behavior, The American Museum

.

WORLD'S FINEST, MOST VERSATILE SMALL TELESCOPE. FROM $795.

SEND ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE IN NORTH

AMERICA. BY AIR TO REST OF WESTERN HEMISPHERE $2>»0 EUROPE

AND NORTH AFRICA, $2.50. AUSTRALIA AND ALL OTHER PLACES, $3.50.

QUESTAIR
BOX 60 NEW HOPE. PENNSYLVANIA

The Whooping Crane: The Bird that

Defies Extinction, by Faith McNulty.

E. P. Button & Co., $4.95; 190 pp.,

illus.

CRUSADES to save such magnificent

birds as the Whooping Crane and

California Condor symbolize the entire

conservation movement. For this reason

we find not only scientific treatises but

also popular, even fictional, books about

these and other extinct or threatened

birds and mammals. Faith McNulty's

book is written for the general reader,

but it is far above the level of other ef-

forts in this field, as regards both ac-

curacy and wealth of detail. She has not

romanticized, but lets the dramatic story

speak for itself. She has had remarkable

success in probing official and unofficial

files and documents. Quotations from

such sources provide fascinating read-

ing, as we learn, for example, of the an-

tics of a zoo keeper who was determined

to keep a corner on the world's supply of

captive Whooping Cranes, even though

he lacked the personnel and equipment

to care for them properly.

What of the future? The total number

of Whooping Cranes has increased from

a low of less than twenty to a present

62



Exciting^ new nature books. . . from VIKING

Forms of
_^NATURE and LIFE

Andreas Feininger A world-famous photographer
reveals the rich diversity

of the natural world

FORMS OF NATURE
AND LIFE
by ANDREAS FEININGER

In this spectacular book of photographs, many in full-page
or double-page reproductions, Feininger displays the im-
mense variety of life and its intricate manifestations in
shells, trees, leaves, flowers, insects, fossils, spiderwebs,
driftwood, mountains, forests, deserts, streams, lakes, ponds
and oceans. In his informative text he explores the inventive-
ness and practicality of nature—how the beauty of its forms,
never merely ornamental, has a particular function. Strik-
ing enlargements of minute forms of life display the surpris-
ing similarity and interdependence of unrelated structures.

220 photographs, 27 in color 10"xl234" $18.50

Wonderful new bird and animal adventures with

GERALD DURRELL
Brimming with merriment, filled vfith thrilling encounters with fan-
tastic birds and beasts, Durrell's new book recounts the events and
mishaps of a 45,000-mile trip to New Zealand, Australia, and Malaya.
Here, he set out to learn what is being done to protect some of the
strangest and most beautiful specimens of wildlife on earth. By the
author of A Zoo in My Luggage, etc. Illustrated $4.95

TWO IN THE BUSH

Marvels and
monstrosities of

the arboreal world
An intriguing tour of nature's eccentric trees,

trees that do everything wrong and get away
with it. Behind their oddities of form and
conduct lie the partially solved mysteries of
botany and of all the life sciences. The au-
thor's constant awareness of these vital ques-
tions combined with his pleasure in the
unexpectedness of the tree world make this
first book on the subject a complete delight.

200 photographs 6%"x9Vi" $8.95

FANTASTIC TREES
by EDWIN A. MENNINGER

„s^om<dau'

THE
VIKING
PRESS

625 Madison Ave.

New York, N.Y.

10022
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"Fascinating...

a wonderful
book to have
and to hold."

— John Kieran

MUSHROOMS,
MOLDS, AND
MIRACLES

by LUCY KAVALER
Resoundingly praised, now in a sec-

ond large printing, this is the first

book to explore the entire world of

yeasts, molds, mushrooms and mil-

dews — growing all around us,

affecting (sometimes for evil, some-

times for good) all of our lives.

"Brings into focus a biological

area of much importance and in-

terest . . . full of surprising facts."

— Book-of-the-Monlh Club News

"Mrs. Kavaler writes in the tradi-

tion of Rachel Carson."
— Library Journal

"Always interesting . . . Almost
every page taught me something
I didn't know." — Isaac Asimov

"A thorough researcher ... a
summary of mycology today."

— New York Times

As those enthusiastic comments
clearly show. Mushrooms, Molds,
AND Miracles is by way of becom-
ing a classic. Surely a book for your
permanent library — and an admir-

able book for holiday giving. Illus-

trated by Carl Smith. At your
bookstore, or use the coupon to

order today.

THE JOHN DAY COMPANY
Sales Office: 200 Madison Avenue
New York, N.Y. 10016

Please send me, postpaid, copy(ies)
of Mushrooms, Molds, and Miracles by
Lucy Kavaler at $6.50 per copy.

My n check D money order is enclosed.

Address—

Cily_

State, Zip
New York residents, please add sales tax.

total of fifty. But unless the population

can be built up to at least three or four

hundred, the fate of the species remains

critical. A single hurricane or a drop in

fertility, perhaps caused by inbreeding,

could quickly undo the painfully slow

progress of several decades. As the pres-

ent book makes evident, there is much to

be learned from past mistakes. Let us

hope that those charged with the welfare

of this bird may succeed until, like Colo-

nel N. S. Goss. a pioneer Kansas natural-

ist, we may again thrill to the migrating

whoopers as they follow "their leader in

a wavy line, croaking as they go, like

hounds upon a cold trail."

Dean Amadon
The American Museum

Masks, Mummies and Magicians, by

Roger and Simone Waisbard. Frederick

A. Praeger, $5.95; 176 pp., illus.

PUBLIC interest in New World arche-

ology has increased remarkably in

the course of the last ten years, and pub-

lishers have been eager to capitalize on

that interest—so eager that they have

marketed a good many bad books on the

subject, as well as a few fine ones. One of

the worst of the lot was a French entry.

La vie splendide des momies peruvien-

Ties, which is now being offered to Ameri-

can readers in the form of a rather poor

translation entitled Masks. Mummies
and Magicians. It deals with the ancient

history of the Rimac Valley of Peru, the

valley in which the city of Lima is situ-

ated. The story that it tells is incoherent

and untrustworthy. The authors. Simone

and Roger Waisbard. have approached

their task with great enthusiasm, but

with considerable ineptitude.

The Waisbards are not archeologists;

they do not even qualify as well-informed

amateurs. It is obvious that on arriving

in Lima a number of years ago. they were

ill-equipped to undertake a job of archeo-

logical reporting. They knew virtually

nothing about Peruvian prehistory and

were unfamiliar with the methods and

techniques of archeology. Nevertheless,

after visiting a few excavations that were

then under way. they became so fasci-

nated by the Rimac Valley's pre-His-

panic past that they decided to write a

book on the subject. They spent a good

deal of time observing (although not ac-

tually participating in) Arturo Jime-

nez Borja's excavations at Pan de Azii-

car and Puruchuco, and they delved into

some early documents. There is no evi-

dence, however, that they ever bothered

to acquaint themselves with more than a

tiny fraction of the pertinent archeologi-

cal literature, and the small amount of it

on which they did choose to rely served

only to lead them seriously astray, for it

introduced them to some highly conjec-

tural and very shaky hypotheses, which

they readily adopted as their own. What

Don't Dig

For a Gift

Send for a subscription to

ARCHAEOLOGY
Through the pages of this unique

magazine the armchair archaeolo-

gist shares the exciting moments of

discovery with trained excavators

all over the world. From this van-

tage point he can watch the emerg-

ing picture of man's past.

Lavishly illustrated in both color

and black and white, articles and

book reviews in Archaeology are

written and edited especially for the

interested amateur.

As a Christmas gift—or for your own pleas-

ure-subscribe to ARCHAEOtOGY, An at-

tractive gift card will be sent in your name.

Published quarterly by the Archaeological

Institute of America.

$5.00 a year. Same rate for foreign

mailing. Make checks payable to

ARCHAEOLOGY,

ARCHAEOLOGY, Dept, N20

100 Washington Sq., East

New York, N.Y. 10003

1 enclose check /money order for $_

Send ARCHAEOLOGY for

year(s) to:

Name

Address

Sign my name:
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She's dead...

and thousands more like her of

many different species will die

unless money is made available for

the conservation and rescue

projects essential for the protection

of Wild Life in East Africa.

Help us to combat the increasing

menace of extinction for many
species of East African Game by

making a donation, by joining the

Society and by buying our unique

Wild Life Christmas Cards and

Calendars.

Yearly membership of the Society

($5.00) entitles you to receive free

copies of the quarterly magazine

"Africana" and enables you to buy
our ties, car badges and ladies'

brooches. The scientific journal
Is also available.

In 1965 the Society financed

conservation projects in Kenya,

Uganda and Tanzania to the sum of

$36,000. For 1966 we need

$180,000.

EAST AFRICAN
WILD LIFE
SOCIETY

P.O. Box 20110, Nairobi, Kenya,
East Africa.

Please enroll me as a member.

I enclose $

Name

Address

UNDBLAD TRAVEL TOURS are distinctly different. They are creatively planned fori

the /nte///gent trave//ef who is more than superficially interested in peoples and cu/-l

tures. Try trave/(/ng with Lindblad Travel for the time of your life. We will take you\

from the Antarctic in the south to Lapland in the north, through the steppes of Mon-

gol/a and the wilds of BraziL Here are examples of our tours in J 966-67

ON THE INCA ROAD. A combination of glorious scenery and archaeology.

Trace the ancient civilization of the Incas and their conquerers, the Con-

quistadores. The golden relics and the mummified remains of the warriors

illustrate an era dating back more than 1500 years. Monthly departures

from Mar. '67. Cost Complete from New York $1835.00

BETWEEN THE NIGER AND THE CONGO. An unforgettable expedition to

Africa to become acquainted with the rites, dances and art of ancient

tribes like the Kirdis, Fulanis, Hausas, Ashantis, Scnoufus and others.

Also visits to spectacular game parks. Monthly departure from Dec. 1966-
22 days. Cost Complete $2300

JOURNEY into ANTIQUITY: Accompanied by guides trained in archaeology,

you will have a personal insight into the mysteries of Egypt, the world's

finest ruins at Baalbek and Petra, the heauties of ancient Greece, and the

Holy City of Jerusalem. Monthly departures. Cost from $1397

EAST AFRICAN WING SAFARIS enable you to cover more African lands in

less time and at lower cost. These safaris 'wing' via Piper aircraft to the

tribal country of the Northern Frontier District, game reserves and some
of the most beautiful settings in the world. Restricted to 9 persons on

each departure. Cost Complete $2034

VALUE SAFARIS. On these safaris you stay in a lodge at the foot of Mt.

Kilimanjaro, motor across the Serengeti Plains, spend a night in the

branches of a tree, watching elephant, lion, zebra, giraffe, etc. in their

natural habitat. Also fascinating tribal life. The 22-day safari offers an

extension to Ethiopia and the 44-day safari includes Zambia, South Africa

and Nigeria in addition to East Africa. Monthly departures.
Cost from $1529

THE HOLY LAND. This tour to the Lands of the Bible has been very popu
lar for the last five years. It takes you to Lebanon, Syria, Egypt, Jordan,

Israel and Greece. We use luxury hotels throughout and the total cost

from New York back to New York is only $1061. Frequent departures.

LINDBLAD TRAVEL, INC., l East 53rd Street, N. Y., N. Y. 10022

Please send me the following folders:

Inca Road D Wing Safari D
Niger to Congo D Value Safari D
Antiquity D Holy Land D
(Mr. or Mrs. or Miss)

Add ress:

City: State:

Zip Code- NH-12
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Essence of the ideal gift book...

an exhilarating excursion into

a favorite subject or an exciting

encounter with the new
and unfamiliar

rs 1 RAU A

PLEASE ADD 350 POSTAGE AND HANDLING FOR EACH VOLUME
AND TAXES WHERE APPLICABLE.

MEMBERS OF THE MUSEUM ARE ENTITLED TO
A 15% DISCOUNT ON BOOKS. ' / .^ v t~
PLEASE SEND YOUR CHECK OR MONEY ORDER TO .. . t-ij'^^^ \U(

THE AMERICAN MUSEUM OF NATURAL HISTORY
NEW YORK, NEW YORK 10024

tkeAUiSeM^kcp

Either way, you choose ideally from these suggestions. All

are beautiful oversize volumes embodying superlative illus-

trations and texts of real substance.

AUSTRALIA AND THE PACIFIC ISLANDS, by Allen Keast. A natural history

of the Antipodes, and the first to cover and discuss as a whole the extraor-

dinary diversity of this vast and enchanting area. 249 photographs includ-

ing 106 in color. 298 pages $16.95 until Jan. 31, 1967

PRECIOUS STONES AND OTHER CRYSTALS, by R. Metz. An authoritative

text describes the various types of crystals, the nature and origin of min-

erals, and the part played by minerals and precious stones in the cultural

history of the Western world. 191 pages. 89 color plates $25.00

BIRDS OF THE NORTHERN FOREST, Paintings by J. F. Lansdowne, Text

by John A. Livingston. Now for the first time some of the finest portraits

ever made of North American birds are reproduced in superb full color

with a background text by a well-known ornithologist. 56 full-page plates

(each of a single bird) printed in 6 colors, plus black-and-white pencil

sketches 247 pages $20.00

THE NEW WORLD, Edited by Stefan Lorant. Eyewitness accounts and on-

the-spot illustrations of the first French and English settlements in eastern

North America, from 1562 to 1590, give a fresh, clear impression of life

here only seventy years after Columbus landed on our shores. Illustrations

include 75 water colors, 66 engravings, plus drawings by the governor of

Roanoke Island colony. 292 pages $20.00

Lei em
eat cake

!

V
llydes

BIRD DINNER PAIL
Hang it by your kitchen window

and. count the species that come to

it — everything from nuthatches and

finches to grosbeaks and cardinals!

Rustproof wire basket holds a pint

cake of Hyde's special suet-seed mix,

balanced for nutrition and tempting

taste. Rubber-covered perches, bars

spaced to protect birds. Easily re-

filled, can be hung 'most anywhere.

When you order yours, remember

it makes a wonderful gift, too!

Hyde's Dinner Pail with suet-seed

cake . . . only $3.25 (2 for «6).

Order as No. DP-4.

Send Check or Money Order to:

JlaVCIC bird feeder compan

63 Felton St., Waltham, Mass. 02154

Fascinating glimpses
oi ttie last primitives

IN SEARCH OF
THE PRIMITIVE
by Lewis Cotiow

The Watusi, the Bahutu, the Bam-
butu, the Masai and the Kikuyu in

Africa ... the Jivaros, the Yaguas,

the Colorados, the Bororos, the
Chavantes and the Camayuras in

South America ... the Kukukukus,
the Gahuku-Gama, the Korugus and
the Baliem in New Guinea ... the

Ellesmere Island Eskimos . . . these

are the last primitives. In a remark-

able 30-year search, explorer Lewis

Cotiow has lived with them, photo-

graphed them, and studied their

habits and customs. His extraordi-

nary record, illustrated with 16
pages of photographs, many in full

color, is a remarkably engrossing
story.

$8.95 at bookstores »,' o >.
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he Waisbards have done, then, is to re-

gurgitate a mishmash of poorly digested

heories, most of which were only half-

)aked to begin with. This unsavory mix-

ure has been lightly salted with "facts"

(a substantial proportion of which are

naccurate) and heavily peppered with

rrelevant digressions.

It is unfortunate that tliis book should

lave been published in the first place. It

:s downright amazing that it should

lave been deemed worthy of translation

ind that it should be inflicted on the U.S.

ludience by the same publisher to whom
ve are indebted for the American edition

)f one of the best books on Central An-

lean archeology. G.H.S. Bushnell's

^eru. Anyone wishing to accjuaint him-

ielf with the realities of Peruvian prehis-

ory would be well advised to avoid

Masks, Mummies and Magicians, for it is

sacked with errors of every sort. He
should turn, instead, to Bushnell's Peru

(Praeger). to J. Alden Mason's Ancient

'Civilizations of Peru ( Pelican Books ( . or

o Andean Culture History, by Bennett

!ind Bird (an American Museum hand-

oook)

.

Gary S. Vescelius
The American Museum

\ Geography of China, by T. R. Tre-

i;ear. Aldine Publishing Co., $7.95; 342

}p., illus.

HERE is a well-proportioned introduc-

tion to the anatomy of China, that

mge. but to Americans, vague entity,

vhich claims more and more of our at-

ention. After a sketch of the physical

geography—land forms, climate, and so

jorth—Mr. Tregear proceeds to a half-

jlozen historical problems amenable to

j;eographic analysis, then considers pop-

ilation problems and economic develop-

nent before and after 1949. The rest of

he book, except for a short concluding

liapter on "The Unity of China." treats

he country area by area. This regional

ection is the best part of the work.

In the chapter on historical geogra-

hy. Mr. Tregear has done an excellent

ob of selecting, as he says, "a few choice

lums" rather than attempting a con-

inuous chronological presentation. But

is sources are less well chosen, and he

lakes enough mistakes to destroy con-

dence in the ideas he develops. Thus in

ne section "Chinese Expansion and De-

elopment." he gives H. J. Wiens' Chi-

a's March Toward the Tropics as his

ource for a series of population figures

Kat show, as he says, "a more or less

latic population over nearly 1.600

ears"—about 60 million from a.d. 2

ntil 1578. Hence "population pressures

ippear to have had little to do" with the

aillennial expansion of the Chinese

Duthward from their northern culture

earth. But there are more careful esti-

lates of China's past populations than

7iens': for example, Ping-ti Ho in his

Birds of
Europe

160 color-plates
from the

lithographs of

JOHN GOULD
TEXT BY

A. RUTGERS
321 pages

$15.00

JOHN GOULD (1804-1881) was one of the most influ-

ential British ornithologists of the period. A noted col-

lector, and the author of many books and nearly 300

articles for scientific journals, he also illustrated no fewer

than 41 folio volumes. He is chiefly remembered for his

gifts as an artist and observer of wild life, and the litho-

graphs from his drawings and sketches are now much

^ ' • '«• The present volume reproduces 160 of the plates that first

appeared in his The Birds of Europe and The Birds of

Great Britain. Each illustration is accompanied by new

text matter taking account of findings since Gould's day.

Gentlemen: Please send me copies of

Birds of Europe @ $15.00
Include rf'Stage and liandling charges

KeU" Turk residents must include applicable Sales Tax

Ciiccl: envldscd Q Send C.O.D. Charge my established account

me_Na.

Address-

City State^ -Zip-

Barnes & Noble, Inc. 105 Fifth Ave., N.Y., N.Y. 10003

ZOOMS IN=
l^Vi^^ ^\iA \x
...for INSTANT Close-Ups

at the touch of a button!

KALIMAR'S ELECTRIC-POWERED

Zoom Sport Scope!
Your slightest finger pressure controls immediate magnifica-

tion from 3 to 6 times and back again without manual adjust-

ing or eye shifting . . . and you're always in constant focus!

Battery operated, individual eye adjustment, weighs just 26

oz. Complete with neck strap, penlite batteries and case,

just $120.00

Compact as an opera glass, yet powerful enough to put you

instantly at the heart of the action ... at the track, the stadium,

the theatre ... for everything from skiing to sky diving to

bird watching. Ruggedly petite, for men or women.

For really big power, see Kalimar's extraordinary Zoom

Scope, with all the features above plus instant zooming

from 2'/2 to 8 times (to 12x with accessory extender).

With neck strap, batteries and case $199.50

For your own pleasure, or as a distinguished gift, at

fine department stores, men's and sporting goods

shops, optical and photo dealers everywhere.

'inc. 2644 Michigan Ave., St. Louis, Mo. 63118

Kalimar, Inc., of Calif. 6363 Santa Monica Blvd., Hollywood, Calif. 90038
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HANDCARVED IVORY PAINTED BIRDS
$6.95 P.P.D. ea.: 2" long.

Wood Duck, Mallard, Canada Goose, Pheasant, Quail,

Owl, Golden Pheasant. Blue Jay, Cardinal (M & F),

Bluebird, Eagle Pelican, Oriole, Kingfisher Penguin,

Titmouse, Tanager, Goldfinch

Unpainted Ivory Animals—2Vi" long
$7.95 P.P.D. ea.;

Camel, Walrus. Kangaroo, Polar Bear, Fox,

Rhinoceros, Hippopotamus. Elephant, Lion, Tiger,

Deer, Bison, Seal, Dragon

Ivory Horse, 2" 4 00,3' 8 00. 4"-18 00. 5"-30.00
Ivory Shell, 2"-5.00. 3"-10.00, 4"-25.00, 5"-35.00

ST. GEORGE
AND DRAGON

2"-$10.00, 3"-$20.00,

4"-$40.00, 5"-$65.00

FAYE HAUER
2414 Larchwood Rd., Wilmington 3, Del.

For the Bird Lover's

Christmas Stocking

!

These new volumes belong in every orni-

thological library:

Birds of Colombia
By DeSchauensee
Describes 1567 species, illustrated in black-and*
white and color. 446 pages. SIO.OO

Birds of South America
By DeSchauensee
A systematic list of 2906 species. 596 pages, SIO.OO

(Both these neic volumes $18.30)

The Parrots of Australia
By Eastman and Hunt
All 60 species illustrated in color. 208 large pages.

$12.50

Pennsylvania Birds
By Poole
A dislribulional check list with complete introduc-

tion, sketches and maps. S4.00

SCIENCE BOOK SERVICE
P.O. Box 366

Narberth, Pennsylvania 19072
Please send me:

copies Birds of Colombia
copies Birds of South Amerjca
Both volumes
Parrots of Australia

Pennsylvania Birds

(f 810.00

® SIO.OO

S18.50

812.50

S 4.00

-Check Enclosed —Charge my account

{Pennsylvania residents add 59c sales tax)

Studies on the Population of China,

1368-1953 (which is listed in Mr. Tre-

gear's bibliography) argues that the

figure probably exceeded 100 million by

the beginning of the twelfth century.

Again, in the section "Chinese Origins,"

Mr. Tregear neglects recent studies

(such as those of Chang Kwang-chih and

Hermann von Wissmann). which would

have enabled him to be much more pre-

cise, from the viewpoint of environment,

about early differentiation into fanning

and herding societies.

The historical section, in particular,

contains so many misleading statements

and errors of fact that one must read it

with great caution. For example, the

well-field system (division of land into

large squares composed of nine small

ones, with the harvest of the middle one

going to the feudal lord ) is mentioned

as if there were no question that it once

existed. But if it did exist, it had broken

down long before 221 B.C. Li Ping, au-

thor of the waterworks system of the

Ch"eng-tu plain, was not active at about

the same time as the Han Dynasty Em-

peror Wu, but two centuries earlier.

Through most of the book, in fact, there

are misprints and careless mistakes.

We have so few modern works on the

geography of China that, despite these

deficiencies, the geographer, as well as

the general reader to whom Mr. Tregear

hopes his book wiU appeal, will find it

worth reading, particularly the regional

descriptions. These are informative and

relatively free from mistakes, and include

a number of helpful maps and diagrams.

Andrew L. March
Columbia University

Eskimo Sculpture /Sculpture Esqui-

MAUDE, by George Swinton. McClelland

and Stewart Limited (Toronto), $12.50;

224 pp., illus.

GEORGE SwiNTON, the author of this

beautifully made volume, states,

"All this book wishes to accomplish is to

plead for, and to effect, a more direct

involvement with the art of living peo-

ple." In demonstrating the use and sig-

nificance of sculptural form in modern

Eskimo carvings, however. Professor

Swinton has given his work a broader

scope. Many of the principles of art and

cultural analysis suggested here might

be applied to other areas of the world.

The book is made up of three main

sections, the first a historical survey of

Eskimo art. Following this, there is a

fuller account of the development of the

modern carving "industry" of eastern

Canada, which has been a special inter-

est of the author for some years. The final

section contains pictures of the stone

sculptures that have been made by the

Eskimo in this area since 1949. Professor

Swinton. of the University of Manitoba's

LIMITED RELEASE-U.S. GOVT. SURPLUS

SNIPERSCOPE

INFRARED SET<m3,
for scientists, gun collectors, naturalists

Built by American Optical Co. In excellent working
condition. Used by our troops for observing enemy
in total darliness without being detected. Suggested
uses: medical research, study of nocturnal animal
life, mineralogy, industrial and medical research,
crime detection. Rare item for gun collectors. Tele-

scope is 16%" long; clear aperture of lens is

50.4mm. A 5"-diameter filter is attached. Knob ad-

justs focus electrostatically; second knob adjusts
reticle intensity. Reticle also has vertical and hori-

zontal adjustments. Canvas carrying case and shoulder
strap included. Complete unit includes U"xl4"xl6"
chest, telescope with RCA 6032 image tube, 20.000V
power pack with canvas carrying case and shoulder
straps, IR light source, steel carbine bracket, pistol-

grip handle with switch control. Formerly highly
classified. Limited supply. Orig. Govt, cost, $800.
Shipping wt,, approx. 30 lbs. Price $249.50

SNIPERSCOPE BATTERY
Rechargeable 6V power source
for sniperscope. Excellent for

many other 6V applications.

Approx. shipping wt., 15 lbs.

S9.95. Two for ^18.05

Prices F.O.B. Tucson, Ariz. No C.O.D.'s please.

C&H SALES CO.
P.O. Box 1572, Tucson, Ariz.

Skiers! Come to

home of "THE

the picturesque

SOUND OF MUSIC"

the
TRapp

family lodge
in the ski center of the East. Your hostess, the real-

life Maria! Charming old-world atmosphere. Viennese
and American cuisine. Tyrolean Bar. Unique! Special

rates during 10 LearnTo-Ski Weeks. Write: Brochure
or phone. ^»» ..

Tel. 802 253 7545 StowB 19, Vermont

NOW READY:

1967
CELESTIAL CALEIVDAR

& HANDBOOK
(Our third issue—best yet!)

Astronomical events day by day for 1967,

in monthly calendar form; data on
eclipses, oceultations, planets, variable

stars, meteor showers, double stars, nebu-
lae, clusters; charts for Jupiter's satel-

lites and for Uranus, Neptune, Juno, and
Vesta; table of phenomena of Titan; ref-

erences on various observing programs;
etc.

Heavy paper covers; illustrated; size 6^^

X 8V- inches; plastic strip binding for flat

opening and convenient use. Price §1.00

plus 10<^ postage and handling for

U.S.A., Canada, or Mexico (25c if you
wish first-class mailing). Be sure to in-

clude your "Zip Number" with your

address.

C. F. Johnson, Jr.
48 Roberts PI., Vt atcrlown. Conn. 06793
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The chances for

Tommy Red Eagle

are pretty sHm.

Unless you help.

Tommy Red Eagle isn't sick, Or crippled. Or starv-

ing. Tommy Red Eagle is an American Indian.

That's why his chances for growing up into a

self-reliant, productive, fulfilled adult are slim.

He's healthy now. But the mortality rate among

5 to 14 year-old Indians is eight times greater

than that of the general population.

He still goes to school. But the dropout rate for

Indian youngsters is a tragic 45%.

He'll probably survive into adulthood. But un-

educated, he will be unemployable. Unemployable,

he will remain trapped in poverty and dependence.

Tommy Red Eagle will survive. But you can't call

It living.

Through SAVE THE CHILDREN FEDERATION you

or your group can help a child like Tommy to really

live. As his sponsor, you'll receive his photograph

and story. You can correspond with him if you like.

Your sponsorship contribution will provide him

with the chance he needs. School supplies. Decent

clothes. A cash allowance.

Your support will give him confidence. A sense

of security. A friend to depend on.

The price of a child's future is $12.50 a month.

We think it's a bargain.

•J ^

I SAVE THE CHILDREN FEDERATION
{

Ij Norwalk, Conn. 06852
j

jj I'd like to sponsor an American Indian '

I
child. Enclosed is my first payment of:

|

\ n $12.50 monthly 0$ 75 semi-annually
|

Q $37.50 quarterly G $150 annually
j

I can't undertake a sponsorship but I'd
j

like to help. Enclosed is $ |

Name

Address_

City _State- _Zip #_
Contributions are U.S. income tax deductible.

National Sponsors — Faith Baldwin, Mrs.
James Bryant Conant. Joan Crawford.
Hon. James A. Farley. Jerry Lewis. Frank
Sinatra, Mrs. Earl Warren, 'partial list)

NH 12-6

School of Fine Art, is himself an artist.

He has selected over two hundred color

and black-and-white plates to illustrate

the esthetic quality achieved by the best

carvings. Examples of typical themes are

shown—hunting scenes, family groups,

animals, and birds. A variety of treat-

ments of each theme points out the pos-

sibility of local styles and variation by

individuals. Although this material was

made for sale to non-Eskimos, it still has

the stamp of Eskimo traditions, giving

it a unique art character.

In the text (which is bilingual), we

may be grateful for Swinton's knowl-

edgeable and enthusiastic approach. He
has contributed much that will be of

lasting interest to students and collectors

of art, including the opportunity to fol-

low the history of this art form from its

earliest beginnings. The photographs,

which are documented with the artist's

name and village, are another unusual

resource. The selected pieces show a

vitality and convey a strength and direct-

ness that is peculiarly modern. They
transmit something of the immediacy of

Eskimo life; the artist's choice of subject

matter reflects his vision of the world.

Eskimo Sculpture also points up the

drama of the Eskimo as a culturally dis-

tinct group changing with the times. Art

has its importance here, since "more

than any other aspect of contemporary

Eskimo life . . . [it] provides a link with

the past." The Eskimo artist, while mak-

ing necessary adjustments, still demon-

strates through his art the hold that his

traditional life has upon him.

Philip C. Gifford
The American Museum

New books about birds

Population Studies of Birds, by David

Lack. Oxford University Press,

$10.10; 341 pp., illus.

The Parrots of Australia, by William

R. Eastman, Jr. and Alexander C.

Hunt. Livingston Publishing Co.,

$12.50; 194 pp., illus.

The Species of Birds of South Amer-
ica, by Rodolphe Meyer De Schauen-

see with Eugene Eisenmann. Academy
of Natural Sciences, $10.00; 577 pp.

The Birds of Guyana, by Dorothy E.

Snyder. The Peabody Museum, $6.00;

308 pp.

This list details the photographer, artist,

or other source of illustrations, by page.

COVER-Lee Boltin

20-25-Michael Berrill

except map, AMNH after

Berrill

26-top, The Bettmann
Archive; bottom, N.Y.

Public Library

28-31-T. E. Eisner except

28-bottom left. AMNH
after Eisner-, 31-top,

James S. Haeger
33-40-Lee Boltin

43-49-George Holton
except map, AMNH after
G. Reichel-Dolmatoff
50-51-top, Mount Wilson
and Palomar Observa-
tories; bottom. National
Research Council except
right. Courtesy of Peter
M. Millman
52-N3tional Research
Council
53-AMNH
54-59-Michael Bry

CHAMBERS'S

ENCYCLOPiEDIA

Centenary Edition

GOLD EMBOSSED MAROON
15

DELUXE VOLUMES
• With Over 15 Million Words

• Over 200 Bartholomew

World Maps

• Supplement Service

1966 to 1970 included

THE ONLY
BRITISH MAJOR
ENCYCLOPAEDIA

Separate



HAPPY HOLIDAYS
HUMMINGBIRD-STYLE

For a really different Holiday treat this

year, give yoor family and friends genuine

"Hummy-Bird Bars"*. Watth jewel-like Hum-
mingbirds rest on real wood perches and

dine "family-style" 4-af-a-time (see actual

photo). Allows no other birds or bees, no drip

or rust, is so easy to clean. The gracious gift!

Guaranteed. Full instructions. $2.95 plus 24(*

p.p. In Calif, add IZc' tax. Sorry no COD's.

HUMMINGBIRD HEAVEN, 6818-N Apperson St.,

TUJUNGA, CALIF., 91042.

,.>S^7^

^'^^^^f''

20-YEAR CALENDAR
hand-crafted in an Indian viliage.

This finely made, free-standing 3Vj inch

desk calendar of etched brass and col-

ored enamel makes a highly decorative

gift. Ideal for all ages.

Price $2 Includes postage.

uiHiTinc inoin cuiids
125 E. 23rd Street, New York, N. Y. 10010

CATCH THEM
ALIVE

AND UNHURT!
Amaz inc HAVA- i-. ^^^j».
HART trap captures -y^ -^^^^^K^ /^Sl (S
raiding rats, rabbits.
squirrels, sl(unl(S. pigeons, sparrows, etc. lakes

mink, coon without injury. Straying pets, poul-

try released unhurt. Easy to use-open ends give

animal confidence. No jaws or springs to break

Galvanized: many in use 20 years. Sizes for all

needs. FREE illustrated practical guide with

trapping secrets.

Catches more ! Easy to use I

HAVAHART
158-D Water Street, Ossining, New York 10562
Please send me FREE new 48-page guide and
price list.

NAME
ADDRESS-

STATE _ZIP_

Suggested
Additional Rending

STILLNESS ON ENIWETOK
Coral Island. M. Bates and D. P.

Abbott. Charles Scribner's Sons,

New York, 1958.

Island Life. S. Carlquist. Natural

History Press, New York, 1965.

Proving Ground: An Account of the

Radiobiological Studies in the

Pacific. 1946-1961. N. O. Hines.

University of Washington Press,

Seattle, 1962.

The Ocean Island. G. Klingel. Anchor

Books, Garden City, 1961.

THE ALLURE
OF THE FEMALE MOSQUITO

Colonization and Biology of Opifex

Fuscus. J. S. Haeger and M. W.

Provost. Transactions of the Royal

Society of New Zealand, Vol. 6.

pages 21-31, 1965.

Swarming and Mating in Mosqui-

toes. E. T. Nielson and J. S. Haeger.

Miscellaneous Publications of the

Entomological Society of America,

Vol. 1. No. 3, pages 71-95, 1960.

A Study of Mosquito Behavior.

L. M. Roth. The American Midland

Naturalist, Vol. 40, pages 265-352.

1948.

Orientation of the Males of Aedes

aegypti (L.) (Diptera; Culicidae)

to Sound. G. Wishart. G. R. van

Sickle, and D. F. Riordan. The Ca-

nadian Entomologist, Vol. 94, pages

614-626, 1962.

BASIL EDE'S BIRDS
IN A NEW YORK GALLERY

The Art of Falconry, being the De

arte venandi cum avibus of Fred-

erick II OF Hohenstaufen. Trans-

lated and edited by C. A. Wood and

F. M. Fyfe. Stanford University

Press, 1943.

Bird Portraits in Color. T. S. Rob-

erts. University of Minnesota Press,

Minneapolis, 1940.

JUNGLE GODS OF
SAN AGUSTIN

Archaeological Regions of Colom-

bia: A Ceramic Survey. W. C. Ben-

net. Yale University Publications in

Anthropology, No. 30, New Haven,

1944.

Colombia. G. Reichel-Dolmatoff. Fred-

erick A. Praeger, New York, 1965.

TREE OF LIGHT

The Eucalypts: Botany, Cultiva-

tion. Chemistry, and Utilization.

A. R Penfold and J. L. Willis. Inter-

science Publishers, New York, 1961.

Eucalypts for Planting. Food and

Agricultural Organization, Forestry

and Forest Products Studies #11,

Rome. 1955.

IV,.--.»- iS.f

HAPPY HOLIDAYS
ORIOLE-STYLE

"Give" Orioles for Holiday gifts! They'll flock

to gardens that have Oriole "Fun-Bars" ready
for them next season. These flashing beauties

love the natural wood perches, too (see

actual photo). Can't rust, cleans in a jitfy.

An unusual, heartwarming gift! Money back
guarantee and full instructions. Oriole "Fun-
Bar": $3.95 plus 32('. p.p. In Calif, add ^6i tax.

Sorry no COD's. HUMMINGBIRD HEAVEN.
6818-N Apperson St., TUJUNGA, CALIF., 91042.

to give—or to keep—

Geography of New York State

John H. Thompson, editor

The physical, historical, and

economic geography of the

state, in a handsome volume

with 87 photographs, 98

maps, 7% X 101/4 inches,

544 pages.
$11.95

At your bookstore or

Syracuse University

Press
Syracuse, New York 13210

MAKE JEWELRY
I

[ARM BIE MOHEY i

IH YOUR SPARE TIME! V

THIS IS THE CATALOG

THAT MAKES IT ALL POSSIBLE!

EASY TO DO . . . W
no special skills required. W
EASY TO SELL . . .

because your creations are

flifferciit — no two need

he alike!

SELL your creations for 2 to 5 times as miicli

as you' paid for tliem. Make jewelry in your

spare time , . .

This FREE CATALOG contains everything

vou need . . - ALLOWS YOU to buy all the

parts and htj adding your spare time helps

you create easy saleable jewelry.

Start today . . . don't delay. Send for the

hobbv-craft's biggest and best catalog. Get

vour FREE copy of GRIEGER'S CATALOG
now. No obligation - contains over 10,000

^^,

items , . - loaded with pictures, '^-i.. •^.

Air 'tim- . . and start rarniitc. bin' ''•<~-^

SEND FOR YOUR FREE CATALOG NOW

!

0 "̂0

GRIEGER'S INC.
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m^i^msA 648 Ninth Avenue. New York, N. Y. 10036

(Between 45th A 46th Streets) • (212) CI 6-0793

For tasteful gifts for home and office

request catalog N-12A 10(4!

u$urc$.|Kc.

inc9c riMtLT oKHritu Kcrnuuuo I lUN^
OF ANCIENT WORKS OF ART WERE CRE-
ATED TO COMPLEMENT YOUR HOME DECOR.
THEY MAKE PERFECT DECORATIVE PIECES
FOR TABLES, DESKS, BOOKSHELVES OR
WALLS.

5TARTE, PHOENICIAN
ODDESS OF LOVE
alestine, circa 800 B.C.
irracotta original at
laddin House, Ltd. New York

Astarte, the Phoenician Goddess of
Love — known as Ishtar to the
Babylonians and Aphrodite to the
Greeks — was the great goddess of
motherhood and fertility. Personi-
fying all the reproductive energies
of nature, she was worshipped
under different names, but with a
similarity of myth and ritual by
many peoples of Western Asia and
the Mediterranean.

The terracotta Astarte plaque re-

produced here dates from circa 800
B.C. and comes from ancient Pales-
tine, homeland of the I^hoenicians.

Pottery plaques of this type, a com-
mon class of religious objects in the
Late Bronze and Early Iron Ages,
were probably used as votive offer-

ings. Mounted on red velour in

gold antiqued frame.

AT-35, 7" high including
frame $10.50
Plus 35( handling and shipping
cost.

SCARAB -SYMBOL OF LIFE ETERNAL
Egypt, 12th-26th Dynasties
(2060-525 B.C.)

Original at
Aladdin House, Ltd., New York

he ever popular Scarab, used for centu-
;s to guard against misfortune and sym-
blize eternal life, is presented here in a
ulptured relief plaque handsomely
ounted on velour in gold antiqued frame,
nique design shows in exact replica, both
Jes of a 2000 year old Egyptian Scarab
;ainst a background of hieroglyphic
scriptions.

r-9, 5V2"x7" including frame. $12.50
us 35( handling and shipping costs.

EAD OF A MAN, Egyptian

lack Granite, <irca 945 B.C.

he Walters Art Gallery,

altimore, Maryland

eticulously carved black granite
ad copied from the solemn, pow-
'ul figures of the great Middle
Vngdom about 2.000 B.C. The
pert craftsmanship displayed in

; precise carving of this very hard
ne must have defied any tools
the period. Arrangement of the
Ir in cross bands without a cen-
1 part, impossible in real life is a
ilptor's pattern device.

l'iL-1, height 10^/4" including
jljase $32.00

I 's $4.50 handling and shipping

LAUGHING HEAD FROM VERA CRUZ
Brown clay. Mexican, Pre-Columbian

Presumably Totonac,

(800 A.D.-1300 A.D.)

Philadelphia Museum of Art

This cheery head from Southern Ver
Cruz is one of the very few humorous fig

ures found in American antiquity. Wha
culture it represents is not yet known, bu
the fact that it is mold-made dates it a
late Classic. Warm and whimsical, with it

mysterious single right earring, it make
a really provocative piece.

PH-11, height 8i^" including black

base $20.0(

Plus $2.50 handling and shipping costs

MAYAN FIGURINE
Island of Jaina, approx. 6th Century A.D.
Terracotta original at
Aladdin House, Ltd., New York

Dressed in a typical Mayan ex or breech-
clout, and wearing an elaborate headdress
complete with ear plugs, this figurine is

representative of the noted clay sculptured
figurine art of the island of Jaina, off the
Campeche Coast of Yucatan. Tastefully
mounted on moss green velour in an
antiqued gold frame, it is ready to hang
and admire.

AT-28, 8" high including frame
$10.50

Plus 75( handling and shipping costs.

STATUETTE, DRAPED WARRIOR
Greek, 6th Century B.C.

Bronze original at

Wadsworth Atheneum

Graceful and Symmetrical statuette

of a draped Greek warrior. Beau-
tifully rendered in flat, stylized

planes, this small figure is con-
sidered one of the finest examples
of small bronze Archaic Greek
Sculpture in America. Several simi-

lar figures found in Sparta are pre-

sumed to have been votive offerings.

WA-20, height 7i/<," including

base $18.00
Plus $1.50 handling and shipping
costs.

FACE OF BUDDHA
Siam, 15th - 17th Century A.D.
Bronze original at
Aladdin House Ltd., New York

The serenely contemplative features and
quiet repose reflected in the face of this

classical Siamese Buddha is characteristic
of the bronze sculpture of 15th-17th
Century Siam.
The weathered bronze color of the head is

magnificently set off by a rich red velour
background and antiqued gold wooden
frame

.

AT-34, 7W high including frame
$17.50

Plus 75^ handling and shipping costs.

VALUABLE GIFT CATALOG
Illustrated and annotated catalog of outstanding works of art
from ancient civilizations: Sumerian, Egyptian, Greek, Roman,
Chinese, Indian and Pre-Columbian, covering a span of 4900
years! Exhibited in world famous museums and private collec-
tions, these "Treasures" are now available for your personal
enjoyment. Each work of art masterfully reproduced and hand-
finished in every detail. For tasteful gifts for home and office

SITTING IBIS

Egypt, about 600 B.C.

Bronze original at

Oriental Institute of th<

University of Chicago

This long-legged, golden-bronze wading biri

was regarded as sacred by the Egyptians.

The ancient Egyptians always placed a grea

emphasis on the hereafter. When they lookei

at the gentle Ibis, they saw not a bird, bu

their god Thoth,- who was supposed to hel]

on Judgement Day and to have kept record

of both men and the gods. Thoth was ofte:

depicted as a man with the head or neck o

an Ibis, or, as here, entirely as an Ibis.

OR-4, height 41/2" $15.0(

Plus $1.50 handling and shipping costs.

Aladdin's Treasures, Inc. Dept. N-12A

648 Ninth Ave., New York, N.Y. 10036
Gentlemen please send me the following:

n AT.34 $18.50 O WAl-1 $36.S0
D AT.35 $10.85 D OR-4 $16.50
n AT-28 $11.25 D PH-11 $22.50
D AT-9 $12.85 a WA-20 $19.50

New York residents please odd sales tax.

Illustrated Catalog of Reproductions \0t
Total enclosed $

I

I
Nome-

I

I

MONEY BACK GUARANTEE

Address-

Cllv_ -State-



MAIL
ORDER SHOPPING MART

A selection of products available by mail for reacJers of Natural History

All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O,

EXCELLENT
for

XMAS
GIFTS!

Amazing Spilhaus Space Clock

Startling, new scientific achievement. Auto-

mattcariy shows local &. Greenwich time,

tides, position of sun. moon, stars. 19 read-

ings at a glance. Up-to-date encyclopedia of

the sky. Beautiful fruitwood case. 3 illumi-

nated dials. Blends with any decor. Operates

on house current. Requires only I simple

setting for any location. 16" high, x ll'/j"

wide X 4' ." deep. $250.00 F.O.B. Shpg. Wt.
12 lbs. Order No. I2U2E. Edmund Scientinc

Co., Barrington, New Jersey 08007.

J

New Popular Science Fun Chest

Here are Edmunds 9 top selling science

toys and curiosities in one fascinating low-
cost package. Hours of fun. Bargains galore.

Perfect gift item. Incl.: Radiometer: Bob-
bing Bird: Mercury Puzzle; Ceramic Mag-
nets; Burning Glass; Magnetic Dog &. Spin-
ning Ball; Diffraction Grating: Pik-up
Ring; Booklet. "Astronomy and You". S5.50
Ppd. Order Stock No. 70.787E. Edmund
Scientific Co., Barrington, New Jersey

08007.

Cor of ihe Future Here Now/
One of most impressive science toys we've
seen. Low friction air car rides a fraction
of an inch over any surface, including water.
Graphically demonstrates same principles
that apply to Ford's and Curtiss- Wright's
new wheelless aircars. Sturdy red and yellow
plastic. 8" wide, 9" deep. 2" high with 4"
propeller. Operates on 2 flashlight batteries
(not incl.). 48" control line, battery case.

$2.98 Ppd. Order No. 70.307E. Edmund
Scientific Co., Barrington, New Jersey
08007.

New Binocular-To-Camera Holder
Fits any camera for exciting telephoto pic-
tures. 35-mm camera with 7x50 binocular
brings distant objects 7 times nearer. Ideal
for long-range photos of wild life, ships,
people, planes, etc. Attaches easily. Use
any binocular or monocular—and camera

—

still or movie, color or black & white. Gray
crinkle and bright chrome finish. 10" long.
Full directions. $11.50 Ppd. Order stock
No. 70,223E. Edmund Scientific Co.. Bar-
rington, New Jersey 08007.

Plastic Model V-8 Engine

Hours of fun! Get thrill of building your

own easily assembled engine from over 350

parts. Then push starter and watch it run.

Crankshaft revolves, pistons move, valves

open and close in sequence with spark plugs.

Does everything but burn oil. '4 scale,

molded in 4 colors. Same motor used in

many auto-mechanic courses. Excellent, easy-

to-understand "tech manual". $10.95 Ppd.

Order No. 70,448E. Edmund Scientific Co.,

Barrington, New Jersey 08007.

Accurate Home Weofher Sfofion

Handsome "Weather Station" highly sen-

sitive to weather changes. Thermometer
accurate to zL2°,o; barometer to ±.025".
hygrometer to zno^o. Foretells weather
changes from 12 to 24 hrs. in advance. Per-

fect gift—excellent for teaching weather
phenomena. Mounted on wood-grained wall

panel l5'/z" x 5^j". Meter cases heavily
metalized. High-precision dials in etched
aluminum. Full Instructions. S9.95. Order
No- 70.Rn7E. Edmund Scientific Co., Bar-
rington, New Jersey 08007.

New! Static Electricity Generator

Sturdy improved model. Now see a thrilling

spark display as you set off a miniature
bolt of lightning. 2—9" plastic discs rotate

in opposite direction. Metal collector brushes
pick the static electricity, store it in the
Leyden jar type condenser until discharged
by the jumping spark. Stands I I" high.
24-page instruction booklet included. $12.95
Ppd. Order No. 70.070E. Edmund Scientific

Co., Barrington, New Jersey 08007.

Black Light Magic-Glow Kit

Now collect fiuorescent rocks, paint with
living light, write secret messages, learn
invisible detection methods even make a
fluorescent Christmas tree. Kit uses long-
wave block light causing fluorescence in
over 3.000 substances. Incl.: Magic Glow
Lamp, invisible water paints and ink, fiuo-
rescent crayon, tracer powder, pen, 3 brushes,
specimens of fluorescent rocks: wernerite,
fluorite, willemjte. Book o* 40 experiments.
SI4.50. Order No. 70.256E. Edmund Scien-
tific Co., Barrington, New Jersey 08007.

50-150-300 Power Microscope

Amazing value — 3 achromatic objective

lenses on revolving turret. Color corrected,

cemented achromatic lenses in objective give

far superior results to single lenses found
in comparably priced microscopes. Fine rack
&. pinion focusing. Imported. $16.50 Ppd,
Order Stock No. 70.088E. Mounted 500
Power Objective: Threaded achromatic
lenses. 3mm F.L. $5.00 Ppd. Order Stock
No. 30.I97E. Edmund Scientific Co., Har-
rington, New Jersey 08007.

Big Bargain—"liff/e Giont Pump"
Use this extra rugged miniature pump for

ad and Christmas displays, table fountain,
bird bath, photo darkrooms, etc. Continuous
pumping for long periods—even pumps mild
chemicals. Runs on household current.
Pumps 28 gallons per hour to ht. of I ft.

cr I I ga.lons to 2 it. Maximum head 3 ft.

Bearings pre-lubricated with year's supply
of nil. 2'.2" X 2'/2" X 4" high. Wt. 8 oz.

$9.00 Ppd. Order No. 60.607E. Edmund
Scientific Co.. Barrington, New Jersey
08007.

Gionr Sale—Surplus Ainico Magnets
Save 66% to SO"/© of original cost. Terrific

bargain. We bought entire inventory of

famous mfr. who discontinued production.

Nine different types and sizes. Set of 18

assorted magnets includes "U", bar, cylin-

der — all of highest quality, two of each
type. Wt. I -lb. 2 oz. $4.00 Ppd. Order No.
No. 60.581 E. 3-lb. assortment of 18 as

shown plus variety of others— No. 70,827E.
$10.00 Ppd. Edmund Scientific Co., Bar-
rington. New Jersey 08007.

Astronomical Te/escope Kits

G.'-ind your own mirror for powerful tele-

scone. Kit contains tine annealed pyrex
mirror blank, tool, abrasives, diagonal
mirror, and eyepiece lenses. You build
instruments valued from $75.00 up.

Stock No.
70,003E
70.004E
70.005E
70.006E
70,007E
Edmund

Diam.
4',4"

Jersey 08007.

10"
1
2 'A"

Scientific

Thickness Price
$8.00 Ppd.
12.95 Ppd.
21.00 Ppd.
34.25 f.o.b.
65.85 f.o.b.

Co., Barrington. New

I %•
2

'/a

G'lonf Free Catalog
Completely new 1967 Catalog. 148 pages
packed with nearly 4,000 unusual bargains.
Exciting new categories. Many new items.
lOO's of charts, illustrations. Many hard-
to-get war surplus bargains. Enormous selec-
tion of telescopes, microscopes, binoculars,
magnets, magnifiers, prisms, photo com-
ponents, etc. For hobbyists, experimenters,
workshops. Shop by mail. No salesman will
call. Write for Catalog "E" 1o Edmund
Scientific Co., Barrington. N.J. 08007.

Pocket Meter Shows Wind Speed
Useful to all outdoorsmen, especially sail-

ors, shooters, fliers, golfers. Light-weight
Pocket Wind Meter accurate to within i

MPH. Two scales—low and high velocity.

One from 2-10 MPH graduated in ',2 MPH
increments. Second from 10-66 MPH in

2 MPH increments. Easily read even in

inclement weather. 6^e" long x I 'A" wide
X %" thick. Wt. approx. 2 ozs. Plastic
pocket carrying case, instr. included. $4.95
Ppd. Order No. 60.349E. Edmund Scientific
Co., Barrington, New Jersey 08007.

New "Belt'Pod" Steadies Camera
Get crisp, sharp photos at 1/30 second with
this "belt-pod." Permits rigid support and
slow down of shutter speeds. Excellent too

for tripod-threaded monoculars or binoculars
with tripod mount. 3-section post telescopes
from 8" to 171/2" for fast eye-ievel shooting.
Locks securely. 6" wide black plastic belt
support. Snap-type holster included for car-
rying on your belt. $5.95 Ppd. Order No.
50, 362 E. Edmund Scientific Co., Barring-
ton. New Jersey 08007.

Spectacular "Specs" for Sports

New lightweight compact field glasses bring

action of sporting events, theater, etc. 21/2

times closer. Worn like regular eye glasses

—fit neatly away in pocket or purse. Achro-
matic (color corrected) objectives give

maximum image sharpness and absence of

"rainbows". Individual focus down to

31". Interpupillary distance adjustable (72

to 62 mm). 4 oz. Case incl. $17.00 Ppd.
Order Stock No. 1548E. Edmund Scientific

Co., Barrington, New Jersey 08007.
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MAIL
ORDER SHOPPING MART

A selection of products available by mail for readers of Natural History

AH merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

GIFTS!

3" Astronomical Te/escope

See the stars, moon, phases of Venus.
Ijlanets close U|). 60 to 180 iiower. Aliinii-

nized and overcoated 3" diameter f/IO pri-

mary mirror, ventilated cell. Equartorial
mount with locks on both axes. Equipped
with GOX eyepiece anil mounted Barlow
lens. 3X finder telescope, hardwood tripod.

Included FREE: -STAR CHART'; 272-
page "HANDBOOK OF HEAVENS";
"HOW TO USE YOUR TELESCOPE"
book. $29.95 ppd. Order No. 85.050E.
Edmund Scientific Co., Barring ton. New
Jersey 08007.

American Made Opaque Pro/ecfor

Projects illustrations up to 3" x 3'/2"—en-
larges them to 35" x 30" if screen is 6'/2 ft.

from projector, larger pictures if screen is

further away. No film or negatives needed.
Projects charts, diagrams, color or black-
and-white. Operates on 115 volts A.C. cur-
rent ... 6 ft. extension cord and plug
included. Operates on 60 watt bulb, not in-
cluded. Sizp 12' X 8" X 4' 2" wide. Weight
( lb. 2 ozs. Plastic case. S7.95 ppd. Order
stock No. 70,I9!)E. Edmund Scientific Co.,
Barrington. New Jersey 08007.

Giant Surptirs Balloons
"Balls of fun" for kids, traffic stoppers
for stores, terrific for amateur meteorolo-
gists. Create a neighborhood sensation.
Great backyard fun. Exciting beach attrac-
tion. Amateur meteorologists use to meas-
ure cloud heights, wind speed, and temp.
Made of heavy black rubber. Inflate with
vacuum cleaner or auto air hose; or locally
available helium for high rise. 8" diam.
S2.00 Ppd. Order Stock No. 60,568E.
Edmund Scientific Co., Barringlon. N.J.
08007.

New Model Digital Computer
Solve problems, tell fortunes, play games
with miniature version of giant electronic
brain! Adds, subtracts, multiplies, shifts,
complements, carries, memorizes. Colored
plastic parts easily assembled. 12" x 3'/2''

X 4^,4". Incl. steu-by-step assembly dia-
grams, 32 -p. instruction book covering
operation, computer language (binary sys-
tem) programming problems &. 15 experi-
ments. S5.98 Ppd. Order No. 70,683E.
Edmund Scientific Co.. Barrington, N.J.
08007.

8-Day Ship's Bell Clock

Fine precision marine timepiece. Handsome
metal case in brass or chrome. Highly cor-
rosion resistant. Familiar 1 to 12 dial. Also
marked with 24-hour system of timekeeping
from First Watch (evening) through Second
Dog Watch. Chimes nautical '/2-hr, intervals
from I to 8 bells—can be turned off. Ther-
mometer at bottom of dial. $70 Ppd. Brass
—order Stock No. 70.781E; Chrome— No.
70. 782 E. Edmund Scientific Co., Barring-
ton. N.J. 08007.

^

"Fish" With A Magnef
Go treasure hunting on the bottom! Fas-
cinating fun & sometimes profitable! Tie a
line to our 5-lb. Magnet—drop it overboard
in bay, river, lake or ocean. Troll it along
bottom—your "treasure" haul can be out-
board motors, anchors, other metal valu-
ables. 5-lb. Magnet is war surplus—AInico
X Type—Gov't cost S50. Lifts over 150 lbs.
on land—much greater weights under water.
$12.50 Ppd. Order Stock No. 70.57IE. Ed-
mund Scientific Co.. Barrington. N.J. 08007.

New Hydroponic Grower
Now grow orchids, roses, tulips, etc. in
office, home or classroom WITHOUT SOIL.
Portable hydroponic grower has automatic
feeding system— just flick switch I min.
a day. Minimal maintenance. Planting bed
6" X 21 '/2". Operates on 4 "D" batter-
ies (not incl.). 9-week supply of vitalizer
instructions. $39.95 Ppd. Order No. 80.094E
Vitalizer concentrate only (max. 16 week
supply). No. 60,57IE. Si. 95 Ppd. Edmund
Scientific Co., Barrington, New Jersey
08007.

Terrible Lizards—Monstrous Mammals
Explore the fascinating prehistoric world
of dinosaurs 200,000.000 years ago. New
kit contains 24 authentic scale models (12
dinosaurs— 12 mammals) accurately detailed
in sturdy plastic. Incl.: Giant Brontosaurus.
fierce Tyrannosaurus Rex. Wooly Mammoth—range in size from 2" to 6". Also inst. to
build your own dinosaur land and Wonder
Book. 55.00 Ppd. Order Stock No. 70.8I7E
Edmund Scientific Co., Barrington, New
Jersey 08007.

%Cji^

Crystal Growing Kit

Do a crystallography project— illustrate with
large beautiful crystals you grow yourself.

Study & demonstrate factors affecting
growth, refraction, piezoelectric effect, sym-
metry, etc. Incl. book "Crystals &, Crystal
Growing" plus generous supply of chemicals
to grow 7 large display crystals (clear,
purple, blue-qreen. green and red). 59.5(1

Ppd. Order Stock No. 70.336E. Edmund
Scientific Co., Barrington, New Jersey
08007.

Wooden Solid Puzzles

Here's a fascinating assortment of 12 differ-

ent puzzles to provide hours of pleasure
and stimulate ability to think and reason.
Animals and geometric forms. Take them
apart and reassemble them. Lots of fun for

the whole family—young and old. Will test
skill, patience and ability to solve problems.
Order yours now. $3.00 Ppd. Order Stock
No. 70.205E. Edmund Scientific Company.
Barrington. New Jersey 08007.

Science Treasure Chest

Hundreds of thrilling experiments plus a
Ten Lens Kit to make telescopes, micro-
scopes, etc. Incl.: extra powerful magnets,
polarizing filters, compass, one-way mirror
film, diffraction grating, many other items.
$5.50 Ppd. Order Stock No. 70.342E
Deluxe Chest: Above plus crystal growing
kit, electric motor, molecular set. and lots
more. $10.50 Ppd. Order Stock No. 70.343E.
Edmund Scientific Co., Barrington. New
Jersey 08007.

Pocket-Size Microscope, Telescope
New! Amazing 2-in-l combination of 50*
power microscope and lO-power telescope in
one precision instrument. No larger than a
fountain pen — extra sharp focus at any
range. Handy for sports (brings distant
objects 10 times closer)—explore fascinating
world of microscopic organisms. Imported.
54.50 Ppd. Order Stock No. 30.059E. Ed-
mund Scientific Co., Barrington. New Jersey
08007.

long and S/iorf-lVave Ultra Violet lamp
Photograph gem-like colors of 85 fluorescent
minerals, artwork, chalks, paints. Use for
prospecting, mineral collecting, etc. Sturdy,
compact, portable. Shortwave UV radiation
up to 2537 angstroms — long up to 3660
angstroms. Operates on AC or "D" Bat-
teries. Wt. I lb. 5 oz. Incl.: 9 ft. cord,
booklet, set of fluorescent minerals. $29.75
Ppd. Order Stock No. 70.259E. Edmund
Scientific Co.. Barrington. N.J. 08007.

Junior Rocket and Space Capsule
Parachute-equipped Rocket and Space Cap-
sule soar to 600 ft., then with 2 parachutes
float to earth. Fully controlled— II time de-
lays to choose from. Launch again and again.
No chemicals, explosives. Extra strong rub-
ber sling provides power. Capsule and para-
chute, rocket body and parachute, launching
pad. sling and instructions. S3, 50 Ppd
Order Stock No. 70.845E. Edmund Scien-
tific Co., Barrington. New Jersey 08007.

Spoce-Age Nickel Cadmium Batteries

Guaranteed rechargeable for 5 years. Use
in flash I i ghts. portable radios, toy or flash
guns. Obsolete .ill others! Low-cost kit in-
cludes compact, highly efficient charger
and 2 "D" size Ni-Cd batteries. Power
output remains constant. I or 2 "D" or
"C" size batteries charge in 16 hrs. 59.95
Ppd. Order Stock No. 60,591 E. Charger
only. $5.98. Stock No. 60.592E. Two
"D" cells only. $5.98. No, 60,593E. Ed-
mund Scientific Co., Barrington. New Jersey
08007.
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Nature Kit At Tremendous Saving

We bought entire inventory of mfgr. who
discontinued production. Wonderful bargain
for students of general science, biology,
chemistry; experimenters, hobbyists. Kit in-
cludes preserved starfish, horsefly, honeybee;
I specimen each of metamorphic. sedimen-
tary and igneous rock: pkg. shrimp eggs;
pks. diatomaceous earth: plastic rule; 6 bot-
tles and vials: stirring rod; 4'.'2" forceps.
$2.25 Ppd. Order No. 70.862E. Edmund
Scientific Co.. Barrington, New Jersey 08007.



If you
own a
Nikon F

you have more than 30 interchangeable Nikkor lenses to choose from;

14 interchangeable viewing screens; 4 interchangeable finders; 2 electric motor drives;

copy and closeup equipment; macro and photomicrographic attachments; filters;

flash units; cases; film cassettes, and an almost endless variety of other accessories.

You have all of this at your command, to draw upon and use, whether you

obtained your Nikon F today, yesterday or seven years ago.

If you are earnestly considering the creative possibilities of photography,

ask your dealer to show you the Nikon F. For details, write:

Nikon Inc., Garden City, N.Y. 11533 Subsidiary of Ehrenreicli Plioto-Optical Industries, Inc. Distributed In Canada by Anglophoto, Ltd.

__JI










