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STAR-TESTED QUESTARS ARE USUALLY IN STOCK READY FOR IMMEDIATE DELIVERY, FROM 3995. TERMS ARE AVAILABLE, LET US SEND YOU THE QUESTAR BOOKLET,

Mr. and Mrs. C. C. Moler of Maryland with their Questar resolve double stars whose com-

ponents are separated by only 0.6 second of arc. He writes us, "Last night, July 3rd, was

about the finest seeing condition we have ever experienced, and Eta Coronae Borealis (mags.

5.7 and 6.0, sep. 0".6) was in a most favorable position. The nearly equal magnitudes of the

two components was an essential factor. Then the unbelievable was accomplished. Both Mrs.

Moler and I could distinguish it as a notched double. . . . We have also worked carefully on

Lambda Ophiuchi, which is brighter, being 4.2 and 5.2 with separation of 0".9, and easier to

see as a double than Eta Coronae Borealis." The

classical Rayleigh and Dawes limits for telescopes of

Questar's 3.5-inch aperture are 1.4 and 1.3 seconds.

QUESTAR
BOX 60 NEW HOPE, PENNSYLVANIA



NOW— through the miracle of sight-and-sound

nature and science adventures — you can explore

ncredible secrets of life and the universe!

Imagine exploring the

fascinating worlds of
nature and science
with Walter Cronk-
ite. Dr. William
Burns of the Ameri-
can Museum of Nat-
ural History, Hans

spacc^ ship Conried and Alexan-
OU ARE THERE . . .

xriorcs and lands der King as your
n ihc moon! guides . . . revealing

the startling, little-

nown facts that make you and your
amily eye-witnesses to many of the most
trilling events and discoveries of all time!

You'll meet the fiercest killer the world
;as ever known . . . cruise in an atomic
iibmarine . . . launch a Polaris missile

. ."book passage" on a rocket headed
or the moon. You will see the earth as

I was 100,000,000 years ago . . . and
ouU learn about the world science is

ilanning for tomorrow! You not only see
hese breath-taking scenes projected in

iriUiant, lifelike color — you hear your
larrator give you the exciting facts that
iroaden your knowledge and deepen
• our understanding of the vital, ever-
;hanging world around you!

Upon enrolling as a Trial Subscriber
.0 the Panorama Colorslide Nature and
Science Program, you receive as a FREE
introductory gift an electric Colorslide
Projector—the result of years of research.
Then, each month thereafter, for as

long as you remain a subscriber, you
will receive 32 colorslides about a differ-

ent adventure plus a long-playing record
keyed to the individual slides. On the
record you will hear the fascinating facts

behind the color scene you are seeing.

You will also receive each month a
handsomely illustrated, hard-bound
guidebook. Written by a noted scientist

or naturalist, it gives you additional fas-

cinating information about each subject
covered. Some of the adventures await-
ing you are Under the Microscope,
Rocket lo the Moon, Atomic Submarine
and Polaris, Life in the Desert, and many,
many more!

Each of these monthly Program adven-
tures — consisting of 32 Colorslides, a
long-playing Record and Guidebook — is

yours as a Trial Subscriber for only $3.98.
You may reserve a Trial Subscription
and examine the Projector and the Color-
slides, Record and Guidebook on Dig-
ging for Dinosaurs for 10 days before
you pay for anything or even decide to
subscribe lo the Program. You will also
receive a 12" Columbia long-playing re-

cording of astronaut
Alan B. Shepard Jr.'s

pioneering flight into

space, yours to keep /-Jj
FREE, whether or not
you remain a Pano-
rama Subscriber.Take
advantage of this spe-

cial FREE EXAMI-
NATTON OFFER YOU ARE THERE .. .

i:.'^^.^^'^ j'-'^r.'^r-' on a fabulous expe-
Fill in and mail the dition searching for
coupon today! dinosaurs!

FREE GIFT! AN AMERICAN IN SPACE
Recording of Alan B. Shepard Jr.'s historic space voyage

The greatest adventure of our lifetime. America's ""MSTli"
first giant step in the conquest of space, recorded ^wi iSi
as it happened at Cape Canaveral — count-down, ™fls,™
blast-off, flight, recovery, and a statement by Pres. ."^STPrsi
Kennedy. This 12" long-playing 33V3 rpm record Is ""^-^T"
yours to keep FREE, whether or not you remain a ,_—

.

'
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Panorama Subscriber!
--—~-

SEND NO MONEY- Mail 10-Day Trial Coupon Today

PANORAMA COLORSLIDE NATURE AND
SCIENCE PROGRAM -Dept. 706N
a service of Columbia Record Club
111 Fifth Avenue, New York 3, N. Y.

Please send me my FREE Panorama Colorslide Projector and
the first adventure. Digging for Dinosaurs, consisting of 32
Colorslides, long-playing Record and Guidebook. I will either

return these items within 10 days or I will remit to you S3.98
for the Colorslides. Record and Guidebook, and you may en-

roll me as a Trial Subscriber to the Panorama Colorslide

Nature and Science Program. As a Subscriber, my only obli-

gation will be to accept three additional Panorama adventures

(four in all) — each consisting of 32 Colorslides, Record and
Guidebook-all for only S3.98 per month, plus a small mailing

and handling charge. (A small charge is added to your first

bill to cover Projector shipping expense.) With Digging for

Dinosaurs vou will also include the 12" Columbia long-play-

ing record of Alan B. Shepard Jr.'s flight into space, mine to

keep, whether or not I decide to subscribe.

(NOTE: a continuing series of monthly adventures is planned
~ you may remain a subscriber for as long as you wish or
terminate at any litne after the first four months.)

i3HlglHffill^rai^ NATURE AND SCIENCE PROGRAM • a service of Columbia Record Club|

CITY ZONE STATE 4

D PANORAMA PROJECTION SCREEN (optional). If you
have neither a screen nor a while wall for showing the slides,

you may have a 31" x 24" projection screen, with smooth,
matte-while surface for ma.ximum image sharpness. It's a

S5.50 value-yours for only 52.00 (plus mailing charge) if you
check this box. 201
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WITH COLORFUL LEAVES, FLOWERS, BUTTERFLIES

PERMANENTLY PRESERVED IN CASTOGLAS!

Pours Like Honey — Sets Like Glass

!

The Pansy shown in this photograph was embedded in crystal-clear Castolite in

1946. It is as lovely now as the day we picked it in our garden. NOW—a greatly

simplified method enables you to do the same with Castoglas on wood, hardboard,

metal or between layers of glass mat.

How You Can Make These Tiles. The three photos below

illustrate the simple casting method. Mix a small amount
of Castoglas with Hardener and pour a thin layer on the

wood. Then place a leaf, or any other interesting object,

on this wet surface which will harden in 30 minutes at

room temperature. A covering coat of Castoglas completes

the process. That's all there is to it. A hundred years from

now, this leaf will be as new . . . well, maybe you don't

care. But you get the idea.

What You Can Do With Tiles. Use them under serving dishes, as coasters, trays,

wall decorations, lamp bases, bookends. Or make a table or countertop; Castoglas

is waterproof, heat- and acid-resistant and easily cleaned. Design seed mosaics or

embed photographs, colorful reproductions of birds or pets, coins and stamps and

other mementos of your travels—even your children's crayon drawings. There's no
end to the truly distinctive accessories you can create with Castoglas.

Just A Few Notes About The Various Embedments. The brilliantly colored fall

leaves, the ferns. Coral bells and the chrysantheinum were gathered in our own
garden. From the island of Formosa came the butterflies. The colorful prints of

birds and dogs were cut from National Wildlife stationery. Embedded in Castoglas

on 4 X 4 inch masonite, they look like expensive, handpainted porcelain you see in

high-priced specialty shops.

The coins Were some loose change left over from a recent

journey abroad. (In fact, that's all we had left!) Rice, mus-

tard seed, barley and split peas were borrowed from the

pantry to make the seed mosaics. If we weren't so modest
about the whole thing, we'd come right out and tell you
how impressed we are with our own handiwork. And the

beauty of it is that you, too, can do all this and more, even

if you have never worked with Castoglas before.

Easy To Make At Little Cost-about 20tf for a 6 x 6 inch

wood tile. As you can readily see, this is an exciting way
to make wonderful gifts and to raise funds for your church
or club and for yourself, too. For your copy of "How to Make and Use Nature

Tiles", with complete illustrated step-by-step directions, mail 25(' to Dept. 91-A,

THE CASTOLITE COMPANY • WOODSTOCK, ILLINOIS

The three photos directly below illustrate the basic einprocess.

It's as easy as it looks.
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Reviewi
Exercises in unnatural historil

Abominable Snoivmen: Legend Come to

Life, by Ivan T. Sanderson. Chilton Co.,

$7.50; 525 pp., bibliography, index, ap-

pendixes, illus.

Afree-lance zoologist of Scottish birth

. and American citizenship. Ivan

Sanderson has traveled over much of the

earth in pursuit of his work. He has

written a dozen or more popular books

on zoology and has appeared frequently

on television with his vertebrate compan-

ions. In the book under review he has

massively attacked one of the most con-

troversial questions of modern zoology,

the evidence for and against the exist-

ence of the Abominable Snowman, or

ABSM for short.

What most scientists— if they are will-

ing to consider it at all—consider to be

a restricted problem (what is it that

keeps popping up in the rhododendron

thickets and snowfields of the Himala-

yan area?) Sanderson has blandly con-

verted into a nearly global one. This he

has done by collecting accounts of "wild

men." mysterious marauders, large two-

legged animals, and almost anything

like them seen moving in the woods
round the world and then labeling the

reported creature an ABSM.
As a result. .Sanderson can cite "evi-

dence" for the existence of such crea-

tures from every continental land mass

except Australia and Antarctica. By this

not very subtle technique of expanding

ABSM "populations." he ends with such

a mixed bag that he has been forced to

provide zoology with a new classification

of this hypothetical collection of genera.

Some of Sanderson's investigations

were made personally in the field (par-

ticularly in the last two years, in the

area from California to British Colum-

bia) but most of his information stems

from an egregious culling of a literature

that is necessarily overweighted with

newspaper and magazine reports. At

that, he says his bibliography (over 350

titles) is but a fraction of the works

consulted. To the reader of his 1.50,000

words here, it is clear that Sanderson has

done voluminous research.

Sanderson's technique in this book is

to develop his data and ideas through

several stages. First he presents—

mostly in uncritical fashion—all of his

ABSM evidence, however factual or fat-

uous, from continent to continent. This

excursion in detail starting in North

America and ending in the Himalayas,

takes up three-fourths of the book.

Next Sanderson consolidates this ma-
terial and analyzes it in terms of three

kinds of evidence: Intrinsic (mostly

skin, hair, and blood); Cognate (ex-

crement and tracks) ; and Corollary, a

category that includes cries, other

noises, body odor, and activities (such

as moving rocks). In this section of his

book. Sanderson is quite critical, and
downgrades much of the evidence he has

previously presented in detail. The re-

sult, of course, is a substantial waste of

a serious reader's time, but Sanderson

seems to be shooting for a wider audi-

ence. Then, in an effort to project

ABSMs into the past, he reviews the sub-

ject of fossil apes and fossil men in a

way that will seem strange to profes-

sional anthropologists. He also reviews

what he calls MLF (or Myths, Legends,

and Folklore) . and goes on to equate the

product of these analyses with the facts

of climate, phytogeography (plant dis-

tribution), and zoogeography. He then

castigates the professional skeptics who
have scoffed at the ABSM business in

whole or in part, and have also failed to

give ABSM-workers the necessary tech-

nical help. Finally, he states his conclu-

sions: that at least four kinds of bipedal

primates unknown to orthodox science

roam the world today.

Sanderson's appendixes consist of a

discourse on the philology of the names
given putative ABSM's throughout the

world, a primate family tree with a spe-

cial chart for apes and men, a list of

Himalayan animals that might conceiv-

ably have been mistaken for ABSM's,
and a welcome de-debunking of Sir Ed-

mund Hillary's recent Yeti debunking.

All of this is a large order, even for an

overweight book, packed with facts,

near-facts, fables, zoological principles,

personal likes and dislikes, repetitions,

and some downright mistakes. Most of

tiie latter are unimportant and unneces-

sary, because they fall in fields peri-

pheral to the main subject. Despite the

repetitive blustering against unbelievers

(which reminds one a little of Moham-
med's condemnation of infidels in the

sura of the Holy Koran entitled Kafii

una

)

, Sanderson's is a book that merit|j>l

patient reading with open mind.

THE author's principal thesis is thai

the higher primates, particularly the

pongids (apes) and hominids (Austral

opithecines and men ) survive in more

zoological forms than those now recog-

nized, i.e., gibbons, siamangs, orangs.

chimpanzees, gorillas, and Homo sap'

iens. All of these hypothetical, unrecog

nized forms he lumps into the ABSM
category, into which he also lumps such

Hominidae as the Australopithecines,

the fossil men that anthropologists are

coming more and more to call Homo
erectus (Pithecanthropus, Sinanthropus,

Solo Man. Rhodesian Man, and the like),

and the Neanderthals, which most of us

now call a subspecies of Homo sapiens.

Sanderson's new classification thus in-

cludes both pongids and hominids-

presumably living but unrecognized—as

well as others that are extinct. However,

Sanderson's principal concern is with

the unrecognized living forms, which he

divides into four groups.

I. Subhumans (East Eurasian and

Oriental region), These are said to be

men of normal size, covered with body

hair, who make a rudimentary use of

tools, have some form of vocal commun-
ication, smell badly, climb rocks, and

swim. They have been reported in Ma-

laya, Yunnan, the Pamirs and Mongolia.

II. Proto-Pygmies (Oriental region,

Africa, and possibly central and north-

west South America ) . These are said to

be pygmy-sized creatures, with black or

red fur, who go about in family groups,

have a primitive form of language,

climb trees and swim, live in tropical

forests down to the seashore and coastal

swamps, and are omnivorous. Among
them are the frog-eating Teh-lmas of

the valley forests of the Himalayas, and
certain alleged denizens of Colombia,

Sumatra, and West and East Africa.

III. Neo-Giants (Indochina, East Eur-

asia, North and South America). These
are the hairy, seven-foot monsters re-

ported recently in California, and their

Asiatic counterparts. Their supposed

tracks show them to have very large feet,

which look human in most respects, but

show a double pad under the great toes.



B animals are said to use no tools,

mmunicate only by loud screams,

to be less human-like in behavior

the first two. They include the Dzu
)f Indochina and Szechwan, and the

[i natch, or Oh-Mah, of North Amer-
popularly known as Big Foot).

Siibhominiils (South-central Eur-

Nan Shan. Himalayas, and Kara-

|ii ) . These alone are said to have

;d canine teeth, and to drop on their

kles like the gorilla. Their foot-

s are the only ones that show op-

jle toes. These elusive animals,

n as the Meh Teh in the Himalayas,

Iso the only ones that seem pongid.

Meh Teh is the original, classical

b linable Snowman, or Yeti. with

nineteenth-century "discovery"

lit this ABSM business started,

the major part of his book, as we
seen. Sanderson recounts numerous
"ts of people sighting these animals,

eing their tracks, or their feces and
remains, in five continents. He
with northern California, where

BSM of the third and largest cate-

disrupted a crew building a log-

road. The creature reportedly

V fuel-oil drums into a gorge, left

and excrement in profusion, and
jed himself briefly in the glare of

I piobile headlights. Two physicians

jng home late at night on Route 299

i isaid they saw such an animal.

nderson pieces out this evidence

i the tale of a Swedish gentleman in

I [sh Columbia who reluctantly ad-

Ithat he was kidnapped in his sleep-

bag by an ABSM thirty-five years

; I
His captor carried him to a moun-
glen where the victim was held

r )ner for several days before escap-

While a few ABSM witnesses, such

lis one. are willing to make their

es public, Sanderson says that most
lem hold back through fear of ridi-

At any rate, a number of well-

pped teams are now searching for

! creatures in the American North-

. If they are really there, at least

of them should be found within a

ionable time.

o me the least credible story of this

nvolves an unnamed split-level com-
ity on the edge of the montane for-

thirty miles from an unnamed
fornia city. The children of this

jmunity who are under seven years

spend their spare time in the fields,

ing with little hairy ones that come
n from the trees. But. when adults

e, the hairy ones dart back up in the

trees. Sanderson reports that the adults

know this, but are ashamed to mention

it or to do anything about it. This tale

leaves me completely incredulous, not

so much about the hairy playmates as

about the pusillanimous behavior of the

adult Californians.

Another item that strains my credu-

lity to near the snapping point is San-

derson's statement that, when he was a

boy. one of his schoolmates had a three-

inch, hairy tail. If his companion did,

his abnormality should be the subject

of a medical report rather than an item

in this book, where it is completely ex-

traneous. Inclusion of this tale suggests

that Sanderson, for reasons of his own,

is deliberately trying to be disbelieved.

Compared to the northwestern U.S.A.

and Canada. South America and Africa

are thinly represented by ABSM re-

ports, even with Sanderson's grab bag
techniques of collecting them. We do not

come back into odd-primate pay dirt

until we reach the Caucasus. There a

Russian scientist saw one, observed it

carefully, shot at it—and missed. Other

Russian scientific reports from the Pam-
irs are of the same quality, and the evi-

dence from the Himalayas is too well

known for detailed coverage here.

HAVING finished his tongue-in-cheek

world tour of evidence of all de-

grees of credibility, Sanderson drops his

bland mask and becomes critical. He
casts out many of the tales previously

told, and analyzes the most solid items.

In his array of "intrinsic" evidence, skin

samples so far obtained have been taken

from dried specimens kept in Nepalese

and Tibetan lamaseries. Not one of

these can be proved to have come from

an ABSM, nor is there reason to believe

that the specimens were supposed to be

Yeti "scalps" in the first place. Some
hair samples come from the same lama-

sery scalps and are equally unreliable;

others were picked up near ABSM
tracks. For technical reasons, these are

hard to analyze, partly because of vari-

ation in different parts of the same
pelage. At any rate, we know that such

hairs from Nepal were not shed by

bears, the principal suspects. Blood

analysis has so far been inconclusive.

"Cognate" evidence consists of excre-

ment and tracks. The supposed ABSM
feces are hominid or pongid in shape.

In Nepal, they contain pika fur, whisk-

ers, and bones, chick feathers, insect

"claws." and grass. In California, they

are almost all vegetable, and one con-

Three individuals have been involved
\»itli the first two volumes reviewed
till- month. The matter of Abominable
Snowmen is discussed by Dr. Coon,
of the University of Pennsylvania,
who brings to the subject decades of

learning as a physical anthropologist.

The problem of communications with
dolphins is the joint concern of a

biologist couple, the Drs. Tavolc.\.

He is a research associate in animal
behavior at The American Museum;
she. Associate Professor of Biology
at Fairleigh Dickinson University.

tains a Trichiirus parasite (said to be

found in primates other than man).
The tracks, of which many photo-

graphs have been taken and some plaster

casts made (in mud J, are the best evi-

dence so far. All but those attributed to

the Meh Teh (Yeti proper) are roughly

hominid in form, and the Meh Teh's are

roughly pongid. I agree with Sanderson
that not all these tracks, if any. were
made by bears or other non-primates,

and that not all, if any, were hoaxes.

Sanderson next correlates ABSM re-

ports with phytogeography and zoogeog-

raphy, to show that the reports come
mostly from evergreen, montane forests.

He also explores world mythology, in-

cluding the Book of Genesis (the latter

with the help of a learned rabbi). Fin-

ally. Sanderson shows that Hillary's re-

cent "exposure" of the Snowman was an
insubstantial red herring, because the

goatskin "scalp" that he exhibited on

television was not supposed to be that

of a Yeti, anyhow, and because his ex-

planation of the tracks he found in the

snow is contraverted by better evidence.

I view this book with mixed feelings.

I wish that Sanderson had been less

chatty, colloquial, repetitive, and angry.

His excursions into physical anthropol-

ogy and human paleontology are sub-

professional. I can understand his im-

patience with armchair "experts," but

grow tired of hearing about their delin-

quencies. Still, the author has made at

least one substantial point. The Yeti

tracks found in Nepal by several reliable

explorers seem to be those of some kind
or kinds of large primate. Fundamen-
tally, it is up to the anti-ABSM partisans

to prove that nowhere in the world does

a zoologically unrecognized pongid or

other bipedal primate exist, as well as to

find the other animal that makes the

cryptic footprints in Nepal.

Let us hope that the orientation of

this book, transparently aimed at a wide
sale to sensation-seekers, will not dis-

courage serious professional zoologists

and anthropologists from making an all

out effort to clarify this all too tangled

question. Let us also hope—pending the

possible delivery of some such animal,
alive or dead—that the experts will not

be moved to withdraw even farther be-

hind the shelter of their microscopes.

Carleton S. Coon

Man And Dolphin, by John C. Lilly,

M.D. Doiibleday & Co., $4.95; 312 pp.,

bibliography, appendixes, illus.

SCIENTISTS AND LAYMEN interested in

the behavior of animals—and espe-

cially of dolphins—have certainly noted

newspaper and magazine reports in the

last few years in which it has been

alleged that Dr. John Lilly has claimed

an ability to talk to dolphins. Those who
have been waiting for an authoritative
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presentation of this improbable asserti

now find that the press reports were c]

rect at least in part. Dr. Lilly has at 1,

published his own account of his inv

ligations in this field.

It is virtually impossible to writi

complete critique of this book. In almi

every paragraph of every chapter, thi

are evidences that the work is scien

ically unsound and naive. However,

may serve as an example to young
searchers—and a reminder to others

how not to do scientific research.

Man and Dolphin begins with a p
diction: that man will some day co:

municate with an alien species, and tha

this book will serve as an "elemental

handbook" to prepare us for such coni

munication. Dr. Lilly then goes on to sel

forth the thesis that his attempts to

municate on an intelligent level with do!

phins will serve as a useful basis foi

communication with alien creatures, pos- ly

sibly even aliens from outer space

Why dolphins? Several reasons ate

given for the selection of this species

Dr. Lilly's first alien communicant. In

order to speak with an alien form,

must first determine whether the alien is

capable of speech and has a language of

its own. Once we have a positive answer

to this, Dr. Lilly proposes to teach ihe

alien our own tongue. Dr. Lilly is con-

vinced that, of all of earth's creatures. 'i

other than man. dolphins possess a Ian- i
Is

guage as complex as our own and are ,'|tn

capable of learning English.

FIRST, Dr. Lilly is much impressed by

the size and complexity of the dol-

phin's brain, as are most other scientists

who have examined specimens of this

organ. In his reaction to this remarkable

brain, however, he neglects the fact that

brain size and complexity are only some

of the many criteria of intelligence. In-

deed, the relationship of any morpho-

logical criteria to intelligence has not yet

been accurately established for any ani-

mal, including man. Performance tests,

which are especially difficult to set up for

the dolphin because of its lack of manip-)

ulative ability, have in no way been

standardized for this animal. Althougii

dolphins can be trained to jump through

a hoop, so can dogs. Indeed, the circus-

like performances of dolphins at various

marine aquariums are not in themselves

indicative of any especially high intelli-

gence level for the animal.

Dr. Lilly also assumes that man and
dolphin follow the same functional pat-

terns of development as brain size in-

creases with age. He says that since man
is capable of intelligent speech when his

brain attains a mass of 1,000 grams (at

18 months), then any species with a

brain of that size should be capable of

an equally complex language. From this

unwarranted assumption. Dr. Lilly con-

cludes that dolphins should be capable of

possessing a language. He even suspects



'2 of maintaining a "dolphin culture,"

is transmitted by speech and re-

d entirely by individual mem<iry

consecutive generations.

next important criterion for a

)mraunications effort is that the

e es should actually possess—in addi-

% to an adequate brain—an "intra-

( es" language. Dr. Lilly's evidence

?rliis attribute among dolphins con-

of cases in which one animal was

to respond in some way to sounds

( iced by another animal. Based upon

;Ie anecdote in which killer whales

reported to have avoided whaling

, he concludes that the animals have

nmunicatory system of great com-

ty, and he even describes an imag-

conversation among the whales,

f : thus exposing his uncritical ap-

;h to animal anecdotes. Dr. Lilly

y states that all he is doing is setting

'working hypothesis". of a cetacean

oi lage as a "temporary aid to research

n." Later in the same chapter, he

ds his "working hypothesis" to the

.)|ible existence of "tribal tongues"

ng cetaceans. This chapter is entitled

iding Biased Assumptions."

third reason for choosing dolphins

xperimental animals is that these

11 lals can produce sounds not unlike

of human speech. Dr. Lilly con-

that examples of mimicry he has

rved are proof of the dolphins' poten-

speaking powers. Dolphins are un-

tionably noisy animals, and a large

sure of the sounds they produce is in

t lection with a highly developed and

rate echo-ranging ability (compara-

U> that of bats). Dr. Lilly describes

y of the dolphin sounds that have

reported by other investigators, but

ejDes further to list a number of sounds,

:h, he contends, are "humanoid"

represent mimicry of human speech

ds. The list consists of: "laughter."

3nx cheers," "whistles." and, in a few

, "words." The latter were sounds

however, did not occur in any logi-

context. and the author himself ad-

that they were not very intelligible,

these two facts do not stop him from

ing still another working hypothesis,

we assume, with Dr. Lilly, that dol-

ls mimic their human captors, we
t also accept tlie probability that

sounds heard most frequently

Id be those the animals would be

t likely to imitate. It is awesome to

ed to the conclusion that most of the

munication in Dr. Lilly's laboratory

sists of laughter, Bronx cheers, and
3tles. The point, however, is really

pier: even if mimicry or parroting

Id be demonstrated, the step from the

ation of disconnected sounds to the

munication of ideas is a giant one.

I
Lilly, however, seems willing to

late imitation with communication,

or any useful man-alien communica-

tion, Dr. Lilly goes on, it is necessary

that there be a "bilateral kindliness" be-

tween man and alien. Dr. Lilly clearly

feels kindly toward his dolphins. How
do his dolphins feel about him? Not yet

having established a means of communi-
cation with them, how can he tell? He
seems to think that the dolphins enjoy

the company of himself and his lovely

wife. But it is hard to understand how
these animals can feel "kindly'' toward
Dr. Lilly while they are confined in

coffin-like plexiglass tanks and steel

tubes are being hammered into their

heads. The animals are then forced to

learn by methods, which the author com-
pares to those used—and used ruthlessly

—on human prisoners of war. Dr. Lilly

states that such methods reduce the in-

dividual human to a childish level. With-

out being anthropomorphic, one may ask

whether this is the method most likely

to produce evidence of high intelligence

in a presumably intelligent animal? The
surprising fact is that the dolphins tol-

erate this sort of treatment in docile

fashion. Docility does not necessarily in-

dicate a high order of intelligence.

One enlightening example of Dr.

Lilly's research methods and his treat-

ment of data is to be found in his dis-

cussion of how dolphins are able to com-
municate by taste. On one occasion, in

an artificial tide pool in the Virgin

Islands, a captive animal, "Baby," was
heard to emit a series of sounds "as if

to a distant or missing animal." At this

time, a school of wild dolphins passed

by at sea. They were thought to be "head-

ing right for the area where Baby was
kept." The tongue of the dolphin pos-

sesses papillae, which "apparently" con-

tain sense organs. Dr. Lilly therefore

concludes — although his conclusion is

hedged — that Baby and the wild dol-

phins could sense each other by taste.

In the chapter titled "Implications."

Dr. Lilly begins with the assumption,

predicted earlier, that human beings

will someday communicate with another,

alien species and that the first of these

"aliens" will be the dolphin. He then

launches on a series of imaginative ex-

trapolations: cetaceans could retrieve

missile nose cones, deliver atomic war-

heads, assist in oceanographic research,

herd fishes, collect rare marine speci-

mens, and the like. As he does through-

out his book. Dr. Lilly here carefully

surrounds his predictions and flights of

fancy with qualifications to the effect

that maybe, perhaps, possibly this might,

somehow, someday come to pass.

USE of the terms "language." "speech,"

"communication," and similar

words throughout Dr. Lilly's book is ex-

tremely loose and ill-defined. At one
point, language is used to mean intelli-

gent communication of "descriptions and
predictions": at another, the squealing

of a dolphin in pain, anger, or fright is

referred to as "talking." Many of Dr.

Lilly's observations on dolphin sounds
cfjuld be replicated with dogs, parrots,

and other animals. Does the ability to

mimic prove, or even vaguely indicate,

the powers of speech?
Dr. Lilly takes the view that ".

. . those
who speak are those who are capable of

learning language." If "one, two, three."

said with very poor intelligibility by a

dolphin. is indicative of the giant-brained

animal's ability to speak, and therefore

to learn language, what is to be said of a

parrot's clear-cut. if bird-brained, "Polly

wants a cracker''? Furthermore, if the

parrot is then given a cracker, have we
established communication with an alien

species? Rover can tell us by appro-
priate howls and pantomime that he
wants to go out. Is this a language?
When a male goby utters a grunt and the

female comes to him. is this an "intra-

species language"? There is no doubt
in the minds of most of us that dogs,

dolphins, and many other animals are

able to communicate by sounds or other

means (to us or to each other) their

relatively simple needs and wants, but
this remains a far cry from language.

DR. Lilly has a great affection for dol-

phins. This is easy to understand:

they give the impression of being good-

natured, playful animals. This, however,

is no reason to approach the study of

dolphin behavior without properly con-

trolled experiments and observations.

Assumptions and working hypotheses

are unquestionably useful, but to build

hypothesis upon hypothesis with little or

no factual basis is not science; it is harm-

ful to the acquisition of knowledge; it

tends to induce bias in experimental

design, and it can lead to misinterpreta-

tion of facts. Dr. Lilly has shown us all

too well how one can become absorbed

in and enraptured by "working hypoth-

eses" to the extent that one's objectivity

is affected. Despite all the hedging in the

book, and the frequent use of words such

as "apparently." "likely." "probably."

"possibly," and "looks as if." it is evi-

dent that Dr. Lilly firmly believes in his

theses regardless of the weakness of his

supporting evidence.

After reading the predictions in Man
and Dolphin, the reviewers venture two
predictions of our own. We predict, first.

that readers of this book who do not

understand the methods of science and
have never been exposed to any objective

study of animal behavior will cheerfully

accept Dr. Lilly's theses. We predict, fur-

ther, that criticisms of Dr. Lilly's work
will be met by the traditional refuge:

"they laughed at Galileo and ignored

Pasteur." Our reply is tliis: without

skepticism and intellectual prudence,

science would not be the organized body

of knowledge that it is today.

Margaret C. Tavolc*.

William N. Tavolca



IN BRIEF «
Assault on the Unknown, by Walter

Sullivan. McGraw-Hill Book Co., Inc.,

$7.05; 460 pp., illus.

THIS is a report on one of the most

important and fascinating scientific

adventures of all times, written by one

of the most skillful and technically com-

petent of America's science writers. It

is a behind-the-scenes account of the

preparations for. conduct of, and results

from the International Geophysical Year

—a multination scientific attack on the

mysteries of the earth, the atmosphere

and terrestrial space, which extended

eighteen months from July 1, 1957 to

December 31. 1958. It involved some

sixty thousand scientists, from sixty-six

nations, working at thousands of bases

from pole to pole and the world round.

International co-operation was the ce-

ment that bound the separate projects

of this vast undertaking into a unified

whole. At the same time, competition

between nations—especially with respect

to satellite launchings—created national

identification with some aspects of the

scientific program. The tremendous pop-

ular interest in the orbiting of Sputniks,

Explorers, and other space vehicles dur-

ing the IGY made it even more difficult

to view the total program in perspective.

Mr. Sullivan sets the record straight,

giving proper emphasis to preparations

and accomplishments in all the scien-

tific disciplines. Even the international

political intrigue involving the Chinese

People's Republic, and their eventual

withdrawal from the IGY because of the

participation of Taiwan, is clearly related.

One of the projects of the IGY, known
as Argus, consisted of exploding two

hydrogen bombs over Johnston Island

in the Pacific Ocean and studying the

effects on the upper atmosphere. Not

only is this project lucidly described,

but the description serves as an intri-

guing insight into the world of the

journalist. (Walter Sullivan is a science

writer for The New York Times. ) For

obvious reasons, many aspects of Argus

were veiled in ineffectual secrecy. The

reader of the book shares with the author

the problems of knowledge of the detona-

tions prior to official announcement, and

the dilemma presented to a responsible

journalist regarding whether or when
to publisli "classified" information.

An eloquent plea is made for further

study of the oceans. Though some 71

per cent of our planet's surface is cov-

ered by water, we are inclined to think

of the oceans as "inconvenient barriers"

rather than a fertile source of food and

water and as laboratories with virtually

unlimited potential for revealing new
information about the earth. Even the

comparatively fragmentary efforts of the

IGY revealed previously unknown under-

sea mountain ranges and new knowledge

of ocean tides and currents and their re-

lationships to atmospheric circulation.

It would be difficult to select one

characteristic that predominates in Mr.

Sullivan's book. There is an undercur-

rent of personal involvements, a weaving

into the story of the personal aspirations,

however, that lends unusual warmth. This

feeling is most evident in the descrip-

tions of the work performed in Antarc-

tica, possibly because Mr. Sullivan saw

the work there in person.

Joseph M. Chamberlain
The American Museum—

Hayden Planetarium

The Heart of the Forest, by Adrian

Cowell. Knopf, Inc., $5.00; 238 pp., illus.

AN extraordinarily telling book, The

. Heart of the Forest owes much of

its effectiveness to the fact that the au-

thor, originally at least, did not know a

great deal about his subject. Adrian

Cowell, a young Englishman, went along

"for the ride" on an expedition to the

still largely unexplored Xingu region in

central Brazil. Sponsored by a Brazilian

foundation, the trip was to start the proc-

ess of opening up the area with airstrips

and surveying parties, and to see what

could be done to adapt the Indians in

that area to the eventuality of civilization.

The forest tribes, as the author was to

learn by living and hunting with in-

dividual Indians for months on end, are

probably not adaptable. Despite the sym-

pathetic efforts of some Brazilians, the

Vilas Boas brothers in particular, it

seems to Cowell that it may be too late,

although worth the try. These dwellers

of forest and jungle have a complex re-

lationship with their environment that is

a result of thousands of years. Their

ways of speech and thought are scarcely

translatable to our own. The Indian could

not be "pacified" without losing his

identity, and in fact is already starting

to "despair and die." The observations

in this book are intelligent and sensitive,

partly because the author is without

pretension in what he reports.

Iceland Summer, by George Miksch
Sutton. Univ. of Oklahoma Press, $5.95

;

253 pp., illus.

The author is an eminent bird artist,

as well as ornithologist, whose draw-

ings are well reproduced in his new
book. His account of Iceland gives some

indication of the nature of that wild and

beautiful country, but it is chiefly a

journalistic record of his many bird dis-

coveries during the nesting season there.

Most of the drawings are of chicks—

a

snipe, skua, oystercatcher, purple sand

piper, golden plover, or puffin—whoi

nests Sutton found and which he drew ii

the natural state. The book is writtei

pleasantly, describing many of the haz

ards and delights of his task, and can bi

recommended to bird lovers who may b(

heading for Iceland, in body or in spirit

Wilderness, by Rutherford Piatt. Dodd
Mead and Company, $6.00; 310 pp., illus

THIS often romantic account of thi

American wilderness is well told am
will appeal to younger readers as wel

as adults. But it is as much tragedy as

romance, despite the author's genia:

style, for the wild, rich, untouched con

tinent is now a matter for .storytelling

rather than reality. Mr. Piatt, for his pur

poses, divides the wilderness into re-

gions: East Coast, green woods, norti

pine, far grass, tundra, sand and rock

monster mountain, and West Coast. The

book includes a chapter on geologic or-

igins and changes, gives the general nat-

ural history of each region, and tells

many brief but exciting stories of the

trials and glories met by wilderness dis-

coverers throughout hundreds of years.

The conquest is now almost complete.

As the author writes in a postscript: "I

find myself holding a few fragments of

a living wilderness that was the depth of

our being and the wealth of our land

—and these are slipping through my
fingers." Wilderness is illustrated with

evocative sketches by Frances Ellis.

The Forgotten Peninsula, by Joseph

Wood Krutch. William Sloane Associ-

ates, Inc., $5.00; 277 pp., illus.

BAJA (or Lower) California is one of

those areas that might be called un-

derdeveloped by the progressive and

aggressive modern world. For that rea-

son, this book will be enjoyed most by

those who, as the author, prefer their

nature left alone. With his customary

wit and philosophic concern about man's

depredations, Mr. Krutch examines this

partly abandoned country for its social

and natural history, and finds it well

worth the effort required to travel its

stony roads and dry, beautiful regions.

The author is an excellent guide, never

failing in enthusiasm, whether discuss-

ing that weird plant, the boogum-tree,

the California gray whale and sea ele-

phant, or the way the natives remain
contented in an "economy of scarcity."

Baja California is being encroached

upon here and there by a modern world
with the dubious benefits of airstrips

and large hotels, but it is Mr. Krutch's

hope that this unique area will stay at

least partly primitive.
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Rescuing the

Nile's Treasures
swan's threat to a major cultural heritage still continues

By Jacques Bordaz

}l'

NCIENT Egypt endured as a civili-

zation for three millennia, more

.... half the span of all recorded

^tory, and the brilliant achieve-

jnts of this culture during its most

ible and creative periods have con-

lued to inspire wonder in our own

nes, which seem by comparison so

eting. The primary factor in Egypt's

osperity — one to which this country

11 owes its very existence — is the

mual flood of the Nile, the river

lebrated in ancient hymns as "the

inger of food, rich in provisions,

eator of all good, lord of majesty,

reet of fragrance. . .

."

Starting in June each year, the

ver— fed by the waters of the Blue

le and the Atbara, which collect the

eavy rains of the Abyssinian high-

nds— almost triples its flow as it

.

Iters Egypt near Wadi Haifa. By
irly September, the flood rapidly

ecreases: two months later, the Nile

as almost reached its preflood level.

Small variations in the volume of

lile water have brought great disas-

;rs. Too little brings famine; too

luch, the destruction of canal banks

nd the inundation of villages. Today,

s in the past, the wealth of Egypt

lepends essentially on the country's

bility to control, retain, and use

le water of each annual flood.

Just at the turn of the century,

stablishment of an efficient, flow-

rrigation system (which depends on

arge dams built on the river to re-

Hstribute small quantities of water

;very few weeks throughout the year)

aermitted the Egyptians to produce

Bas-relief in Temple of Nefertari at

Abu Simbel shows Queen crowned and
blessed by goddesses Isis and Hathor.

two or three crops annually, instead

of the traditional single crop. The
largest of these new impounding dams
was the first Aswan Dam. built be-

tween 1898 and 1902. about six hun-

dred miles upstream from Cairo. The

height of the dam was increased be-

tween 1907 and 1912, almost tripling

the capacity of its vast storage lake.

Heightened again between 1929 and

1934, the dam had its capacity dou-

bled once more, attaining a storage

total of approximately five billion

cubic meters of water in a lake that,

when filled, reached two hundred

miles south to the Sudanese border.

Today, the first Aswan Dam has

fallen increasingly short of the needs

of the Egyptian population. A coun-

try of almost 400,000 square miles

in total area, Egypt contains only

about 13,500 square miles (or 3.5

per cent) of cultivable land on which

approximately 26 million persons

must live. Thus, it is one of the most

densely populated regions of the

world (almost 2,000 persons per

square mile) . This population in-

creases annually by half a million.

In 1952, in consequence, the Egyp-

tian government started to make
plans for a new dam at Aswan, the

so-called High Dam. The project calls

for a dam impounding 26 times more

water than the first dam and a power

plant producing six times more elec-

tricity than is now being used in all

of Egypt. The reservoir, which will

be by far the world's greatest man-

made lake (with a capacity of 130

billion cubic meters) will for the first

time make it possible to store large

quantities of water over periods of

several years in order to regularize

the annual variations of the Nile flood.

Vast irrigation and drainage projects

have been planned, which should

eventually increase the country's culti-

vated area by about one-third.

The preliminary construction for

the High Dam was begun in January,

1960, some four and a half miles

upstream from the first dam, with

the assistance of Soviet technicians,

equipment, and financing. The work
should be completed by 1968. The
present maximum water level, 121

meters above sea level, will start to

rise in 1964 and will reach 182

meters in 1975. While no one denies

that the economic benefits of the

High Dam will be immense, the

waters of the new reservoir threaten

to destroy what has been called by

one scholar "the greatest open air

museum in the world." To avoid—
or at least minimize — this destruc-

tion, a campaign has been launched

by UNESCO in the hope that inter-

national co-operation, inspired by the

respect of all men for their common
cultural heritage, will allow many of

the threatened sites to be saved.

THE waters of this new reservoir

will cover the entire length of the

province known to the ancient Egyp-

tians as "The Land of Wawat'— or

Lower Nubia — located between the

First Cataract, near Aswan, and the

Second Cataract, near Wadi Haifa

(map. pp. 12-13). They will also

flood part of "The Land of Kush"—
or L^pper Nubia— which extends far-

ther south into the Sudan. Wliat

monuments, precisely, will be inun-

dated? To appreciate the following

inventory of sites, one must first learn

something of Egyptian history.

From prehistoric times, the Nile

II



This "Young Curlew," taken from a sealskin

slencil, has something of the delicacy of an Oriental print.

RECENTLY, Hudson Bay artisans have produced both

stone carvings (Natural History, February, 1960)

and prints for the outside world. They have been trained

by a white man, James Houston, but they have brought

to these enterprises their own delight in creating, as well

as their skills and an intimate knowledge of animal life.

In print-making, two techniques are used: stone cut

and sealskin stencil. To make a stone cut, the artist chips

flat the face of a chunk of steatite, files it smooth, and

polishes the surface by rubbing it with seal oil. He then

carves the soft stone in low relief, in the manner of a wood-

cut; inks the surface; and transfers the image to fine

paper by gently rubbing it with either his fingers or a

small tampon. Finally, he peels the paper from the stone.

The other technique transfers the design to a piece of seal-

skin. This is cut out, the resultant stencil is placed on a

sheet of paper, and the ink is then brushed into the open-

ings. Only a limited number of prints is taken from each

of the original stone cuts or sealskin stencils.

Both the stone carvings and the prints closely resemble

Houston's own art work, but the prints, curiously enough,

share much with earlier native Eskimo art. I say "curi-

ously," for the techniques are ones learned by Houston

in Japan and taught to the artisans at Cape Dorset. But

in early times Eskimo artists worked on flat surfaces, as

when they etched figures on bow drills, and these new

prints resemble the earlier etchings. Traditionally, too,

Greenland Eskimo women cut out and intricately married

dark- and light-colored skins to decorate their clothing.

The Baffinlanders also made masks in this fashion.

The print-makers, like their forebears, depict not alone

what the eye sees but what all their senses know : they por-

tray mythical beings and dream experiences, an "X-ray"

technique revealing what is concealed from the eye.

Here, then, is a world of chaos and chance, a whirl of

cold and white. Man alone can give meaning to this—its

form does not come ready made. The Eskimos, through

art, transform this world into one of order and beauty.

Their work not only invites our wonder: it reminds us that

man makes his world livable by releasing its hidden forms.

A commonly observed phenomenon, rhythmically arranged, produces

this print, called "Sea Gulls on Arctic Ice."

12



Typical of stylized nature of some prints are these "Birds
from the Sea," rendered as decorative forms.
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The Dance of Tancho
THE DANCE OF THE CRANES, one of

the most spectacular performan-

ces in all the bird world, has long ex-

cited man's imagination. E. A. Arm-
strong says: "To primitive men the

cranes were something more than

symbolic of the returning spring; they

brought it. They were the surrogates

of the resurgent sun-god, bringing

warmth and fertility in their train."

Today, ritual crane dances survive

in many parts of the world, and the

Ainu have a circular dance in imita-

tion of the bird that figures so promi-

nently in .Tapanese mythology and art

—Tancho, the Japanese crane.

Grus japonensis, the Japanese or

Manchurian crane, was formerly

found as a breeding bird in Man-

churia, neighboring parts of Siberia

(Ussuri, Amur), and also throughout

much of Japan. Today, some of the

birds are still found on the Asiatic

mainland, but in Japan, after the Meiji

restoration in 1868 (when the Bud-

dhist taboo on the killing of animals

was lifted
)

, the birds were extermi-

nated throughout most of their range.

Only one small colony now remains,

confined to the vicinity of a vast marsh
in eastern Hokkaido. The birds are

now strictly protected, and under this

protection they have rebounded from
a low point of 20 birds in 1924 to

about 180 in December, 1960.

The cranes nest in the marsh alona

^l^t"



The rituals of courtship are observed

in the last colony of Japanese cranes

By G. Stuart Keith

Mil. Kkiui. now an u-.M»'iuti.- in 'I'm.
Amkkii AN Miskl.mV Department of
Oriiitliolo(!>, '" an Oxford L'nivcrhily
graduate in the rlaHbirn. He and liiw

wife, who made the photo^raphH that
appear here, are now in Afrira whi-n-
iIm-n ;„. -liMlvi,,:; l,„;,l -p.-<-

the lower reaches of ihc kushiio

River. This marsh is ahiiost impene-

trable; the mud and water are too

deep to wade through, and dense reeds

prevent access by boat. It was here

that the last remnants of the popula-

tion managed to hold out until they

were given official protection.

Outside the breeding season, prac-

tically the whole crane population

spends the fall and winter in the vi-

cinity of some small villages about

lueiil\ miles to the wcsl ol ih.- l\ij>liiio

marshes. Here they have become very

tame. Far from shooing them away,
the local farmers welcome them on
their lands, and several farmers even
scatter corn for the birds each day.

Although sporadic dancing can ap-

parently occur throughout the year—
as with many other cranes—this be-

comes intensified in January and con-

tinues until late March, at which time

the paired birds leave the wintering

J^roiiiid- iiiiil liciid li:i ii.-arb\ mulshes.
I have been using the word "danc-

ing" rather loosely to refer to the

action of leaping in the air and flaji-

ping the wings—an action that, in fad.

is performed in a number of different

behavioral situations. Perhaps the

best-known of these is when two birds

of a pair dance together. We may call

this courtship dancing, although it is

performed anew each sjiring bv birds

that may have been mated for many

^
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Temple of Isis and kiosk of Trajan, on island of Philae,

emerge from water of subsiding Nile. Picture, right, shows

how island appeared before elevation of first Aswan Dan
early in 1900's, doomed island to almost year-long floodin;

built to the north as a complement to

the major temple, was dedicated by

Ramses II to Hathor, the Goddess of

Love, as a "monument for the Great

King's wife, Nefertari, beloved of

Mat ... a house hewn into the pure

mountain of Nubia, of fine, white . . .

sandstone, as an eternal work."

Six giant statues of Ramses II and

Nefertari. each about 35 feet high

and accompanied by smaller ones

representing their children, seem to

walk out of this cliff temple through

six inscribed portals. Behind this

facade, the rock temple proper— ap-

proximately fifty feet wide — pene-

trates some eighty feet into the cliff

and includes the usual pillared hall,

vestibule, and sanctuary ornamented

with paintings, reliefs, and statues.

RAMSES IPs long reign (sixty-

seven years I was followed by

a period of steady decline in Egypt.

The former empire broke up, on

several occasions, into small indepen-

dent states. One of these, in Nubia,

was the Kingdom of Kush, with its

richest lands well to the south — in

the Napata region, near the Fourth

Cataract, and in the region of Meroe,

near the Sixth Cataract. The Kushite

kings eventually conquered most of

Egypt and ruled for a century (until

the Assyrian invasions) as kings of

the Twenty-fifth Dynasty (7.51-6.56

B.C.). However, very little has yet

been found in the areas to be flooded

that relates to this period ^— the one

of greatest Kushite power.

i6

After the Assyrian invasions, an-

cient Egypt lost its place as an inde-

pendent state forever. Invaded and

occupied bv the Persians twice be-

tween 525 and 332 B.C., Egypt, upon

the defeat of Darius, became part of

the empire of Alexander in 332 B.C.

After the great conqueror's death in

323 B.C. and the breakup of his em-

pire, the Macedonian general Ptolemy

declared himself King of Egypt.

In about 538 B.C., the King of

Kush had transferred his capital from

Napata to Meroe (Natural History,

May, 1961). Numerous sites from

the period that followed the transfer

have been discovered in the areas to

be flooded, mainly in Sudanese Nu-

bia. Very few of these have been

excavated. The frontier between Kush

and Egypt fluctuated between the

First and Second Cataract in the

Ptolemaic period (332-30 B.C.). Both

Ptolemaic and Meroitic monuments
exist in this area, which had become

relatively prosperous. In some cases,

such as those of the temples of Philae

and El-Dakka, both Ptolemaic and

Meroitic monarchs have successively

added to the same monuments.

After Egypt became part of the

Roman Empire, in 30 B.C., a raid by

Meroites on Aswan and Philae was

followed by the destruction of Napata

by the Romans and the construction

of a fort at Qasr Ibrim, which

marked the southern limit of Roman
Nubia. The Meroites never recovered

from this defeat. Under Roman rule.

Nubia enjoyed a prosperity that

lasted for almost two hundred year

Following the example of the Pe

sians and the Ptolemies, the Roma
emperors had themselves acknow

edged as the sons of the Egyptia.

gods, thereby taking places in th

Egyptian pantheon. Numerous tea

pies were built in Nubia during thi

period, notably some of the monu
ments on Philae. the temple of Tafi

and Dendur, and the large temple o

Kalabsha (erected on the site of ai

earlier. New Kingdom temple)

.

In A.D. 297, following repeate(

attacks by nomads of the Fasten

Desert called the Blemmyes, the Ro
mans evacuated Nubia. The Roman
first set up a group known as th«

Nobatae— presumably Berbers fron:

the Western Desert— in the area, tc

act as guardians of Upper Egypt

Rich cemeteries, probably belonging

to the Nobatae, have been found at

Qustul and Ballana in Lower Nubia

and numerous other sites from this

period probably await discovery.

These new guardians of the marches

and their supposed opponents, the

Blemmyes, finally combined forces

to raid into Egypt. They were at

last brought to check by the Romans
and forced to sign a treaty.

In this treaty, Blemmyes and Noba-
tae alike were accorded the right to

\isit the temples of Philae and bor-

row the statue of Isis for certain cere'

monies each year. Thus they became
the last to honor the ancient gods.

Christianity had become the state

religion of the Roman Empire after:



lie accession of Constantine in a.d.

J06, but it was not until a.u. 540

;hat Justinian, the Byzantine em-

peror, ordered the temples of Philae

destroyed, the priests imprisoned, and

[sis' statue hrought to Constantinople.

The king of the Nobatae became

riiriiitian at the same time and, allied

uiili the Romans, finally drove the

r.lnnmyes from the Nile Valley.

Once in power, the Christians

-h.iued an implacability in destroy-

lit^ the signs of the old religion that

seems to reflect the very persecutions

the\ themselves had suffered. Statues

if the ancient gods were smashed, or

defaced. Wherever possible, churches

and monasteries were installed in the

ancient temples. Inscriptions and re-

liefs were erased or covered with

plaster and the walls painted with

the images of the new religion. Time

has now indifferently mixed the sym-

bols of old and new. On the back

wall of the sanctuary of the temple

at El-Sebua'. for instance, under the

sacred boat of Khnum-Re — the sun-

god with a ram's head — Saint Peter,

holding a large key, seems to receive

from the left and right bunches of

flowers offered him by the builder of

the temple. Ramses II (photo, p. 19).

The Arab conquest of Nubia took

place in a.d. 641 but. save for the

payment of tribute to their new mas-

ters, the people of Nubia remained at

first practically independent. With

time, however, Arab pressure in-

creased. Moslem settlers moved in

from Lower Egypt and, in the thir-

teenth century. Christian Nubia fi-

nally yielded to Islam.

OLT of all this wealth of history,

what can be saved, and how?

The government of the United Arab

Republic was the first to engage in

archeological salvage in this area,

by establishing in 19.5.5 (with the

assistance of UNESCO) the Docu-

mentation and Study Center on the

History of Art and Civilization of

Ancient Egypt. Under its auspices.

Egyptian and foreign specialists have

already begun to record sites and

monuments, to photograph, draw and

make casts, and in some cases, to

*
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Two BIRDS posture at left at the beginning of their duet

display, under the eyes of non-participating birds at right.

Three birds in feeding flock, below, suddenly begin to call

and dance in an apparently unmotivated burst of action.



iiiiiis to be an almost involuntary re-

i( liiiM to a variety of stimuli—or to no

i|)|iarent stimulus at all. Robert Peter

\lliri. discussing similar perform-

iiii I s among sandhill cranes, suggests

luit the constant jumping and wing-

jl;i|)ping may be partly the result of a

lighly nervous and emotional condi-

liim brought about by the develop-

nenl of the gonads. This would not

iccount for dancing outside the breed-

ng season, but may well explain the

leightening of activity in the spring,

it which season the threshold of re-

I
iponse to the stimuli that release danc-

ng is unusually low.

"•

'

I
THERE are times when the drive is

i _|_ so strong that dancing will take

^ )lace without any releasing stimulus.

f Phis is a strong statement to make,
* lince one always has the uneasy feei-

ng that there i7iiglil be some stimulus

)f which one is not aware that releases

he behavior. But Lawrence Walkin-

haw gives a fascinating account of a

roung sandhill crane that he raised

rom a day-old chick. When it was

pnly five days old it started leaping

p and down and going through two

ther actions of the dance—bowing
md tossing objects into the air. This

jird had never seen another crane

(which shows, incidentally, that the

attern or form of the dancing is in-

ate). and I think this is an example

f what has been called "vacuum ac-

ivity," or activity that results when an

nner drive builds up to such a point

hat it juEt "goes off" in the absence of

releasing stimulus. Among people,

we call it "letting off steam." I think

at some of the solo dancers among
e Japanese cranes may just have

een "letting off steam," even though

it couhl be argued that there were al-

ways other cranes in sight that might
have released the dancing.

Aside from the dancing, Japanese

cranes have another fascinating type

of behavior, which I call the "duel dis-

play." At its onset, one bird starts

stalking stiffly around in front of an-

other, its neck held erect and its head

bent down until its beak is pointing at

its chest, like a horse on a very tight

rein. This serves to display the patch

of red on top of the head. The wings of

the displaying bird are just slightly

raised, as are those of the bird being

displayed to. The latter stands stiffly

at attention during this part of the

performance, and may take a few

steps. After a time, the first bird walks

up to the other, raises its wings higher

off its back, throws its head up until

its beak is pointing to the sky, and

starts calling. The other bird adopts a

similar posture, raises its wings and

calls, and the two may continue calling

thus for ten or fifteen seconds. They
make a very beautiful picture—two

majestic birds standing side by side

and calling their duet together. When
they finish their calling, the perform-

ance has been completed.

One of the principal problems in

studying all crane behavior is the ex-

treme difficulty in telling males from

females. There is no plumage differ-

ence and no appreciable size differ-

ence, and I could not tell which was
which. To add to the confusion. Jean

Delacour tells me that the female ini-

tiates displays more often than does

the male. However, he adds that when
his captive pair of Japanese cranes

performed the duet display, both birds

raised the wings slightly off the back

while calling, but that, in addition, the

male lowered and spread the pri-

maries, whereas the female kept them
folded into the rest of the wing. My
motion pictures of a duetling pair also

show this action, with only one of the

birds lowering the primaries, sprearl-

ing them in a way that is reminiscent

of a fan being opened. Apart from
this, about the only way of identifying

a male crane is by its more aggressive,

more "male-ish" behavior.

When the Japanese cranes come to-

gether in a flock, a good deal of ag-

gressive behavior takes place, and
there is obviously some kind of estab-

lished hierarchy among them. In one
observed case, the weakest bird, which

was lame in one foot, was pecked at bv

the others but never pecked back in

return. Young birds of the flock were

similarly bullied.

AGGRESSIVE display against a neigh-

. bor can be either of the "arched

over" or "arched under" type (shown

below). Both serve to display the red

patch on top of the head. If these pos-

tures fail to impress the threatened

bird, or if it fails to back away fast

enough, a short run and a lunge with

the beak, accompanied by a hiss like

that of a goose, follows. The run is

short because the adversary always

backs away in time; I never saw a

bird actually make contact, nor an op-

ponent stay to fight. Often a simple

threat posture is enough to send the

other bird running.

Many problems remain to be solved

concerning the behavior of the Japan-

ese crane. Study of the birds at the

nest should shed some light on these

problems, and if the birds expand

their range into areas where nests are

accessible, I hope to study them again.

Aggressive behavior, which aids in establishing some kind
of hierarchy in the flock, takes two forms: bird at center

postures in "arched under" pattern in threatening bird at

left; "arched over" position is shown in bird at far right.
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Rlins of Kim \i \. ;i Middle Kingdom fortress, slill guard
east bank of the narrow Nile well above the Second Cataract.

Si'iiiiiii, iiiiilchinf; fortress on opposite bank, coniplcii-d the

early Egyptians' defense against Nubian raiders upstream.



;:rarninetric techniques. This method

( (insists of drawing the object, relief,

iii^ciiption, or sculpture by means of

roiildur lines, established on the basis

nl stereo-pair photographs.

Tliis '"contour map" of the ob-

ject can then be used, if desired, to

reproduce the original by means of

a pantograph that cuts a block of

plaster along the contour lines.

The documentation work is pro-

gressing well and is nearly completed

for the temples of Abu Sinibel, Beit el-

Wali. El-Sebua'. El-Dakka. Ellesiya,

Gerf Husein and Dabod, as well as

the kiosk of Qertassi, the niches of

Gebel el-Shems, the temples of Aba-

huda, Kalabsha, 'Amada, and Tafa,

and the tomb of Penne at 'Aniba.

In Sudanese Nubia, most of the

recording is being done by the Di-

rectorate of Antiquities and by va-

rious foreign expeditions that have

obtained concessions there ( among

them a Franco-Argentinian and a

Scandinavian mission )

.

ONCE these monuments have been

fully recorded, the salvage cam-

paign calls for relocation of the most

important structures in a place of

safety wherever possible. Dismantling

and moving is relatively easy in the

case of stone temples, but monuments

hewn in rock represent a far greater

problem. Except for the temples of

Abii Simbel, only parts of these mon-

uments, including sculptures and in-

scriptions, will be cut out and re-

moved. Monuments of mud-brick,

especially numerous in Sudan, cannot

be moved and will be lost.

The relocation program calls for

the transfer of 23 structures or parts

of structures by the end of the sum-

mer of 1964. The cost of these oper-

ations will amount to approximately

$9 million in Egypt and nearly $1

milHon in Sudan. Of the five Egyp-

tian monuments offered in return for

assistance in the campaign, two—the

temples of Dabod and Tafa—have

already been dismantled and stored.

A number of structures will eventual-

ly be installed in several man-made
oases to be created nearby in the desert.

The most important and probably

best-preserved of the structures to

be relocated is the temple of Kalab-

sha ( built during the Ptolemaic and

Mighty ramparts mark site of Buhen,
early fort below the Second Cataract.

Roman periods over the remains of a

New Kingdom temple). Carefully re-

paired before the first heightening

of the old Aswan Dam, the temple of

Kalabsha is covered by reservoir

water for a large part of each year,

but is accessible for a short period

in summer when the dam sluices are

open. Kalabsha had already been

completely recorded by Egyptian and

foreign experts of the Documentation

Center and partially removed with

assistance from the government of

West Germany. Offers of help in

removing other monuments of Egyp-

tian Nubia have been made by Bel-

gium, France, the Netherlands, Po-

land, and the U.S. In Sudan, field

surveys indicate the possibility of re-

moving at least four stone temples

and rock tombs at Buhen, Kumma
(Semna East) ,Semna West, andAksha.

Philae and Abii Simbel, the largest

and most beautiful of all the Nubian

sites, will require the salvage cam-

paign's major efforts. The nature of

these monuments, their importance,

and the beauty of their natural setting

make them worthy of the extraor-

dinary measures that must be taken.

The island of Philae, located about

a mile south of the first Aswan Dam,

is now under water except for periods

of between 6 to 10 weeks during the

summer. Its stone monuments were

repaired by the Egyptian Department

of Antiquities at the beginning of

this century (photographs, pp. 16-17)

and they have so far resisted the ac-

tion of the water relatively well. But

the future operation of the hydroelec-

tric ])lant will cause daily variations

of about 26 feet in water level —
enough to erode the island and ra-

pidly destroy the structures.

After a study made by experts of

the government of the Netherlands, it

has been decided that the monuments

of Philae should be preserved in situ

by enclosing the island with a series

of counterdams. Work on these coun-

terdams cannot start before the com-

pletion of the High Dam in 1968. The

cost of the complete operation has

been estimated at some $6 milHon.

The Kennedy administration has

recommended to Congress that this

sum be appropriated when the pro-

gress of work requires it. There is,

therefore, a fair possibility that, after

half a century of submergence and

emergence, Philae will reappear per-

manently, set in a lake all its own.

After a few years, with new-planted

trees reflected in the water near the

island's elegant kiosk and temples,

Philae should become again the in-

comparable "Pearl of Egypt."

WHEN the salvage of the rock tem-

ples of Abu Simbel was first

considered, in 1960, a French plan

involved the construction of a vast

dam that would enclose the two tem-

ples, together "with their immediate

setting, in front of a small lake. The

construction of this dam was expected

to take about seven years, cost ap-

proximately ninety million dollars,

and involve more than a third of a

million in annual maintenance costs

to keep the site pumped dry.



Professor Bordaz. of New York
University's graduate department of

Sociology and Anthropology, worked
closely with unesco in preparing
this study of salvage work in Nubia.

Later that year. Professor Pietro

Gazzola, an Italian architect and ar-

cheologist, suggested an even more

spectacular plan. This consisted in

cutting free and then lifting the entire

monument by hydraulic jacks to a

point above the level of the future

reservoir. The temples would first

have to be relieved of the massive

overburden of stone that lies above

them. This done, the total weight of

the major temple would be some

250,000 to 300.000 tons.

Cuts would then be made at the

sides and back to free the temple

from the cliff, and cellular walls of

reinforced concrete built in place of

the removed stone. At the same time,

parallel galleries would be driven

from a frontal cut straight into the

rock under the floor of the temple,

some thirty feet below the present

ground level. Starting from these gal-

leries, a supporting platform and a

series of parallel walls of reinforced

concrete would be built under the

temple. The interior of the temple

would be carefully shored up and,

finally, a cellular concrete cap and

frontal wall would be built to com-

plete the supporting framework.

THESE preparations would take

about three years. Thereafter,

308 large jacks, each with a capacity

of 1,500 tons, would be inserted

and fastened upside down to the sup-

porting platfonn. with their heads

resting against the tops of the paral-

lel walls. All jacks would be con-

trolled in such a way that they could

only operate absolutely simultaneous-

ly and at the same rate. Each down-

ward thrust would not exceed a

twelfth of an inch and the total ex-

tension of the jacks would be a frac-

tion less than a foot. When this one-

foot lift is achieved, concrete blocks

would be inserted between the jacks,

and the jacks would crank closed.

Then other blocks would be placed

under their heads and another lift up-

ward would begin. The total lift

—

1 95 feet above the temple's present

level—is calculated to require two

years of jacking and filling.

Once the temple reaches its final

ele\ation. the supporting walls would

be reinforced, a new landing built

up in front, and the face of the con-

crete framework removed. A repro-

duction of part of the original cliff,

built of local sandstone slabs, would

then be set around the temple. An
exactly identical process, on a slight-

ly smaller scale, would be used to

rescue the lesser temple.

Two groups of engineers succes-

sively examined the merits of these

plans, and decided unanimously that

the Italian project should be adopted.

Both the French and the Italian

schemes were considered to be techni-

cally feasible, but the latter appeared

relatively simpler and safer. It seemed

to the experts that water infiltration

b\ capillary action—already observ-

able at the base of the smaller temple —
would be greatly increased by the in-

creased pressure of water inevitable

in the case of the dam scheme, and

might in itself ultimately destroy both

temples. It was also estimated that the

Italian plan would cost some $20 mil-

lion less than the French plan and

would eliminate costly pumping.

Elevating the temples of Abu Sim-

bel. preserving Philae in situ, and

dismantling and relocating twenty-

three other monuments will cost $70

million, $6 million, and $10 million

respectively. UNESCO has directed

most of its fund-raising efforts to-

ward meeting the cost of these large

operations (a total of $86 million).

By last September, the international

contributions already pledged included

$20 milHon by the U.A.R..'$1.2 million

by West Germany (to transfer the Kal-

absha temple
) , and U.S. contributions

of $2.5 million (for the relocation of

monuments I and $6 million, subject to

congressional approval, to preserve

Philae. Other contributions — totaling

$100,000 — have been made by Argen-

tina. Belgium. Cambodia. Denmark,
Indonesia, and Pakistan.

All these pledges, of course, are less

than a third of the amount of money
necessary to preserve the most im-

portant monuments of Nubia. In view

of the large amount of money still

needed and. especially, the short time

that remains, the International Action

Committee recommended last June

that UNESCO should appeal directly

to each of its 100 member states to

make donations to the project propor-

tionate to their current annual con-

tributions to the UNESCO budget.

The financing of the final part of the

basic Nubian archeological salvacre

campaign—surveys and excavatiom

—has been left by UNESCO entirely]

to the participating expeditions. Sev

eral extensive surveys were made be-

tween Aswan and Adindan in 190

1912 and again in 1929-1934 in pre-|

paration for the successive heighten

ings of the first Aswan Dam. A con

siderable number of historic sites

were surveyed and excavated in the

area below the maximum water level

of the present reservoir ( 121 ineters

above sea level). The new surveys

for historic sites in Egyptian Nubia

will therefore be concentrated in the

areas between the 121 meter level

and the 182 meter level that will mark
the future maximum height.

ONLY a single survey devoted to

prehistoric sites was made in the

area of Nubia between Aswan and

Semna—in 1927-1928. This survey,

which was also concerned with the

geology of the area, indicates the

presence in the areas now to be

flooded of a rich series of Paleolithic

tools, as well as many prehistoric

rock paintings. Much less work has

been done both in the prehistoric and

historic periods in Sudanese Nubia,

but recent surveys by the Sudan De-

partment of Antiquities indicate the

presence of hundreds of sites there

that will vanish under the water.

The facilities offered to foreign

expeditions by both the U.A.R. and

the Republic of Sudan have encour-

aged a large number of foreign gov-

ernments, individual museums, re-

search institutes, and universities to

send expeditions to Nubia. A consid-

erable ainount of work had been done

by August, 1961 (see table, pp. 12-13)

but much work remains. In view

of the pressing needs for funds to

cover this work, it is gratifying that

the U.S. Congress, last September,

appropriated the sum of $1.5 railhon

for grants to help support various

private American expeditions.

But as regards the major emergen-

cy—the saving of the temples of Abii

Simbel—the early months of 1962

will see time run out. In the present

period of international stress, success

or failure of the UNESCO campaign
will offer a fair measure of all man-
kind's interest in a common heritage.

Temple of Thoth at El-Dakka, which
will be moved to another location, is

now flooded during part of every year.
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Wintry Art

in Snow
Natural variations on a hexagonal theme

By John A. Day

BACH AND Mozart occupy honored

places in the world of music for.

among other attributes, their superb

ability to take a simple theme and

weave about it an intricate melodic

web. As one listens to a Bach fugue

or a Mozart sonata there is no doubt-

ing the touch of the master's hand.

Nature, too, is an artist not to be

outdone at masterful improvisations

on a simple theme. In the course of

so doing, to take one example among
many, nature creates one of the most

beautiful objects—the snowflake.

What is a snowflake? The Japanese

physicist Professor Ukichiru Nakaya
summarizes the observational history

in the introduction to his remarkable

work Snoiv Crystals. As Nakaya re-

lates, the earliest recorded sketches

of snowflakes were made in 1550 by

Olaus Magnus, Archbishop of Uppsala.

Sweden, and nearly a century later

by the French philosopher-scientist

Descartes. These sketches antedated

the microscope, or "Dutch glass" as it

was first called, and were made by the

unaided eye. After the invention of the

microscope in the late 1600's. there

was a rapid advance in knowledge of

the structure of snowflakes. Most of

the earliest observations seem to have

been devoted to he.xagonal-shaped

plane crystals. Later volumes included

sketches of additional forms. The de-

velopment of photography provided

the next giant advance. Bentley took

some 6.000 snowflake pictures in his

lifetime, half of which are in his fa-

mous 1931 atlas. Nakaya s own classic

work, carried on between 1932 and

1944. represents the most recent major

atlas of snowflakes.

The work of various observers, over

four centuries, has documented the

presence of many forms of snow crys-

tals. They fall into six major classi-

fications: plates; stellar crystals;

columns; needles; spatial dendrites;

and capped columns. Within these ma-
jor classes, in turn, are subclasses.

In terms of this class analysis the

snowflake generally beloved by winter

observers is a single, large spatial

dendrite or an aggregate of smaller

dendrites that have collided and joined

in the process of their formation. But
what are the fundamental ingredients

of which these "symphonic" works are

made? The basic ingredients are two
different atoms. One is the simplest

atom of all, hydrogen—the basic fuel

of the universe. There is now little free

hydrogen in the earth's atmosphere;

that which was originally present

probably escaped long ago because of

its lightness. Oxygen is the second.

Even though, today, some 21 per cent

of the earth's atmosphere is composed
of oxygen, this element did not exist

initially as an atmospheric gas. In the

earth's early history, all oxygen atoms

were locked in chemical compounds.

Eventually, with the onset of plant life,

this locked-up oxygen was released to

the atmosphere, and over the aeons,

the present percentage was established.

THE union of two hydrogen atoms

and one oxygen atom produces

that remarkable molecule called water.

But why two hydrogen atoms? Why
not three, or one? The normal hydro-

gen atom consists of two subatomic

particles—a relatively massive proton

I with positive charge I and an electron

I with negative charge I . The proton is

nearlv 2.000 times as massive as the

electron and serves as the atom's cen-

tral nucleus. The far lighter electron
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oxygen atom to form water molecule,

mutual nuclear repulsion of hydrogen

atoms separates them by about 105 '\

t1

Hydrogen atom

Oxygen atom

moves rapidly about this nucleus in a

manner that defies observation and

other than mathematical description.

THE nucleus of the oxygen atom, by

contrast, is about sixteen times as

massive as that of hydrogen, and the

oxygen atom's positive charge is ex-

actly eight times as large. The reason

for "about" in the one case and "ex-

actly" in the other stems from the

composition of the oxygen nucleus. In

normal oxygen, this nucleus contains

not only eight protons, but also eight

neutrons, bound in extremely close

proximity. Some isotopes of oxygen,

however, contain nine and ten neu-

trons. Hydrogen, similarly, has iso-

topes—deuterium and tritium — with

nuclei that contain one and two neu-

trons respectively. The oxygen atom's

structure includes eight matching neg-

ative charges: two electrons in an

orbit quite close to the nucleus and

six other electrons in an "outer shell."

This total of eight negative electrons

balances the electrical charge of the

atom's eight positive protons. The neu-

26

trons. as their name implies, are elec-

trically neutral particles.

A quarter of a century ago, the Aus-

trian-born physicist Wolfgang Pauli

set forth the important principle that

various electron "orbits," or "shells,"

become "filled" when they contain cer-

tain specific numbers of electrons. The

numbers of electrons that fill shells of

progressively greater diameter are 2,

8, 18, and 32. An atom is "satisfied"

when it has just enough electrons to

fill a shell. This is important, for in

nature stable arrangements are always

preferred — and a natural sequence

usually produces stability.

Oxygen's second shell contains six

electrons: therefore, there is room for

two more. Hydrogen's first shell con-

tains but one electron. Thus it has

room for one more. The consequence:

one oxygen and two hydrogen atoms

are "naturals" to join together and

share electrons in a molecular union.

By joining in this manner, the atoms

produce a unique molecule.

Why unique? First, the strength of

rejjulsion of the two hydrogen nuclei

for each other results in their taking

positions that are radially separated

by some 105° about the oxygen atom.

Second, the fact of sharing electrons,

to which the chemist refers as covalent

bonding, means that each hydrogen

atom's electron no longer spends as

much time on one side of its nucleus

as on the other. Instead, these nega-

tive charges now spend more time in

positions between the hydrogen and
oxygen nuclei. Consequently, the mole-

cule's charge distribution becomes
asymmetrical, and the result is re-

ferred to as a "polar" molecule. There-

fore, the two exposed nuclear (posi-

tive I charges of the water molecule

become seekers for any other atom (or

molecule) with an available negative

electron. This results in the establish-

ment of the hydrogen bond—an ex-

tremely important chemical bond.

THE hydrogen bond is an extremely

strong one, although not as strong

as the covalent bond that links two I

hydrogen atoms to an oxygen atom i

in the water molecule. Indeed, the



trength of this hydrogen bond gives

ise to one of the unique features of

vater: it is the only substance that is

ommonly present in all three states-

is a solid, as a liquid, and as a gas—

n the range of temperatures and pres-

ures found at the earth's surface.

Various other atmospheric gases can

ye liquefied or solidified, but only in

I laboratory. The solid components of

;he earth's crust can be liquefied or

;ven turned to gas, but only with

jxtreme temperature or pressure.

Not so with H2O: ice. water, and

water vapor are commonly present at

Drdinary temperatures and pressures.

To show how much of an anomaly

exists in the case of water, compare

its boiling and freezing temperatures

with those of the chemically most simi-

lar hydrogen compound, consisting of

two hydrogen atoms and one other ele-

ment bonded together. Hydrogen sul-

fide (HoS) , with a molecular weight of

34.08, has freezing and boiling points

near -83°C. and -62°C. Water, with

a molecular weight about half that—

18.02 — has a freezing temperature

Unusually high freezing and boiling

temperatures of water are compared

to those of other chemically similar

hydrogen compounds. This anomaly is

attributable to strength of hydrogen

bonds between the molecules of water.
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Two tetrahedrons

joined at base

»l

h

that is 83 C. degrees higher and|

boiling temperature that is 162 C.

grees higher. This anomaly, account I

for by considering the relatively greft^in

er thermal energy required to bre|

the hydrogen bonds joining wall

molecules, may be said to be the che:

ical foundation of life on our plan

IN the liquid state, the thermal en(

gies of water molecules are gre

enough so that the hydrogen bonds 1

tween molecules are being broken co

tinuously as they are formed. Wh
water flows, the molecules are visui

ized as rolling over each other. Wh
thermal energies drop below the lev

necessary to break these bonds, ice

produced. The bonds that form and >

not break then orient the water moi

cules in certain directions with respe
|aiii

to each other. The closeness of tl
jfe

molecules is dictated by the streng

of each hydrogen bond, as balanci
ji;

by the repulsive force of the electrc jji

"clouds" of adjacent molecules.

After this atomic excursion, one

better prepared to consider the snov fe

flake. At this point, the already note

105° radial separation of the hydn „

gen atoms attached to the oxygen atoi

becomes a factor of great significanc(|

Because of this separation, the wat

molecules that make up the snowflake'j

ice lattice take their places at the vei

texes of a four-sided geometrical fif

are called a tetrahedron. The 105

radial separation between pairs o

bonding directions occurs here, toe

The consequence of this separatio) [oi

is that there is considerable open spac ^

in any ice crystal lattice. The opei k

space between water molecules i

greater when they are locked up h

the ice lattice than when the sami

molecules are at higher temperatun

and in the liquid state. This makes icil

float. Without this anomalous condi!

tion life as known on this planet cerjl

tainly could not have developed. I

is held generally in biology that th(|

earth's first reproducing molecules

originated in the warm, saline seai|

of many millions of years ago. Yet

over long periods of geological his'

tory, temperatures in the earth's polai

regions have dropped below freezin

Had water the characteristics of most

substances—which shrink as freezina

Six tetrahedrons

form hexagon

Six tetrahedrons form hexagon (lower

left), basic ice pattern. Tetrahedron
has four water molecules at vertexes

and one at center, shown only at top.



urs—the solid form of water would

'e settled to the bottoms of the polar

5. There, insulated from solar heat,

submerged ice would have accumu-

;d, spreading its chill to the rest of

oceans. Such a situation could not

have inhibited the development of

rine life forms.

\s it is, the expansion that water

Jergoes as it freezes—and the addi-

nal fact that it is heaviest at 4°C.—

ans that all ice lies atop ocean, lake,

stream, protecting the life forms

t swim in the environment below

m the rigors of winter clime.

An easy way to visualize the open

ucture of ice is to make six tetra-

Jrons, using toothpicks and glue,

;n arrange them together. The re-

ting figure is a hexagon. It is now

atively easy to see that additional

)lecules deposited on this basic crys-

form would produce additional

xagonal patterns inscribed within

xagons. It also becomes possible

visualize different planes fixed by

3 locations of groups of molecules,

lese planes make up various geo-

^trical figures, and these figures, in

rn, are the forms that are assumed

growing ice crystals.

Hexagonal plate

Hexagonal column

Prismatic column

HOW do these theoretical consid-

erations relate to the types of

crystals actually formed in nature?

)mparing theoretical and actual sit-

itions, one concludes that the factor

termining the type of crystal must

; the same factor that determines the

owth rate from a particular crystal

ce. If a crystal grows primarily in

e direction of the basal face it will

;come a hexagonal column; if it

ows toward the prism face it will

;come a plate; and so on. What, then,

luses the difference in growth rate?

his question is a present concern of

cud physics research. In his book,

he Physics of Clouds, B. J. Mason,

le well-known English cloud physi-

st, discusses at some length the fac-

)rs that control the growth form of

n ice crystal. He suggests that the per-

nent factors are: internal structure

f the crystal, its surface structure, its

lodification by impurities, environ-

lental conditions of temperature and

upersaturation, and fall motion of the

rystal through the atmosphere.

^ ,ii'm

Iexagonal motif recurs in the plane,

olumnar, and prismatic ice crystals

lupper right) and in basic shapes of

nowflakes, some of which are shown.



Dr. Day, who is now an associate

professor in the physics department
at Linfield College. McMinnville,
Ore., was formerly a meteorologist

with Pan American World Airways.

One result of laboratory experi-

ments is to show that the type of crys-

tal produced depends on temperature

(once a minimum level of supersatura-

tion is attained I and that there is an

alternation of crystal habit:

simple clear plates

prisms

hexagonal plates

prisms

0°C. to -4°C.
- 5°C. to-9°C.

-10°C. to -2.5°C.

-2.5°C. to -40°C.

This corresponds rather well to the

varieties of crystal occurring in differ-

ent cloud types (shown in the illustra-

tion that appears at right)

.

When using the term "snowflake"

one usually thinks of the richly

branched, flat crystal known as a den-

drite. How does this form? Starting

with a falling hexagonal plate, with its

maximum cross section perpendicular

to the fall direction, water vapor mole-

cules of the environment will arrive

preferentially at the corners of the

plate. After the crystal reaches a mini-

mum dimension of about 100 microns

the corners will start to sprout and

grow while the vapor supply lasts. This

type of crystal will develop best in a

supersaturated atmosphere, such as is

found in a supercooled water cloud.

IT is often said that no two snow-

flakes are identical. Is this a valid

statement? An appropriate reply may

be suggested through analogy. Are two

human beings identical? The answer

is categorically and confidently. No.

Biologically the closest approximation

to identity would be the identical twin.

Yet. even in this case, the possibility of

variation exists in the way the individ-

ual reacts to his environment. Thus:

close similarity—yes; identity—no.

The snowflake is an inanimate ob-

ject immersed in a changing, non-

repeating environment. Therefore, it

may be said with confidence that al-

though many snowflakes closely re-

semble each other, it is reasonable

that no two will be identical: each

will be a distinct but fleeting entity, a

variation on a basic hexagonal theme.

Predominant crystal forms in various

subfreezing clouds relate well to the

artificial ones made in laboratory at

approximately equivalent temperatures.
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MAMMAL ABUNDANCE
Extinction or overexpansion of species can be controlled by man

By E. Laurence Palmer

Among the many difficulties confronting man to-

/•\^ day is a serious and somewhat paradoxical problem

that mi^t best be summed up under the general term

"manmial abundance," which is concerned with two di-

verging tendencies. First, certain mammals multiply to a

possibly disastrous extent; second, certain other mammals
disappear entirely from the face of the earth. Mammal
abundance, or lack of abundance, has become a critical

subject—a problem for which a solution must be found

if man and hjs fellow mammals are to continue into the

distant future in a relationship remotely approximating

that existing today. All of us, if we so desire, may make
some sort of contribution to the solution of the mammal
population problem; but to do so intelligently, we must

first recognize its nature and its challenge and follow

recognition with the adoption of sensible mammal prac-

tices throughout the world.

This article was originally planned to deal solely with

those mammals in immediate danger of extermination,

and to provide some ideas for discussion topics at meet-

ings of the International Union for the Conservation of

Nature and Natural Resources. This session was sched-

uled to be held in Africa during 1963. However, the social

and political convulsions currently besetting the great

African continent have made cancellation of the meetings

necessary, and it is to be feared that by 1963 at least

some mammals of great scientific and aesthetic interest

may no longer be found in their free and wild state.

But the mammalian problem does not lie solely in the

extinction of current species. Paradoxically, in the ab-

sence of atomic warfare or some other catastrophe, an
equally grave difficulty is presented in the need for rea-

sonable limitation of mammal numbers. Here we will

present a sketch of the problems associated with mammal
scarcity, overabundance, and normal balance, consider-

ing both man and his domestic mammals, and not limiting

ourselves to free wild mammals or to those of any par-

ticular geographic area.



)VER the centuries man has associated himself with

the "lesser" mammals. The domesticated zebu,

ie well-known example, is a creature that has in certain

|rts of the world been the servant of man since perhaps

|iOO B.C. Saddled, a zebu can carry a man for some

teen hours at the rate of six miles per hour and can

;ul a carriage thirty miles in a single day. As a draft

limal, its movements can be controlled even by a child;

furnishes milk and meat, and is adaptable to regions

drought and sparse vegetation.

Zebus were introduced into the United States in 1853,

id again in 1906. At about this latter time, they were

ied in evolving certain desirable qualities in our own

'estem ranch cattle. One zebu bull, over the course of

^fs lifetime, sired no fewer than 150 other zebu bulls,

I hich were the basis for the establishment of the Santa

Jlertrudis breed of cattle, officially recognized in 1940.

j'his line of stock now produces bulls that weigh as much

|i 1,800 pounds, and cows that weigh up to 1,200 pounds.

|i four-year-old steer of the breed may weigh as much

1 ,400 pounds. The mammals are mild-tempered, gain

'eight on grass alone, can travel long distances with but

ttle water, and are resistant to ticks and the Texas fever

iiat is associated with these insects. The ability of the

ireed to thrive on land that will not support other do-

nestic cattle has meant, in some parts of the world, meat

or men who might otherwise have been without it. In

his respect, the advent of the Santa Gertrudis breed has

mpinged somewhat on the field of sociology, since hun-

^ people are also, not infrequently, dangerous people.

Americans like to feel that they can be of assistance

.0 other peoples of the world. The United States record

)f agricultural production—and especially the improve-

nent per acre on farm lands that have been under culti-

kfation for a long time—has not, we think, been matched

3r even approached by any other nation possessing lands

ot equal or higher potentials. Our discovery and under-

standing of the process of artificial insemination has made

it possible for a single bull of demonstrated superior

qualities to fertilize 200 cows at a single service, and to

father 6,000 calves a year rather than the normal 30.

Such calves reach a marketable condition more quickly,

at less expense, and bring a higher market price than do

those not subjected to mammal management.

We know how to produce more domestic mammals
more quickly and economically than ever before. If we

can spread this knowledge into the parts of the world

that still face periodic starvation and resulting tragedy,

there may well be no need whatsover for destroying

jungles for grazing lands—jungles that support the rela-

tively few remaining gorillas, or the lands that are now
habitats for the Hon, zebra, giraffe, rhinoceros, and other

great mammals. Unless the human mammal can demon-

strate in Africa and Asia—and, for that matter, in North

America—that he can make the maximum use of lands

already in cultivation, it will be difficult for him to ex-

plain to future generations why it was necessary to

despoil other land areas that had for untold years been

the habitat of great herds of wild mammals. In the

United States, we have demonstrated that we can, if we
have the will, save representative groups. We have done

it with pronghorns, deer, and smaller mammals. It has

been accomplished through wise legislation at federal and

state levels that resulted in the establishment of a system

of parks, refuges, and other nationally owned and pro-

tected properties, together with sensible hunting laws.

In some other parts of the United States it has also

been shown that an abundance of wildlife can be com-

patible with a large domestic mammal population. The
writer lived the first part of his life in the great agricul-

tural state of New York without ever having glimpsed

a deer in the wild. In recent years he has seen the deer

population on his own lands build up—somewhat to the

detriment of plants he wished to grow—and then be

reduced to a normal herd through wise supervision and

the harvest of surplus mammals that would otherwise

pose a threat to orchards, gardens, and forests, as well

as to ground cover needed for the herd's own existence.

OUR agricultural colleges have increased the pro-

ductivity of our lands so greatly that we can better

face the prospect of exploding mammal populations,

both wild and domestic, and even that of man himself.

A California farmer is reported to have said that there

was no need for him to learn more about making his farm

increasingly productive because: "I got more knowin'

now than I does, and until the doin' I does catches up

with the knowin' I has, I can't see no reason for know,in'

no more." Obviously, the farmer was only partly right.

It seems apparent that if we use wdsdom in the manage-

ment of our lands and of the plants and animals that live

upon them, Americans might never have to face some

Duck-billed platypus
Virginia opossum



of the economic upheavals that have so frighteningly

afHicted other parts of the world.

It is interesting to survey a few of the uses to which
man puts other mammals, both domesticated and wild,

aside from their obvious use as food. Mammals have

long been, and probably will long continue to be, used

as reliable draft animals for special purposes, such as

the exploration of very rough terrain. They are workers

that do not depend upon the gasoline pump, but instead

can largely live off the land. Traditionally they are pressed

into service as replacements for the gasoline engine dur-

ing times of war or natural disaster. Some of the basic

materials of industry are derived from mammals, includ-

ing the leather of our shoes or the casein that is widely

used in plastics and other materials. Orchestras will, so

far as we can guess, continue to scrape on the intestines

of mammals to produce sounds. These are only a very

few of the more obvious uses.

Mammals will certainly continue to be utilized in

multiple ways in the science of heahng. In addition,

certain mammals are constitutionally so similar to man
himself that much knowledge can be acquired from
studying them. Living "lower" mammals will certainly

be employed in place of man in some of our explorations

of space. The psychological and behavioral studies of

other mammals give man an insight into his own nature

Many people find difficulty in understanding the con

centrated efforts of scientists, conservationists, and other

to preserve at least a representation of our threatenec

mammal species. They do not realize how much is stil

to be learned about every mammal, and forget that onct

a species is extinct most of the opportunity for learning

has vanished with it. As an example, the blood of some

lemurs has a peculiar coagulative property that mighi

well be useful in cases involving the treatment of human
blood; we could hardly afford not to explore such a pos-

sibihty. But aside from studies directly affecting man's

health and well-being, there are those basic researches

that help to explain the world around us—as it was, is,

and might be. Such studies will not necessarily make the

world a better place in which to Hve, but it is certain

they will make it a wiser place.

IN evaluating the position of threatened species, a wider

understanding of the use of other mammals in rela-

tion to humans is necessary, notably on the African

continent. For instance, it is very likely that one of the

factors that will hasten the extermination of the rhinoc-

eros is the belief, held by some Africans, that rhinoceros

"horns" have a high aphrodisiac value. This conviction

Man Eastern cottontail



s so firmly established that powdered rhinoceros horns

currently sell for prices extraordinarily high for the econ-

)my. However, it would be difficult, and perhaps unwise,

or sophisticated societies to attempt to change basic

;onvic'tions of newly emerging civilizations, no matter

low contrary to their beliefs contemporary medical evi-

ience might be.

The relations between man and many mammals are

Tiutually beneficial. Dogs, to use the most obvious ex-

iumple, have been man's hunting assistant since time im-

memorial. They have helped their masters by protection,

guidance, and companionship, and have become indis-

pensable in many areas of occupation. Man, in turn, has

provided dogs with shelter, food, and admiration. There

,,ls little danger of the dog becoming extinct.

It is just as likely that the horse will survive the mech-

anizations of the human mammal, if for no other reason

than to provide recreation and a chance to lose the local

medium of exchange. In New Zealand, where valuable

.agricultural lands are severely Umited by the sea and

;
mountains, farmers have resented the use of prime agri-

I

cultural land for the support of race horses. So strong,

I

however, is the national interest in "the races" that farmer

protests are futile—apparently many New Zealanders

prefer betting to eating!

In discussing mammals not so closely associated with

man, it is helpful to know the principles that determine

mammal scarcity or abundance. Only then will we be in

a position to exert some influence on populations. Some
I factors are little understood, and some may be wholly

beyond our ability to control; few will be found to apply

equally to all mammals.
One of the basic factors influencing mammal abun-

dance is that of food, the demands for which vary greatly

from species to species. The problems of mammals with

specific food requirements will quite obviously be differ-

ent from those faced by mammals capable of changing

their diets. A duck-billed platypus, which has a daily

food requirement of at least one-half its own weight in

invertebrates such as crayfish, would quickly starve in an

area that would amply support a gray whale. Not only

must the food be suitable to needs of a particular mam-
mal, but it must also be abundant when needed.

Dr. E. Laurence Palmer, for many years director of
Nature Magazine's educational program, continues his

special inserts in the pages of the combined magazines.

MANY mammals travel great distances in the course

of a year in following their food supplies, or in

obtaining new ones. Seals, for example, follow their

supply of fish; when the American bison was in its free

and wild condition, it moved north or south over the

Great Plains according to grazing conditions. Some mam-
mals meet the seasonal variation in food supply simply

by suspending their eating programs and going into hiber-

nation. Others, like the wolf, gorge themselves with food

when it is available, and go without when it is not. The

human has ehminated mammal species in various parts

of the world solely by destroying their food sources.

Fire is of great importance in regulating mammal pop-

ulations. A large forest fire, for example, may eliminate

the breeding stock of many different sorts of mammals
over a considerable area. Ordinarily, the only avenues

of escape open to most mammals during a forest fire are

accidental ones; a fleeing mammal may tumble into a

pond or lake, or find an unused burrow. However, even

such accidental havens may be only temporary; the fire

will probably have destroyed the mammal's normal food

supply in any case, and the creature then will face the

prospect of starvation.

Mammalian survival also depends upon a suitable

supply of water. Waterholes the world over are the gath-

ering places for mammal populations. Mammals that are

able to dig into the earth for their water frequently sur-

vive conditions that would be fatal to others. Some desert

animals, like kangaroo rats, are able to derive enough

water from their food to satisfy their needs. The engineer-

ing skills employed both by man and by other mammals
in securing water supplies are noteworthy. Man himself

has been experimenting with methods by which he can

derive fresh water from the seas, with an eye to almost

inescapable future shortages.

Many mammals are quite specific in their temperature

tolerances, and extremes of temperature have a consid-

erable effect on the local abundance of the mammal pop-

Nine-banded armadillo
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Aardvark

Hyrax

ulation. Only man has developed artificial means for

living comfortably in areas that were formerly proscribed

to him. The development of central heating and the air

conditioner, however, means that man will occupy new
territory, to the possible detriment of mammals that are

better equipped by nature to survive hostile conditions

of extreme temperatures.

Floods, also, greatly influence the abundance or scarc-

ity of mammals. Most vulnerable to flooding are, per-

haps, those mammals that live underground; great popu-

lations of these latter are regularly drowned during times

of high waters. Also, flooded lands tend to bring predator

and quarry together, so that danger to the latter is not in

floodwaters alone, but also in more imminent attack.

Some people think that predation is a major factor ini

mammal abundance. Others, with some reason, point outl

that few mammals are ever completely driven from any

particular area by any of their natural enemies except

man. Populations of predators and prey usually rise and
fall without the complete destruction of one or of the

other, although man himself has destroyed, in some
areas, the predators that kept many amimals at a comfort-

able population level. To understand the rise and fall of

mammal populations, an understanding of the nature

of individual species is necessary.

MAMMAL individuals originate with the meeting of

a male and a female of a given species. The ges-

tation period of the female varies greatly; for example, in

the opossum the young may be bom only twelve days

after copulation, while the Asiatic elephant may carry

her young for as much as eighteen months. There is also

a tremendous disparity in size between the young at birth

in these two examples. The newly bom opossum is the

size of a honeybee; the newly bom elephant may stand

three feet in height and weigh 200 pounds.

Many male mammals never see their young, go.tng

their ways as soon as they have mated. Others remain

Northern fur seal
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with their families for years. The nature of the individual

is often reflected in the length of time it takes for its

ofTspring to reach maturity, and these facts are eventually

reflected in the numbers of a given species that reach ma-
turity. It has been recorded that a single buck deer and

three does were given complete protection from natural

enemies for a period of eleven years, and in that time the

resulting herd numbered 250 animals—some of which

Ihad to be killed to ensure that an adequate food supply

would be available for the remainder.

Some kinds of mammals require more living space

than others. Rabbits, for example, may develop warrens,

where the burrows crowd closely together. Under such

[Conditions the little mammals can literally eat themselves

i— and their mammal associates — "out of house and

home." Other mammals cannot tolerate such crowding.

The pronghorn antelope, to name one species, fails to

prosper on a circumscribed range; it is possible, although

perhaps doubtful, that disease may play a part in the large

territorial requirement of the pronghorn. Most mammals,
in common with birds and other animals, possess an in-

stinct for territorial defense, and will thus to some degree

affect their numbers in a given area. The territory of such

an individual mammal may vary greatly, being exception-

ally large at the time a new mate is being sought and

smaller during the time that the young are not able to

move about in safety.

Disease is frequently an important factor in controlling

the abundance of mammals, and some of the phenomena
that may be presumed associated with its avoidance are

most interesting. Cattle, for example, will seldom feed

on grasses that grow from their own dung, but will feed

on grasses whose gro\vth has been stimulated by the man-
ure of horses. The reverse is also true, in that horses will

eat grasses growing from cow-droppings, but will estab-

lish their own midden areas in which they usually avoid

feeding. Perhaps this behavior is in some way connected

with parasites that occur in mammalian feces, and ac-

cords some protection to a mammal from its own para-

sites. It is quite likely that the greatest single influence on
the abundance or scarcity of mammal life is human ac-

tivity. There is little doubt that, were the human mammal
to will it, most or all animal forms could be exterminated

from the face of the earth —including man himself. Ex-

cessive hunting, the use of biological poisons, over-

crowding, fire, disease, and the general upsetting of mam-
mal ecologies have already accomplished much toward

the extinction of many species. The interested reader may
wish to explore the subject of threatened or vanishing

mammal species further through reading of such publica-

tions as Extinct and Vanishing Mammals of the Western

Hemisphere, by G. M. Allen, published in 1942 as Spe-

cial Publication # 1 1 of the American Committee for In-

ternational Wildlife Protection, headquarters of which

are in Washington, D.C.; or Special Publication #12,
written by Francis Harper and entitled Extinct and Van-

ishing Mammals of the Old World. This volume was
brought out in 1945.

THERE is abundant literature dealing with the various

mammals that face extinction throughout the world,

and it would be desirable if other studies appeared deal-

ing with mammals whose great numbers and voracious

appetites put them in direct competition with man. Let

us recognize that danger lies not only in mammalian
scarcity, but also in its superabundance; and that it will

be man's task so to set the stage that the populations of

lesser mammals will neither unduly diminish nor expand.

Because man has become the dominant animal, ruling

the rest of the kingdom by direct or indirect action, he

must now take full responsibility for control and pres-

ervation of all other species. Any living thing that dis-

appears through man's stupidity, procrastination, care-

lessness, avarice, or indifference will be mourned in gen-

erations to come, as today we mourn the passenger

pigeon, the great auk, or Steller's sea cow.



DESCRIPTION DIET

Duck-billed Platypus
Ornithorhynchus anatinus

Order Monotremata

About 2 feet long. Male larger than
female. Slender body, leathery, duck-
billed snout, broad feet modified for

swimming have five strong claws. Fur
darlc brown above, lighter beneath. Tail

flattened. Semiaquatic. Eyes and ears

closed by fold of fur when diving.

Eats aquatic insects, their larvae,

worms, crustaceans, mollusks, aquatic
vegetation. Food is gathered at eve-
ning, night, and dawn. In captivity it

will accept earthworms, frogs, and cod-
dled eggs, and it is not unusual for it

to eat half its own weight every day.

Virginia Opossum
Didelphis marsupialis

Order Marsupialia

Females to 1) feet long including tail

to 13 inches. Weight to 14 pounds.
Males smaller. White face; naked,
scaly, prehensile tail; black feet, each
foot 5-toed, first rear toe opposable;
grayish-white fur; black, naked ears.

Mainly nocturnal. Are fine climbers.

Omnivorous, feeding freely on fruits,

vegetables, poultry, reptiles, amphi-
bians, mushrooms, insects. They may
rob the nests of hole-dwelling birds and
mammals. Eggs and persimmon fruits

are highly favored. Often act as scaven-
gers of carrion and other wastes.

Big Short-tailed Shrew or
Mole Shrew

Blarina brevicauda

Order Insectivora

Large shrew, length to 6 inches with
1-inch tail. Weight to 1 ounce. Sexes
about same size. Very small ears. Eyes
tiny, see only light and dark. Nose
pointed. Fur short and soft, silver-gray

in North, darker in West and South.
Both sexes have scent glands.

Food primarily insects, small mollusks,
earthworms, spiders, salamanders, mice,
carrion, nuts, fruit. Saliva contains sub-
stance causing bite to be painful, al-

though not dangerous, to humans.
Snails and worms paralyzed by poison
may be stored for future eating. Has
huge appetite in proportion to size.

Little Brown Bat
Myotis lucifugus

Order Chiroptera

One of 5 species of Myotis in N.A. Us-
ually to 4V2 inches long, including 1-

inch tail. Weight from 1/7 to 1/3 ounce.
Forearm has digits connected by flight

membrane. Ears, if laid forward, reach
to nostril. Color varies, according to

range, from dark brown to pale tan.

Eats insects taken in flight, assisted by
"sonar" sounds issued at the rate of up
to 60 pulses per second, each pulse con-
taining waves of 40 to 80 kilocycles in

frequency, on the average. These ema-
nations make it possible for bat to avoid
striking objects, and to locate food.

Man
Homo sapiens

Order Primates

Most abundant, successful, and intelli-

gent of all primates. Walks erect. Eye-
sight good. Hearing average. Sense of
smell poor. Taste glands well developed.
Size and weight extremely variable, ac-
cording to range, genetic variations,

and the available food supply.

Omnivorous, food including other
mammals, fish, a wide variety of her-
baceous plants, nuts, fruits. Can de-
velop, cultivate, and improve own food
sources. Despite this ability, some Vi
of population is either starving or suf-
fering from a degree of malnutrition.

Pangolin or Scaly Anteater
Manis pentadactyla

Order Pholidota

Heavy-bodied animal, whose body and
tail are covered with large, overlapping,
hard scales, between which grow coarse
hairs. Length to 3 feet, half of which is

tail. Legs short and strong. Claws
heavy. Mead small and tapered. Ears
small. Mouth is toothless. Nocturnal.

Eat ants and termites, captured on ex-
tremely long, wormlike tongue, which
is coated with saliva from greatly en-
larged salivary glands. Dig into anthills
and termite mounds to reach tunnels.
Valves on ears and nose exclude insects.
Can press scales together, killing insects
crawling between them.

Nine-banded Armadillo
Dasypus novemcinctus

Order Edentata

Length to 32 inches, including tail 14
to 15 inches long. Weight to 17 pounds.
Nine movable plates cover back and
sides. Usually does not curl up for pro-
tection, hiding in brush or holes in-

stead. Tail and head reasonably pro-
tected by scales. Ears and underparts
naked. Strong claws aid swift digging.

Feeds largely on terrestrial insects and
other arthropods such as tarantulas and
scorpions, which it can locate surpris-
ingly well by scent, even to 6 inches
underground. Also feeds on bird's eggs.
Has good sense of smell and of hearing,
but poor eyesight. Usually is abroad
only at dusk or at night.

Eastern Cottontail
Sylvilagus floridanus

Order Lagomorpha

Hind limbs longer than fore limbs. 4
incisors in upper jaw, 2 in lower. Length
to 18 inches, including 2-inch fluffy tail.

Females larger than males. Weight to 4
pounds. Ears 3 inches long. Eyes lat-

eral. Fluffy fur, shed twice a year, varies

in color, according to the animal's
range, from brown to grayish brown.

Food primarily plants of almost any
sort, including grass, garden vegetables,
cattle forage, bark of orchard trees. Can
be most destructive to crops. May eat
own feces excreted during day. In many
areas contend with man and hoofed
animals for available plant supply.

Norway or Brown Rat
Rattus norvegicus

Order Rodentia

At 1 year, length to 19 inches, including
long, slender, scaly tail to S'/z inches.
Ears naked. Weight to 1 'A pounds, but
usually smaller. Fur coarse, grayish
brown on the back, paler beneath.
Sometimes blackish. Laboratory ani-

mals vary in color from white to black.

Food is almost any organic matter,
plant or animal, including birds, grain
soap, garbage, eggs, carrion. May eat
1 /3 of Its weight daily. Damage to un-
eaten but fouled foods is enormous.
Need quantities of water and will chew
through pipes to reach it. Will gnaw
through wiring, often causing fires



REPRODUCTION RANGE AND RELATIONSHIP ECONOMY

Breeds in late winter or early spring.

Lays 1 to 3 eggs, less than I inch long,

in nest of damp vegetation 2 weeks to

1 month later. Eggs adhere together.

Incubation period about 10 days.

Young, poorly developed at birth, ma-
ture at 1 year. Life span to 10 years.

Found in eastern Australia and Tas-
mania, in almost any aquatic habitat

from clear mountain streams to muddy,
sluggish, coastal streams, ponds, and
lakes. Its burrows in banks can be 15

to 60 feet long. Hibernation, or inac-

tivity, occurs briefly in winter.

Platypus has virtually no natural ene-
mies, with the possible exception of 1

or 2 snake species. Serious drought,
water pollution, or failure of food sup-
ply could affect population. Although
formerly it was widely sought for its

otter-like pelt, animal is now protected.

To 18 honeybee-sized young born 11

to 13 days after mating, each Vi inch

long. Twenty can fit in a teaspoon.

Those not finding teats die outside

pouch. Attached to nipples for 70 days,

suckle for month more. Independent at

3 months after birth. Females breed at

1 year. Life span about 2 years in wild.

Common in wooded areas, or in or-

chards and other woods near centers of

human habitation. Usually inactive in

cold spells. Found New York to Colo-
rado, south into South America, and in

California and Washington, where in-

troduced and established. Range spread-
ing to north; numbers increasing.

Hardiness, variety of diet, fecundity,
and general availability of adequate
food supply guarantees survival and ex-
panding population in spite of man's
predation, some value of pelt as a fur,

and some edibility of flesh. Feigning
death may aid in survival, as "dead" ani-

mal is unattractive to many predators.

Tiny, pink, wrinkled young number 3

to 9, bom in hidden nest. Length about
1-1/5 inches at 1 day and 3-4/5 inches

by 3 weeks. Nursing stops in 3 to 4

weeks when length about Vz adult size.

Several litters yearly. Mature at 6
months; probably dead at 30 months.

Ranges through eastern half of the

United States and southeastem Canada,
in fields, orchards, woodlands, and
sometimes in buildings. May live in

granaries and may eat both plant and
animal matter. Signs are tunnels under
leaf mold, in decaying logs, or in snow.
Musky odor is noticeable in spring.

Short life span and inroads of its nu-
merous enemies, including cats, dogs,
owls, snakes, weasels, and other small
predators, keep population in check. Is

valuable to gardeners as a destroyer of

mice and of insect pests. Tunnels they
dig in forest floor or field litter aid in

the formation of the soU.

Mating occurs in autumn, but sperm is

stored by female until spring, when fer-

tilization takes place followed by ges-

tation of about 50 days. Often also

breed in spring. Usually only a single

young, weighing about 1/20-ounce at

birth; about once in 100 births, twins

are born. Flight begins at 3 weeks.

M. lucifiigus ranges over most of the
United States and much of Canada.
Other species are more localized. Each
has its own flight pattern. Females roost
gregariously in summer, males usually
solitary. Most Myotis migrate to caves
in local hibernation patterns.

Myotis have few enemies, so Ufe expec-
tancy can be to 10 years or more. They
are of value to man in the vast numbers
of insects they eat while on their us-

ually nocturnal flights. Can be nuisance
in houses or barns because of unpleas-
ant, musty odor and droppings.

Present world population of approxi-
mately 3 billion, increasing at a rate

that could double the number of people
in 40 years, is due to many factors, in-

cluding improved health care and in-

genuity in environmental control. As
result, present arable land may be un-
able to produce sufficient food.

Range is virtually anywhere on earth's

surface. Has ventured into seas and out-
side earth's atmosphere. Intelligence

has allowed man to become world's
dominant animal. Relationships with
others of own kind show a history of

great variability and inconsistency.

Only serious "predators" are other men.
Man's control of own enviroimient has
permitted, in many cases, devastation
of great areas, waste of natural re-

sources, disregard for future genera-
tions. With extremely careful manage-
ment, species may be preserved.

Female bears single young (more
rarely 2) from January to March.
Young stays with mother for a consid-

erable length of time. It may be carried

by clinging to mother's back or tail. For
protection, adult may roll up with the

young curled inside body. Scales are

soft at birth, but harden soon after.

M. pentadactyla occurs in India and
Ceylon. Related species are found in

Borneo, Java, Formosa, South China,
and Burma in Asia; other species are
indigenous to Africa south of the Sa-
hara. Some pangolins are arboreal. M.
pentadactyla is largely terrestrial.

Pangolins are of little economic impor-
tance, as insects do not constitute any
threat in areas animals inhabit. Its bur-
rowing may be a nuisance locally. Are
regarded as palatable, and are sought
for food in certain areas. Scales used
for ornaments and charms. Preyed on
by various carnivores, including man.

Breeds commonly July through August,
with fertilization delayed. Embryos be-

gin to grow in November. Develop in

about 120 days. Identical young, usual-

ly 4 of same size, developed from 1

fertilized egg. Eyes are open at birth.

Plates of "armor" not completely de-

veloped and hardened until adulthood.

Ranges from S.E. New Mexico through
Louisiana and S. Texas into South
America. Found from sea level to

10,000-foot elevations where soil is

suitable for burrowing and food is

available. Can swim well by swallowing
air to inflate itself, or can walk under
water for brief periods.

Armadillos are extending their range
and in many places increasing their

numbers, and are not in danger of ex-
tinction in most areas, despite fact that

meat is excellent eating. They submit
to captivity and may do well on horse
meat and dog food. Consumption of
destructive insects is beneficial.

Breed 4 or more times a year, according
to the weather conditions. 2 to 8 young,
each weighing to ?4 ounce, bom naked
and helpless in fur-lined nest. Gestation
period is 28-40 days. Young nurse for

about 2 weeks, then leave nest. Females
defend territory in breeding season.

Normal range of S. floridaiuis in North
America is mostly south of Canadian
border, east of Wyoming, and south in-

to Mexico. Prospers on borders between
open fields and woodlands or where
food supply and sufficient protective

cover are available. Lagomorphs have
a nearly world-wide distribution.

Efficient predators include man, foxes,
weasels, coyotes, hawks, owls, and dogs.
May die of tularemia, which may be
fatal to men who handle the dead rab-
bits. Millions are shot annually, but
harvesting is relatively ineffective. Lo-
cal overpopulation is serious problem.
Are valued as pets, food, fur bearers.

Norway rats in wild may produce 6 lit-

ters of 1 to 15 young a year, and be old
at 3 years. Females breed at 4 months
and, in laboratory, cease breeding at

18 to 24 months. Young, born 22 days
after breeding, are blind, naked, help-
less, and weigh about 1/5 ounce. Eyes
are open in 14 to 17 days.

R. norvegicus, introduced from Europe,
is found nearly everywhere man is

found, although temperature of —40°F.
is critically low, and 104°F. is critically

high. Can live in buildings or out; home
range varies considerably according to

available food supplies and number of

other rats in same area.

Of danger to man in transmission of
bubonic plague, typhus, and many other
diseases carried by its fleas. Destruction
costs man untold millions of dollars
yearly. Laboratory animals, however,
are of tremendous value to science in

the investigation of many diseases.



DESCRIPTION DIET

Gray Whale
Eschrichtius glaitcus

Order Cetacea

Length to 50 feet. Weight to 20 tons.

Females longer than males. Color a
mottled gray, but individuals range
from light gray to black. Has small
humps on back, but no dorsal fin. 2
to 3 grooves, 6 feet long and about
15 inches apart, on each side of throat.

Has whalebone, or baleen, in mouth.

Tiny marine animals, strained from
sea water through baleen, make up
food of this whale and such species as

finback, humpback, blue, and right

whales, while related sperm whale and
dolphins •— including narwhals and
killer whales— are toothed and prey

on larger animals.

COLIIE

Canis familiaris

Order Carnivora

Males 22 to 24 inches at shoulder,

female slightly smaller. Weight from
50 to 60 pounds. Slender, tapering

head, clear eyes, arched brows. Deep,
moderately wide chest, sloping shoul-

ders. Long, heavy coats are black, tan,

and white in various combinations,
with white collar frill.

Like earliest man, to whom dog was
probably a companion, animal is basi-

cally carnivorous. Domestication has

led to concern about diet, and today's

pets are also fed vegetables, eggs, and
milk to fill nutritive needs and to

affect cleanliness and odor in a way
that equips them to live with man.

Northern Fur Seal

Callorhinus ursinus

Order Pinnipedia

Bulls to 7 feet long; weight to over 600
pounds. Cows smaller. Adult bulls dark
gray to brown above, usually gray
on shoulders. Cows grayish brown.
Mouth, teeth, and jaws developed for

grasping and tearing. Hind limbs can
turn forward to support body weight.

Voice a roar or bark.

Food is entirely flesh, including some
30 kinds of marine organisms. Have
been known to swallow stones. Much
feeding is done at night, and most
animals eat about 1/15 of their weight
daily. Harem bulls do not eat during
breeding season, when they live off

subcutaneous blubber.

Aardvabk
Orycteropus afer

Order Tubulidentata

Short-legged, thick-tailed, piglike

mammals. Length to 6 feet, including

the 2-foot tail. Weight to 140 pounds.
Color, yellowish to brown-gray. Tip
of tongue highly tactile. Forefeet 4-

toed, hind feed 5-toed. Claws resemble
both nail and hoof, and are adapted
for swift digging.

In the wild, feed almost wholly on
ants, termites, or sometimes on beetle

larvae, or other insects. Powerful legs

and strong claws are capable of open-
ing hard-packed anthills or burrowing
into termite colonies. Insects gathered
on sticky tongues. Use feeding area to

rest, as are immune to insects.

Indian Elephant
Elephas maximus
Order Proboscidea

Size, massive. Weight of males to 8,000
pounds, smaller than African species.

Color grayish. Ears large. Nose ex-

tended into flexible proboscis with
nostrils at end, and finger-like projec-
tion at tip. Legs pillar-like. Skin thick

and thinly haired. Incisors continue to

grow, are tusklike, in upper jaw only.

Elephants are strictly vegetarians, de-
vouring leaves, fruit, bamboo shoots,

grass. May eat Vi ton of forage daily.

Feed actively most of day. May push
down trees as they feed. Rolling or
hilly forests and areas of bamboo and
tall grass are preferred browsing sites.

Travel in herds of from 30 to 50.

Hyrax
Procavia capensis

Order Hyracoidea

Like tailless rabbits in appearance,
with small ears and short, sturdy legs.

To 22 inches long and to 9'/i pounds.
Fur thick; eyes small; sight and hear-
ing good. Toes have hooflike nails.

Front feet and, to some degree, hind
feet have pads capable of clinging to

smooth tree trunks or rocks.

Food is herbaceous, including leaves,

grasses, bark. In captivity may eat

bread, vegetables, and sugar. Although
jaws are worked as if chewing a cud,
are not ruminants. Feed in the daytime
or evening, spending much of remain-
ing time in rocky crevices where they
are safe from their many predators.

Sea Cow or Manatee
Trichechus manatus

Order Sirenia

Large aquatic animal to 12 feet long
and to 1,300 pounds in weight. Some
sex differences in size, with male
larger. Color lead-gray. Short bristles

cover body. Fore limbs are flippers.

No rear limbs; flat, whalelike tail.

Head and eyes small, upper lip over-
hangs the lower.

Food is exclusively plants growing un-
der water or along shores. Taste is

well developed, and they will select

green, but reject brown, seaweed. Up-
per lip maneuvers food into mouth.
Nostrils have valves permitting animals
to feed under water, where they may
remain submerged for 15 minutes.

Tapir

Tapirus terrestris

Order Perissodactyla

Heavy-bodied animal with short, stout

legs. Tail short and thick. Feet hoofed,
with middle digit longer than others.
Skin thick. Brownish to grayish hair
smooth and sparse. Height at shoul-
der to over 3 feet. Weight to 500
pounds. Fine swimmers. Nocturnal.
Upper lip elongated into proboscis.

Tapirs both browse and graze, using
broad, sharp incisors, and extremely
mobile lips to eat low-growing plants,
twigs, the foliage of various kinds of
trees and shrubs, fruit, and grass.
When the opportunity presents itself,

will eat cultivated crops.

White-tailed Deer
Odocoileus virginianus

Order Artiodactyla

Shoulder height to 4 feet; length to 6
feet; tail to 1 1 inches. Bucks, which
can weigh to 300 pounds, have antlers

that are shed yearly. Color, reddish
in summer, grayish in winter, white
beneath. Fawns white-spotted. When
frightened, raises tail, snorts, and leaps

in 10- to 20-foot bounds.

Feed on many plants, including aquatic
varieties, on mushrooms, nuts, grass,
leaves, grain crops, truck gardens. In
winter browses on deciduous twigs, on
evergreens and lichens. Heavy snow
that covers vegetation and makes
movement difficult presents hazards.



REPRODUCTION RANGE AND RELATIONSHIP ECONOMY

In January or February, about 1 year
after mating, single young about 16

feet or longer is born in quiet cove in

shallow water. Nurses for 6 months,
when it reaches 25 feet in length. Sex-
ual maturity may be reached in 2
years. Females probably breed only
in alternate years.

Found in Arctic Ocean in summer. In
winter migrates down U.S. Pacific
shores to Baja California in Mexico
when breeding takes place. Some also
in northwest Pacific. Ranges in shallow
waters where small invertebrates
abound. May gather in groups.

In 1853, population estimated at be-
tween 30 and 40 thousand. Almost
extinct in 1925, it is now rigidly pro-
tected internationally, and population
is about 5,000. During migration—the
longest of any mammal—thousands of
spectators gather to watch as whales
pass San Diego, California.

Collie litters are usually large—from
9 to 10 puppies being born after 60 to

65 days gestation. Eyes open in from 9

days to 2 weeks. Usually are sexually

mature at 8 months. Can have 2 litters

yearly. Longevity is mainly dependent
on care, and large dogs are, in general,

not as long-lived as small ones.

Like other domestic dogs, collie ranges
wherever man wants to have an intel-

ligent, courageous pet or work dog.
Origin of this breed is unknown. Made
show debut in England in 1860. Be-
came very popular in the United States
20 years later. Good with children.

From earliest times, C. familiaris,
which is considered to be one species,
although number of breeds is enor-
mous, has been man's companion,
protector, and hunting aid. Collie is

still shepherd's helper in Scotland,
northern England, and Wales, where
a dog can do field work of 12 men.

Bulls establish home territory and
defend harem of up to 40 cows. Breed
in summer and fall. Cows give birth

to 11-pound, shiny black pup 8 to 12

months after mating. Learn to swim at

6 to 8 weeks; nurse until about 4
months, when they take to the water
where they spend most of their lives.

C. iirsiniis travels in oceans and,
during breeding season, comes ashore
in U.S. on the Pribilof Islands in the
Bering Sea, rarely elsewhere in Alaska.
During migration, the longest of any
member of this order, is dispersed over
North Pacific, Bering Sea, Sea of Japan,
Sea of Okhotsk, to San Diego.

Once threatened by extinction, the seal
is now internationally protected, and
the Pribilof summer population is es-

timated at 600,000 newborn and twice
that many adults. About half of young
die each year from storms, starvation,

crowding, and predation. Enemies in-

clude sharks, walrus and parasites.

From May to July usually single young
is born, more heavily haired than spar-

sely haired adults. When about 2
weeks of age, may follow mother in

nocturnal food forays. Home burrows
usually slope 4 or 5 feet into ground,
then may run parallel to the surface
for some distance.

Aardvarks range through Africa, south
of the Sahara Desert, from Senegal,
central Sudan, and Abyssinia, south
to Cape of Good Hope, on open plains,

savannas, and clearings where many
termites and anthills exist. Occasional-
ly found in brush or, rarely, in forests.

Flesh is high in fat, and is prized by
many, but it is not regarded as a game
animal. In some areas, aardvarks are
considered a nuisance to horsemen and
farmers, as burrows make riding hazar-
dous and can cause crop damage.
Predators are most large flesh eaters.

Single or, rarely, 2 young, weighing to

200 pounds at birth and standing to
3 feet high at shoulder, are born to a
cow about 18 to 24 months after mat-
ing. Shed milk tusks at about 5 months,
suckle for 2 years, and reach puberty
in about 14 years. Female may bear
5 calves in life. Life span to 60 years.

Indian elephants occur south of
Himalayas, in India, Ceylon, Assam,
Burma, Thailand, S. Vietnam. Malay
States, and Sumatra. Introduced in

Borneo, where they aid in teakwood
forestry, hauling lumber to waterways
to be floated to mills often located
many miles downstream.

Economically is important as a work
animal and beast of burden. Indian
elephants are not sought as game ani-

mals as much as the African species.

Ivory of tusks is also important to
economy of countries it inhabits. Man
is almost its only natural enemy.

Young, born about IV2 months after

breeding, usually number 2 or 3 (may
be 1 to 6). At birth they are fully

haired and their eyes are open. They
reach puberty at 2 years. In captivity

they have been known to live to 7
years. During breeding season, un-
pleasant odor is secreted.

P. capensis, like other terrestrial species

of hyrax, lives in cliffs, scrub, or rare-

ly in grasslands, from sea level to

15,000 feet, in colonies of from 6 to

50. Various species are found through-
out Africa and the Arabian Peninsula,

Syria, and Israel. The related arboreal
species are nocturnal.

Natural enemies are primarily eagles
and large members of the cat family.
Because of dietary habits have become
pests in some agricultural areas. Ar-
boreal species of hyrax tame easily.

Terrestrial species, including P. capen-
sis, are not so gentle. Despite low re-

productive rate, seem well established.

Breeding begins when manatee is 3

to 4 years old. Gestation period not
definitely known, but probably over 5

months. Single calf born under water;
weight to 40 pounds, length to 3 feet.

Calf probably stays with mother for

about 2 years. Breeds any season.

Range is coast of southern Atlantic
states, around Florida and Gulf coast,

the Caribbean Islands, down eastern

shores of Mexico. Often travel in small
herds; migrate slightly to north during
summer. Other species are found on
South American and African coasts.

Manatees are often shot illegally, or
are killed by pollution in shallow
waters. Although protected, stringent
enforcement of laws needed. (Steller's

sea cows became extinct about 1768
because of excessive hunting.) Flesh is

delicious, and oil is valued in cooking.

After a gestation period of from 392
to 405 days, 1 or, occasionally, 2 young
are born. Unlike solid-colored adults,

young have whitish spots and longitu-

dinal stripes on dark hair. When about
6 months old, adult coloration has
developed, at about which time young
may permanently leave parents.

T. terreslris ranges from southern
Mexico to southern Brazil. They prefer

grassy swamps, savannas, dense jungles,

and forested hills near water, from
sea level to high in mountains. Other
species are found in Burma, Thailand,
Indo-China, Malay States, Sumatra.

Activities center near water, where
animals can feed, bathe, and escape
from external parasites and predators.
Jaguars, perhaps pumas, and man are
the principal enemies of the tapirs.

They are shy animals that may occa-
sionally cause some local damage to
gardens in isolated jungle clearings.

One buck may breed with several does
in November, in North, to January in

South. Usually 2 and rarely 3 or 4
fawns are born some dVi months later,

each weighing 3 to 5 pounds. Nurse
about 4 days before grazing begins.
Weaned at 4 to 6 weeks. Most does
breed at 1 year.

Range from Washington, Oregon, and
southern Canada east to Atlantic,

south into South America. Prefer water
to be accessible. Once near extinction

in certain areas, now increased to

nuisance point in many places. Home
range only about a mile in radius.

Legal protection and reduction in num-
bers of natural predators has allowed
deer to increase at such a rate that

they create economic problems for
farmers and foresters in many areas.

Although widely hunted legally, herd
management remains vital problem for
both man and animals.



nature IN THE SCHOOL

IN SCANNING THE PAGES of our daily newspapers, one

is quickly aware of the pressures that have been

exerted on the schools of our nation by the tremendous
"explosion" of our human population. This phenomenal
increase in human mammals has forcibly brought the

subject of general animal abundance into the classroom

itself, so that a study of it seems worth while. The chart

section that accompanies this educational insert briefly

considers the effect of mammal abundance on representa-

tives of eighteen living mammal groups, not including the

flying lemurs of the Order Dermoptera.
Members of each group mentioned in the chart have

certain similarities in their basic anatomies, so that if a

member of one group is well understood, the essential

qualities of the other members may be estimated.

The student should famiharize himself, through obser-

vation and reference to appropriate texts, with the repro-

ductive capacities of as many mammals as he can.

How many young are there in the litters of a particular

mammal? How many htters are produced in a season?

What is the length of the mammal's reproductive life?

There is a tremendous variation in these factors among
different creatures. For example, a shrew's life span may
be only two years or so; in the elephant, the gestation

period alone lasts from 18 to 22 months, or nearly as

long as the shrew's entire lifetime. In the opossum, a

dozen young may be suckled by the female only two
weeks after mating, and the youngsters are wholly inde-

pendent at 16 weeks; the elephant may produce only

four or five young during a whole lifetime. The significant

data of the mammalian reproductive story are available

in a number of current texts and fieldbooks.

The student should familiarize himself with the rea-

sons underlying the game law provisions of his state.

Local hunting regulations may forbid the killing of one
or the other sex of certain mammals, or jt may allow
only the killing of animals of certain age groups. Why
should this be so? The student should also be familiar

with the reasons behind the complete protection of cer-

tain species; those whose numbers are either at a dan-
gerously low level or are composed of a proportionately

high percentage of older individuals.

Game management practices that are directed toward
influencing the total population of any given mammal
must take into account a number of different factors

—

the mammal's value, living or dead; the value of its pelt

at different seasons of the year; the need for managing
its food supply; the importance, jf any, of the part the

creature plays in the food cycles of its associates. The
snowshoe rabbit, to name an example under the last

category, is remarkable for its abundance cycles, and the

rise and fall in its numbers is reflected in a corresponding
rise and fall in the numbers of its archenemy, the lynx.

The availability of nesting sites or dens also may ac-

count for the abundance or scarcity of a mammal.
Human foibles, too, may affect the total population

of a mammal species at a given time. When college stu-

dents favor blue jeans instead of coonskin coats, the

raccoon population is likely to rise, other factors being
equal. At one time, the fur of a certain species of monkey

was considered fashionable, and the species bearing the

fur was nearly exterminated in the name of fashion.

The little mammal known as the copyu, or nutria, was
at one time Usted as in danger of extinction. In 1952,

the nutria was introduced into the southern part of

the United States, and since that time has multiplied so

greatly as to become a pest and a menace to native animal

species. Ten years after its introduction, some fifty thous-

and nutria were taken by trappers in the lower Mississippi

Delta region, and their abundant presence had affected

the prosperity of such wild animals as wild ducks and
muskrats, to say nothing of farmers in the area. The
introduction of wild mammals—and plants, insects, and
birds, for that matter—into new areas is likely to have
a serious impact on the native fauna and flora. Not all

introductions are successful, but those exotics that flour-

ish, often do so both explosively and disastrously.

The change in mammal abundance is often a local

phenomenon rather than one of general significance. In

my home locality, the white-tailed deer is now abundant,
although several decades ago it was not to be found.
Opossums have made their appearance during the course
of the same time span. Gray squirrels have returned. In
the last decade I have seen a porcupine in its free and
wild condition within a hundred yards of my home, and
coyotes have been seen within a mile. The raccoons that

rattle my garbage cans nightly in season announce the

coming of spring. A few years ago the discovery of a

raccoon in my locality was an event that warranted
at least some mention in the local paper.

THE student, through his own research supplemented

with information gathered from older relatives and
friends, might try to investigate the changes in mammal
populations that have taken place in his own vicinity.

The local newspapers of "earlier days" may sometimes
reveal valuable information toward this end; old text-

books and other Hterature may furnish valuable clues.

I always have on my desk a list of mammals indigenous

to my local watershed—a Hst that was prepared and pub-
lished fifty-two years ago. It reports a male opossum
being captured fifty-eight years ago, an event that would
certainly not be news today. It makes no mention, how-
ever, of beaver, black bear, porcupines, or coyotes, which
have been seen in the vicinity during recent years. It

reports a Canada lynx taken fifty-six years ago, but does

not mention the presence of bobcats, which have been

reported in the area in later times.

In summary, there is often a temptation to dwell on
the "good old days" when we discuss the abundance of

mammals, and to ignore the fact that the present is not

wholly bad. In some respects it actually may be better

than the past. Most important, however, is the recogni-

tion that what we do in the present will determine the

course of the future. We know how to save and control

our present mammal populations, both wild and domes-
tic, and we should probably not spend much time regret-

ting the fact that wild buffalo no longer roam our plains.

We should rather plan constructively in order to protect

and preserve the species that exist today.



Fungus ant workers, in this species only about 1.8 mm. in

length, move over their garden, discarding unwanted parts,

and depositing saliva and feces, which aid in fungus growth.

Long antennae help in the process hy locating foreign matter.

Insect Gardeners
New World ants sustain gigantic colonies on leaf-grown fungus

FUNGUS-GROWING ANTS— leafcutters

that rival man in their skill as

gardeners—are found only in the New
World, and appear to have developed

their distinctive "cultivation" of spe-

cial sorts of fungus long ago in tropical

South America. From that area, ap-

parently, they spread south into tem-

perate Argentina and north as far as

New Jersey in the United States. They

By Neal a. Weber

are also found in our Gulf States and

west to California.

The two genera that contain the

largest individuals are Alta and Acro-

myrmex. leafcutters familiar to most

residents of tropical America. One of

the largest Alia species, A. cephalotes,

demonstrates the extensive polymor-

phism— that is, the great variation

in size of the ants in one colony —

that is characteristic of these tropical

genera. The female has a large head,

compound eyes, and three simple

eyes (ocelli) in the middle of her

forehead. The male also has three

simple eyes, but a much smaller head

and weak mandibles. The soldier

caste has a very large head to accom-

modate the great muscles that close

the mandibles. The soldiers often have
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EiCHT-DAY-OLD EGCS are of the South
American tropical species, Atta sexdens.

a double simple e)'e in the middle of

the head. This is of particular interest

to students who follow the develop-

ment of insect eyes, for it suggests

that this middle simple eye was
originally a pair that, in the course

of evolution, fused together. Below

the soldier in size is a great range

of workers. The smallest workers

ordinarily stay in the fungus gardens

of the nest all of the time. The larger

workers range far from the nest, on

populous trails, cutting down green

leaves of trees and bringing them
back to serve as garden material.

LONG, spindly legs are a character-

/ istic of the fungus-growers in

general. Each leg terminates in a pair

of hooks with which the ants readily

climb trees or anchor themselves as

they cut out sections of green leaves.

At the end of the second long segment

of each foreleg is a comb, which plays

an important role in keeping the ants

clean. The insects' antennae bear sen-

sitive chemical receptors at their tips.

By delicately playing these tips o\ei

the growths, the ants continually

check on the condition of their war-

dens and on the fungi therein.

The form of a mature fungus gar-

den varies among the different genera

of gardening ants. It is generally a

sort of honeycomb: the loose par-

ticles of plant materials that form the

substrate are held together by the

threads of the fungus. Among the

large leafcutters, such a garden may
be ten inches in diameter. In A/ta.

the garden is globular in shape, ex-

cept where flattened at the base. The

tops and sides of the gardens are

always surrounded by a space, so

that they do not touch the earth in

which they are entombed. The garden

starts on a rootlet left standing in

the underground space excavated by

At twenty days, eggs are enmeshed in fungus cluster. In

some areas, people collect and eat the egg-filled female ants.
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Two SIZES OF Eccs are visible at fifty days. As the eggs
mature, the fungus garden, kept moist and warm, also grows.



Dr. Weber, of Swarllimore Collei;e's

biology department, is now on leave

for two years, in order to serve as

the Science Officer, United States

Embassy, Buenos Aires, Argentina.

the ants, and is later expanded, with

support being provided by other

roots tliat the ants leave in the enlarg-

ing excavation. The ants frequently

leave stones in place at the bottom of

the garden, removing the soil around

them, to provide additional support.

There is, in consequence, excellent

drainage. The gardens are further

protected by having the access tun-

nels enter near the bottom of the

cavity in which they grow.

The cells of the garden's "honey-

comb" necessarily vary in dimensions

according to the size of the ants. The

various species of Aplerosligma, for

instance, have gardens composed not

of leaf material but of pellets of insect

dr(>]3pings (often those of the wood-

boring beetle or caterpillar I and of

small pieces of wood. These are held

loosely together by short filaments

of fungus. In some species, the whole

loose mass of cells is then enclosed

with a veil of the finest and most deli-

cate character, also fungoid. I was

long puzzled by this, wondering if

the veil was formed in some way
through the agency of the ants, or

if it was a natural growth. Finally,

I found the answer in pure fungus

cultures grown on sterile grass stems

in humid flasks. The fungus would

first grow out at right angles for

one-quarter inch from the upright

grass stems, then intertwine at the

outside edges to form the same kind

of sheath or veil seen in the Aptero-

sligma gardens. When touched with

a sterile needle, the veil would in-

stantly collapse. The ants, however,

have no difficulty in walking about on

the pellets inside the veil without dis-

turbing it in any way.

LABORATORY cultures of the fungi

J
"raised ' by gardener ants may be

easily overwhelmed by such common
soil contaminants as 1'e.nicilliiim and

Aspergillus. In the garden, however,

only the one ant fungus thrives. How
do the ants manage this? In an at-

tempt to account for the purity of

the ant fungus, I carried out an ex-

periment using sterile Petri dishes

filled with nutrient agar. Fresh sam-

ples of gardens were placed beside

some dishes, the covers were tilted

at one side, and bits of the garden

were transferred to the agar with ster-

ile forceps. In other dishes, a cluster of

ants was included on the transferred

piece of fungus garden.

Lifting of the covers, even momen-
tarily, introduced contaminating fun-

gi and bacteria, and these contami-

Matlring pupae can be seen at (it'ty-six days. These are

from the small eggs: larger eggs have been eaten by females.

Xearly grown worker ants now begin to emerge. They vary

greatly in size — a situation that is known as polymorphism.
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Trinidad levfci ttkhs dissect a fallen papaya. Here, the

green rind has already been removed, and the pulp is being

transferred to garden. In this case, both fruit and leaves

had been cut. Some species can defoliate a tree overnight.
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Method of leaf transportation is demonstrated in glass

tube, as worker ants move from the leaf source to the garden.

As fungus develops around leaves, more food is produced for

the growing colony, which in turn can provide more workers.

nants at once started to grow. Those

pieces of garden that lacked ants to

'care" for them remained normal less

than a day before they started to

deteriorate. Alien organisms soon

overwhelmed them. When ants were
included, the fungus gardens stayed

healthy for a considerably longer time.

In the dishes, therefore, the ants

obviously proceeded as they do in

their natural habitat. They moved
over the garden, licking the fungus,

feeling every bit with the tips of

their antennae, discarding parts dam-
aged in the transfer, and depositing

their liquid encrement on the garden.

Both saliva and feces, therefore, were
regularly applied. Furthermore, they

cut out pieces of the agar adjacent to

the base of the garden and cast these

some distance away. It was signifi-

cant that such pieces, to which some
saliva inevitably adhered, did not

grow alien organisms as soon as did

untreated agar. In time, some of the

ants would excavate all of the agar

in the immediate vicinity of the gar-

den, leaving the fungus "honeycomb"
undisturbed on the glass.

THE single fungus-grower of the

eastern United States— 7". septen-

Irionalis—has an extended distribution

along the Atlantic coast in open,

pine woods. The ants themselves are

inconspicuous, and are best located

by crescent-shaped mounds of sand

at the nest entrance. The ants march
out from the nest, go several inches

away from the hole—in one direction,

to start with—and then dump their

loads of sand. The semicircular crater

that forms has a distinctive character,

and in the laboratory the same ants

produce the same sort of crater if

they have enough sand to dig in.

Early one September, while show-

ing a French colleague a New Jersey

Pine Barrens site of these northern-

most fungus-growers, it was my good
fortune to witness a colonizing flight

of females. They left singly from
several nearby nests, crawled up on

grass or stems, and took flight up
through the scattered pine trees. A
few were captured and isolated singly

in small glass tubes in the laboratory,

where they developed gardens. It

appeared that the females had car-

ried bits of the "home" gardens in

their mandibles, since when the de-

veloping, test tube gardens were first

seen, they were far too big to have

Ty-pical garden is suspended from roots in a clayey soil.

Although structure varies among species, it is usually of
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this honeycomb shape, may reach ten inches in diameter, and
is always surrounded by space separating it from the earth.
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Huge queen of the species Atta sexdens is surrounded by
workers of various sizes. This species shows considerable

polymorphism, as it includes a soldier class. Queen has a

large head, with two compound eyes and three simple eyes.

been concealed in the pocket ofE the

mouth in which the ant regularly car-

ries debris from its garden-grooming.

THESE females are marvelous crea-

tures. The queen is responsible

for continuing the ants from one

generation to the next. Long ago, it

was found that the queens among the

big Brazilian Atta leave their paren-

tal nests bearing a bit of the "home"
garden. Each queen then digs a hole

in the ground, deposits the fragment

of garden and manures it. The fungus

grows rapidly in this moist, tropical

cell, and the queen lays her eggs on
the growing garden. In recent years,

Dr. Mario Autuori, in Brazil, fol-

lowed this early life of a colony and
produced an excellent photographic

record. He found that two kinds of

eggs were laid. One is of the ordinary

type, while the other is more globular,

larger, and rich in yolk. The queen or

her daughters eat the larger eggs,

thereby gaining energy to build up
the garden. Finally, after the first

brood has matured, the ants break
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out to the surface of the soil and
start bringing in bits of leaves needed

to expand the fungus garden. Garden

and colony now grow rapidly. The
more the fungus grows, the more
food there is for the developing

brood, while the increased numbers
of ants means that more leaves can

be brought in for the garden.

It used to be thought that the queen

degenerates into a mere egg-laying

machine, but my experiments and

observations show that this is far

from the case, at least in the critical

early stages. Instead of losing any

of her behavioral capabilities when
she starts producing eggs, she re-

mains more efficient than the worker.

When a queen and the sole surviving

worker of a Panamanian colony of

Trachymyrmex lost their garden, I

gave them small cultures of fungi

taken from other fungus-growers. In-

variably, it was the queen who first

perceived the culture as acceptable

food, approached it, and started feed-

ing. Finally, the two were placed in

an observation nest, partly filled with

clean, moist sand in which a hole had

been punched with the eraser of a

pencil. The queen quickly went to the

fungus, tasted it, and then started

cutting pieces and carrying them two

inches away to the prepared shaft.

She carefully placed these small

pieces at one side of the shaft, about

midway from top to bottom. All this

time the worker followed her about,

much as a puppy might follow its

mother, going back and forth but

without either cutting or carrying

fungus. The queen continued to cut

and transfer all of the fungus, built

up a neat garden, then placed grains

of moist sand over the top so that

nothing more could be seen.

ONE of the most fascinating as-

pects of the gardening tech-

niques of these insects is that, by

using leaves — a widely available raw
material, which, in itself, is not highly

nutritive— the ants are capable of

growing a product that supplies the

dietary needs of huge communities of

a highly complex social structure.
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Long, spindly legs are characteristic of fungus-growing

workers. Legs terminate in pair of hooks allowing ants to

^H^

climb trees or anchor themselves while cutting leaves. It

is possible for ants to chew half-moons from leather boots.
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CELESTIAL EVENTS
\ list of astronomical occurrences for the first half of 1962

By K. L. Franklin

JANUARY
January 2: Today the earth is at perihelion—nearest

he sun for this year—91.400.000 miles away.

January 3: Early this morning, before dawn, the Quad-

antid meteor shower will reach its peak. Under ideal con-

litions a single observer could see 40 meteors per hour,

"hese will appear to radiate from a point in the northeast

ky in the constellation of Bootes.

January 22: About 9:00 p.m., EST. watch the moon

pproach the brightest star—Regulus—in Leo. Northern

nd eastern observers will see an occultation.

FEBRUARY
February 4: A total eclipse of the sun will begin in

Borneo at sunrise, move the length of New Guinea, and

inally end off the coast of Lower California. Residents

ilong the Pacific coast will see only a partial phase of the

clipse, which will begin about an hour before sunset.

All of the naked eye planets are now within 15° of the

iun. At the time of the solar eclipse, even the moon will

oin the ensemble. This arrangement is rather unusual,

jnd it leaves the entire night sky to the stars alone. Fol-

owing is a list of distances and times of the planet's con-

junctions with the sun. All fall within a two month period.

PLANET date MILES FROM EARTH

Mars December 14. 1961 228 million

Saturn January 22. 1962 1020 million

Venus January 27. 1962 159 million

Mercury February 5. 1962 61 million

Jupiter February 8, 1962 560 million

February 19: Regulus will again be occulted by the

moon. Watch from about 5:30 a.m., EST. Binoculars will

aid in seeing the star near the nearly full moon.

Before this occultation is over, a penumbral eclipse of

the moon will technically begin. By 8:04 a.m., EST, the

south pole of the moon will have darkened to about half

its usual brightness. Since the moon will have set by this

time throughout the continental United States, only the

faint beginnings of this eclipse may be observed.

MARCH
March 6: The moon is closest to the earth this month

at nearly the same hour as new moon. Adding an in-

creased lunar force to that of the sun, the combination

will bring about a perigee spring tide of unusually wide

range—the highest highs and lowest lows.

March 11: Aldebaran will be occulted by the moon
this evening for observers in the western half of North

America. Watch from 9:30 p.m.. Pacific Standard Time.

March 20: Spring begins for the Northern Hemisphere

at 9:30 P.M.. EST, as the sun crosses the celestial equator

on its return journey from the south.

March 31: The last quarter moon and Saturn will be

very close in the morning sky. In the northeastern part of

the LInited States, a short occultation is to be seen about

sunrise. Use binoculars on the first magnitude planet.

APRIL

Some of the planets are becoming easier to observe, as

the earth moves around the sun to join them in space.

Early risers will notice Jupiter shining brightly in the

southeast. Saturn, appearing to be a first magnitude star

in Capricornus. is higher and farther to the south. Before

the end of April, Mars—at -(- 1.4 magnitude—may be seen

just before dawn in Pisces, low in the east.

April 20-24: A weak meteor shower—the Lyrids—will

have its normal hourly rate of 15, for a lone observer,

severely diminished by the bright moon.

April 28: This Sunday morning, 2:00 a.m. will become

3:00 A.M., EDT. Daylight Saving begins on this date for

many parts of the country. "Spring ahead."

MAY
May 5 : This night is the peak of the long meteor shower

called the Eta Aquarids, when a single observer may see

as many as 20 meteors per hour. A few meteors may be

seen from the middle of April until the third week of May.

May 11: The moon and Regulus will be very near in

the western sky. Western Canada will witness an occulta-

tion about midnight. Pacific Daylight Time.

May 13: Elusive Mercury is farthest east of the sun this

season. Although much brighter two weeks ago than its

present -\- 0.5 magnitude, it was lower in the sky at sun-

set. Venus is a little above and south of Mercury, a bright

— 3.3 in magnitude. Look for Mercury tonight with binoc-

ulars and compare its movement with Venus for a few

evenings. The illustration, left, helps locate the two planets.

JUNE

June 10: Within a few hours, the moon will be at first

quarter and at the point farthest away from the earth. This

combination will result in the very low apogee neap tides.

These apogee neap tides have the lowest highs and the

highest lows, and hence extend through a very narrow

range. Contrast this tidal range with the perigee spring

tides of March 6. above.

June 20: The Southwest will see an occultation of

Saturn. Watch from 10:30 p.m.. Mountain Standard Time.

June 21: Summer begins in the Northern Hemisphere

at 5:24 p.m.. EDT. The nights will begin to get longer as

the sun starts toward the winter solstice 184 days awav.

Dr. Franklin of The American Museum — Hayden
Planetariuih prepares this summary each six months.
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Drifting Gulls
Both age and the wind are factors in these birds' movements

By W. John Smith
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THE HERRING GULL IS a bird well

known throughout most of North

kmerica. The adult is a large, white,

ind conspicuous bird, with a light-gray

luantle and black wing-tips, spotted

iivith white. When immature, the bird

s brown-streaked and less striking.

The species is particularly familiar to

cottagers on northern lakes and along

he eastern seaboard, but herring gulls

are also found along the Mississippi

d other rivers and. at least in their

immature forms, even along the Gulf

of Mexico. The birds are to be seen

pacing beaches, flocking at garbage

dumps and plowed fields, sitting on

fishing wharves, and following ships

or schools of herring. The herring

gull has often been spoken of as a

migratory bird and. indeed, many in-

dividual herring gulls accomplish con-

siderable journeys. In fact, however,

further study is necessary if their be-

havior is to be correctly defined.

Recently. I had the opportunity to

plot some 1.143 recoveries of herring

aulls. banded when still young on their

nestinsr islands in Lakes Michigan and

Huron by Mr. C.C. Ludwig and his two

sons, of East Lansing. Michigan. The

Ludwigs had banded 37.414 gulls be-

tween 1931 and 1957. and it seemed

likelv that the data derived from re-

coveries should present a clear pattern.

This proved to be the case.

After fledging, the birds begin to

disperse from the nesting islands.

Some young herring gulls leave early,

others leave later, and some scarcely

leave the area at all. Sixty per cent of

the voung birds that were recovered

had remained within 300 miles of the
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breeding colonies, as had nearly all o;

the older ones. What travel of any nob

that occurred among these herrins

gulls was largely confined to a portioi

of first-year birds, but this 40 per cen

wandered widely. Beginning abou

December, many birds in this wide

wandering group start a southwan

movement that has been spoken of ai

a migration. It may be a long trip

Some few birds will reach Mexico, thi

West Indies, and very rarely, point

still farther south. Since few of then-

remain in the south after their fi:

winter, the ensuing northward returr

to home waters in the spring usuallj

completes their movement.

Plottinc all culls recovered during thousands banded by Ludwigs — reveals

their first year—only small fraction of wide dispersal of these immature birds.
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THE direction the wide-wanderer:

fly is shown in recovery reports

Although at first there is little more

than apparently erratic wanderin;^

about the lake shores and rivers neai

the colony, more and more birds are

recovered east of the nesting islands as

autumn wears on. They spread oul

along Lakes Erie and Ontario and into

the region of the St. Lawrence River;

then, as the severity of winter begins

to be felt, those herring gulls that have

reached the Gulf of St. Lawrence starl

south along the eastern coast of the

United States. Some of the birds still

on the Great Lakes find the inland

waterways of the Mississippi system

and follow these to the Gulf of Mexico
to winter over on the shores of Texai

and Louisiana. The pattern is thus an

irregular eastward movement of somellJ

birds, followed by a southward move
ment of most of these, as well as a move
south by some birds that had stayed'

behind on the Great Lakes. Finally. a[^

northward return occurs in the sprin^

Because all these travels take place

along coasts or rivers, it has often been

suggested that the herring gulls fol

low waterways because they provide i

source of food. This suggestion cer

tainly seems valid, especially since™

most studies have shown that the spa-

»

cies finds its food primarily in or near "

water. But the herring gull is omniv
orous, taking everything from fish anc

carrion to earthworms, grasshoppers
and even blueberries. Since the birc

is not restricted by necessity to water
ways as sources of aquatic food, bul i

could presumably travel overland, it isfB

probable that other considerations

also play a part in determining routes

One such factor may be the herring

gull's predilection for soaring—as op
posed to flapping-flight. Gulls, like!



Mii\ other soaring birds, follow the

I e of least resistance. They do not

i |) u hen they can soar, and will often

"(1(1 from point to point by round-

iiii mutes, making use of the upcur-

1 lis (]f air needed to sustain a glide.

ii\ will even seem to "indulge" in

irirm purely for soaring's sake: ob-

\ris in aircraft have identified her-

!ig jiulls at altitudes as high as 8,500

I't. a beha\ ior that probably cannot

! attributed to the search for food.

IkIIcs of water, shores, and beaches,

( cduise, offer whole lanes of uprising

liimns of air. Winds are deflected

I im breaking waves, from dunes,

IjfTs. and banks, and thermal cur-

mts rise over hot sand. In late au-

1111 the water—kept warm by its high

Ima! capacity—may be warmer

Liii the air above it and will itself pro-

(
((' thermal updrafts. If a herring

! 11 is to travel, here are routes neatly

I ted to its form of flight.

If we compare the pattern of move-

iMit just described with the annual

I
ttt'iii of prevailing winds, we find

interesting correlation. Broadly

making, the prevailing winds blow

I im the west over the Great Lakes

id down the St. Lawrence River in

le autumn, shifting in winter to blow

iwn the Mississippi and down the At-

litic coast from the north or north-

I'st. In spring, the prevailing winds

e southerly up the Mississippi.

"lucil a pattern, of course, does not

J describe every wind every day, or

en nearly so. but neither does the

[ivel picture describe the route of

ich and every herring gull. Some
de-wandering birds break the ideal

ittern. moving to the north or to the

?st. but this is decidedly not the

^neral trend. There are, for exam-

e, relatively few recoveries from

ike Superior. Yet this Great Lake is

arcely remote from the breeding col-

lies, and if distance dispersal were

ore erratic, there should be many
|ore recoveries from its shores. In-

;ed, the few most westerly recoveries

the Ludwigs' birds come from the

me of the spring return, rather than

om the winter dispersal. The fact

at these recoveries are from western

ibutaries of the Mississippi suggests

at each represents a "wrong turn"

some southerly junction of waters.

Thus, we have in the pattern of pre-

liling winds another factor that may
;Ip explain the correlation between

Jrring gull dispersal routes and the

Better impression of great distances

traveled by young gulls is given, above.

by isolating only those birds recovered

in the second half of their first year.

Sharply contrasting pattern is seen

by mapping recoveries of all gulls over

a year old. These show a concentration

within 300 miles of original colonies.
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geographical features of rivers and

coasts. Let us envision the young gulls

soaring aimlessly over the shores near

their home colonies. These birds are

affected, each to a greater or lesser

degree, by the pressure of the winds

—the prevailing winds in particular.

Some voung gulls are carried farther

along main thermal lanes than are

others, and eventually turn up on the

Atlantic or on the Gulf of Mexico. In

view of what is described above, their

flight path is perhaps a case of drift.

Drift has recently attracted consid-

erable attention as a major factor in

bird migration. It has been suggested

as a strong influence on the direction

of flight. It has been shown that, in

small birds at least, drift may even

result in extensive loss of life. If we

are to accept the assumption that drift

is a factor in herring gull migration,

two interesting hypotheses follow. The

first is that winds mechanically or

fortuitously push birds along. The

second—and considerably more com-

plicated—is that the stimulus of winds

blowing in a certain direction releases

a "drifting response" in some young

birds and not in others.

IN
the second hypothesis, the drifting

response would presumably be an

inherited feature, one that natural se-

lection would favor in years when a

hard winter kills many young birds

in the North. It would not be favored,

however, in mild winters when the im-

mature bird might stand a better

chance of surviving in the North than if

it made a long and dangerous journey.

The fluctuation between hard and mild

winters, then, could assure that birds

with both genetic attributes would sur-

vive to make up the total breeding pop-

ulation and pass on their "drift" or

"non-drift" characteristics to genera-

tions that face one or the other situa-

tion in their first year. To test either

hypothesis, it is necessary to know
whether the gulls move with the pre-

vailing wind or independently of it.

Once in drift or migration, the young

birds presumably exercise choice

about where they will stop. What is

important for us to know is whether

they choose winds of the correct direc-

tion from the very outset or not.

To say that a species travels by soar-

ing with the wind, however, is not to

say that it does or does not migrate.

Each fall, thousands of broad-winged

hawks pass over Hawk Mountain in

Pennsylvania. The best flights—the
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Dr. Shiith. a research associate of

the Harvard Biological Laboratories,

is now in South America studying the

New World flycatchers. This is his

first appearance in Natural History.

days when the largest numbers of

hawks are aloft—are characterized

by the presence of northerly winds

that directl) assist the birds south-

ward and also provide updrafts by de-

flection off the mountain slopes. These

hawks are migrating, making an ori-

ented movement that takes most of the

population to Central and South

America for the winter and that recurs

with reasonable regularity. The case

of the herring gull, also soaring with

a following wind, is not the same.

In the light of what we know about

the pattern of dispersal shown by the

Ludwig-banded herring gull popula-

tion, we might well inquire if some-

thing similar is common to all popula-

tions of this species in North America.

In the literature on birdbanding, there

are other studies of Great Lakes gull

colonies, and these reveal no tenden-

cies differing from those we have dis-

cussed. Herring gulls born on the At-

lantic coast are somewhat less erratic

in their wanderings than are Great

Lakes birds, in the sense that their

movements are north and south

(mainly south) along the coast from

the colonies, while few birds go very

far inland. European herring gulls are

also largely coastal and show even less

tendency to travel very far. In all

cases, dispersal is erratic, but usually

with a tendency for some of the birds

to move southward in the winter. For

the most part, only young herring

guUs wander any great distance.

SIMILAR patterns can also be found

in many related gulls, such as the

ring-billed gull and several of the

Pacific coast species. Other species

show interesting east-west, rather

than north - south, movements. There

are, however, certain gull species in

which part or perhaps all of the popu-

lation appears to be truly migratory.

Certainly, species like the Franklin's

guU, that graceful, black-headed har-

binger of the prairie spring, quit

their summer habitat fully and spend

the winter where conditions will en-

able them to secure food. In this case,

the entire population goes south, then

returns to the breeding grounds in the

spring. These movements have broad

orientation and timing, but can we say

the same for those of herring gulls?]

In the latter, sexual maturity and

the tendency for long distance disper-

sal seem to be almost mutually exclu-

sive. First-year birds, in their soar-

ing, may provide opportunity for pre-

vailing wnds and thermal lanes to

take them many hundreds of miles.

But. in the spring, they usually return

at least to the vicinity of their birth-

place. In their second autumn, far

fewer birds drift away. Thereafter, as

much of the year as possible is spent

relatively near the colonies.

PERHAPS it is just as well that some

younger birds are able to escape

the harsh northern winter, for mor-

tality among their age group is ex-

tremely high. But such a pattern, in

which the adult members of a species

are largely resident, is not termed "mi-

gratory." It may be termed "partially

migratory" if the young fulfiU the gen-

erally accepted conditions of migra-

tion—that is, a regular movement from

breeding areas to a fixed wintering

area (in the case of most Temperate

Zone migrants ) and back. Such a par-

tially migratory condition intergrades,

however, with one in which the au-

tumnal dispersal of many young birds

follows a less rigid pattern and leads

to less well-defined wintering areas.

This latter condition in many cases is

described as an "irruptive" movement.

Just what term we should use to de-

scribe the young herring gulls' drift-

ing movements is a fine point, but we

should at least have reservations about

extending an already broad term, "mi-

gration." to so many divergent cases.

Whatever term we choose, we may
say that, in most of the herring gull

populations for which we have infor-

mation, the elder birds partake in little

extended travel, while the immature

birds show an annual pattern of dis-

persal in which orientation and timing

are delimited only in a general sense.

The movements of the young birds,

as we have seen, are mainly along

watercourses and coasts where the

birds can take advantage of an aquatic

food source, of lanes of uprising air,

and of prevailing winds. We do not

know to what extent they use the latter

as a form of assistance, nor to what

extent they avoid being aloft when the

wind is blowing in the direction of an

unfavorable habitat; but we hope to

find out more about this, and thus to

be able to understand more fully the

migratory behavior of the herring gull.



DISTANCE FROM COLONIES

Birds in first year, part of the total of 1,T43

gulls of all ages recovered, ore graphed, obove.

Although many stay within 300 miles, significant

numbers of these young gulls go greater distances.

BIRDS OVER ONE YEAR OLD

0.5% 0.5%

In contrast, this graph of recoveries of the older

birds reveals very few moving beyond 300

A breakdown of figures shows that the older the

bird, the closer to colony it is lil<ely to remain.
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SKY
REPORTER

The constellation Draco and

the earth's wandering pole

By Simone Daro Gossner

IN THE PAST YEAR we have reviewed how astronomers

and cosmologists of past centuries were able to in-

terpret their observations and gradually to understand

the structure of the universe. In contrast to this historical

approach, we propose to devote this year's series to a

casual survey of the heavens as they appear to the modern

observer. As the occasion arises, we shall dwell at some

length on unusually interesting regions and remarkable

telescopic objects, but our principal purpose will be to

outline the broader features of the celestial sphere and to

explain the physical phenomena from which they arise.

The earth's rotation on its axis and its annual revolu-

tion around the sun are two of the principal factors that

determine the appearance of the night sky. The earth's

daily rotation causes the sun, moon, and stars to rise

east of the local meridian and to set west of it. This does

not alter the relative positions of constellations, because

the entire sky appears to rotate as a solid sphere; only

the direction in which a particular constellation is to be

found changes continuously through the night.

To this daily, or diurnal, motion is superposed the effect

of the earth's annual revolution around the sun. If stars

could be seen in the daytime, the sun would appear against

a somewhat different background every day as the earth

pursues its yearly course. This effect may be re-created

as follows: place a chair (the sun) in the middle of the

room and, facing it at all times, walk sideways around

it. You (the earth) will see the chair outlined successively

against all the objects (distant stars) that line the four

walls (celestial sphere). The constellations visible during

the hours of darkness are similarly displaced from day
to day, in a yearly cycle. (Repeat the above experiment

with your back to the chair, instead. This will simulate

the direction opposite the sun, or nighttime.)

The apparent course of the sun, called the ecliptic, tra-

verses all twelve constellations of the zodiac. Because
the moon and the planets never stray very far" from the

plane of the earth's orbit, they, too, are always found
near the ecliptic. Thus, zodiacal constellations provide a

ready frame of reference for one's orientation in the sky.

A third factor governing the general appearance of the

heavens is the position of the solar system within the

Milky Way Galaxy. This vast aggregate of stars, gas, and
dust presumably contains a dense nucleus encircled by
enormous spiral arms, the whole system being approxi-

mately disk-shaped. The sun is located off-center, near
the plane of the disk. Accordingly, the Milky Way appears
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Circle surrounding Draco, above, reproduced here from the
plate in Hevelius' Prodromus (1690), traces the path that

on the celestial sphere as a broad luminous band, forming
almost a great circle. Within this band He some of the

most beautiful objects visible through large telescopes.

The Milky Way may thus be considered as another funda-
mental frame of reference in the sky.

THE appearance of the sky has changed appreciably

within historic times, because of the peculiar be-

havior of the earth's polar axis. At present, the north

end of this axis points almost exactly toward the last

star in the tail of Ursa Minor (known popularly as the

Little Dipper). That star is called Polaris—or the pole

star—for this reason. However, the direction of the

earth's axis does not remain fixed; it describes a com-
plete circle on the celestial sphere in approximately
26,000 years. Centered roughly on the constellation Draco
(see illustration), this motion carries the north celestial

pole near Alpha Draconis (where it was about 4,000
years ago), through its present position in Ursa Minor,
then on to near Alpha Cephei {ca. a.d. 7500), and on to

near Vega (which will be the pole star in A.D. 14,000)

.

The direction of the polar axis, in turn, determines the
location of the celestial equator, which may be imagined
as the extension of the earth's Equator onto the celestial

sphere. At the spring equinox, the sun—following the



be earth's polar axis pursues every 26,000 years. The
ole star, 4,000 years ago, was Alpha Draconis, at right.

rliptic—crosses the Equator from south to north. Ac-

oiding to a tradition of twenty centuries' duration, this

(|uinoctial point is still called the First of Aries. But the

ir( ular motion of the pole is reflected in a similar

otatiun of the celestial equator, with the result that the

iist of Aries regresses continuously through the zodiac

in a direction opposite to the apparent motion of the

un I and goes full circle in 26,000 years. By now, the

"irst of Aries, belying its name, is well out of that con-

tellation and lies somewhere in Pisces, almost 30° away.

Although the time of year is important in determining

vliat part of the sky may be visible, the observer's lati-

ude plays an even more restrictive role. Because of the

earth's diurnal rotation, each star describes a circle

iround the pole (i.e., a small circle, parallel to the

liquator ) . An observer in the northernmost reaches of

he Arctic would see the north celestial pole nearly over-

lead: the celestial equator would lie essentially in his

lorizon, and all stars south of the equator would remain

jerpetually out of sight. Near the South Pole, the situa-

ion would be reversed, and only southern stars visible.

In theory, an observer located at the Equator and

patient enough to watch every night, would eventually

see every inch of the celestial sphere, since the North

Pole would lie on his northern horizon, the South Pole

on his southern horizon, mid the llijtialor u(ju1(I n-adi

from east to west across his zenith. In fact, he would iiol

do quite as well, because of the haze and occasional land-

scapes, which hamper observations near the horizon.

These extreme cases are seldom encountered, anyway,
and most people look at the sky from some intermediate

latitude. A convenient rule of thumb to remember is that

the elevation of the pole above the horizon is always
equal to the observer's latitude. Thus, in Philadelphia,

for example (latitude 40°N. I, the North Pole has an al-

titude of 40°, and stars within 40" of the pole never set.

But this means also that the Philadelphian, facing south,

sees the celestial equator cross his meridian at an eleva-

tion of 50° (.50 + 40=90). Thus, every clear night he

may see. above his southern horizon, a few stars which,

optimistically, may be as much as 40° or 45° south of

the equator. With persistence, an observer at that latitude

may eventually see 70 to 75 per cent of the entire

celestial sphere; but he will never see the southernmost
stars. Regrettably, some of the most beautiful objects

in the sky are found in the Southern Hemisphere—the
Magellanic Clouds, the Southern Cross, and some of

the richest regions of the Milky Way.

AS the zodiac and the Milky Way provide large scale

means of orientation, the constellations serve a

similar purpose for smaller areas. For the most part,

constellations are fortuitous groupings of stars, which
happen to lie in the same general direction from the

earth. But their distances may differ greatly and. as

each star has an individual space motion, the shape of

a constellation may change progressively over the cen-

turies. They are sufficiently permanent, however, so

that we still recognize the forty-eight constellations of

the ancient Greeks. To these, a few have been added in

modern times, particularly in that part of the southern

sky that was not visible from the Mediterranean area.

Although we treasure the mythological figures that

adorn them in old star atlases, we have almost forgotten

that, for a long time, these figures were the only means
of designating a star's position. To the end of the six-

teenth century, stars in Draco, for example, would be

described as being "over the right eye," "at the extremity

of the head in front of the right ear," "following the

third twist of the serpentine body," and so forth. This

practice explains the great similarity of design found in

illustrations of constellations, from the medieval codices,

through the block books of the Renaissance, to the copper

engravings of the seventeenth and eighteenth centuries.

Each artist expressed the taste of his times: the hat of

Cepheus, the robes of Virgo, the armor of Perseus were

altered at will. But the right eye of Draco was always

beneath the same star and its serpentine body always

showed the traditional number of twists.

Modern astronomers had to forego these picturesque

designations and substitute a more utilitarian system of

co-ordinates when the introduction of the telescope, and

later of photography, so increased the number of known
stars that the need for a precise mode of identification

became imperative. The old names of constellations are

still used, and we shall refer to them throughout this

series, but their boundaries have been redrawn for the

sake of uniformity. Stars within them may have a Greek-

letter name if they are bright, or onlv a serial number.
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THE SKY IN JANUARY

From the Almanac:

New Moon
First Quarter

Full Moon
Last Quarter

January 6. 7:36 A.M., EST
January 13, 12:02 a.m., EST
January 20, 1:17 P.M., EST
January 28, 6:37 P.M., EST

The earth will be at perihelion on January 2. On that

date it comes closest to the sun on its yearly journey and,

in accordance with Kepler"s laws of planetary motions, it

travels at its greatest orbital speed.

For the visual observer:

The planets make a poor show this month, being in

general too close to the sun to be observed.

Mercury, in the evening sky. will be at its greatest east-

ern elongation on January 20. It should be visible low

over the southwestern horizon near that date. At elonga-

tion, the planet's magnitude will be —0.6 and it will set an

hour and a half after the sun, whereas it will set only forty

minutes after the sun on January 1. and one hour after

the sun on January 31.

Venus, in the morning sky until January 27. will rise

twenty minutes before sunrise on January 1 and will re-

main too close to the sun to be observed during the entire

month. The planet will be in superior conjunction on

January 27 and will enter the evening sky on that date.

Mars, in Sagittarius, has barely passed conjunction. It

will be faint (-f-1-5 magnitude) and inconveniently close

to the sun throughout the month. Mars will be in the morn-

ing sky but. even at the end of January, it will rise a scant

thirty minutes before the sun.

Jupiter, in Capricornus (—1.-5 magnitude), will be ob-

servable in the early evening hours during the first half of

the month. Low in the southwestern sky at dusk, it will

set two hours and a half after the sun on January 1, and

one hour and a half after the sun on January 15. By the

end of the month it will set only thirty minutes after sunset

and will be too close to the sun for observation.

Saturn, also in Capricornus ( -|-0.8 magnitude), will be

in conjunction with the sun on January 22 and will be lost

in its glare for several days on either side of that date.

Thus, it will be observable only during the first few days

of the month. On January 1, Saturn will set approximately

one hour and a half after sunset.

IN
the absence of suitable planets, the amateur ob-

server may wish to familiarize himself — or renew ac-

quaintance — with some of the bright stars in the January
evening sky. Facing south near the time indicated on the

map, and starting with Capella (nearly overhead), one

can identify successively Aldebaran (in Taurus), Betel-

geuse and Rigel (in Orion), and Sirius (in Canis Major),

which will lead the viewer in a loose zigzag to the south-

eastern horizon. Worthy of note is deep-red Betelgeuse,

whose radius is belie\ed to exceed one and a half times

the radius of the earth's entire orbit. Betelgeuse's brightness

varies irregularly from -|-0..5 to -|-1.1 magnitude. It is

suspected that this variation in magnitude may be caused

by a slow pulsation of the star.

On the precedin;; papes. Mrs. Gossneh offers llie firsi

in Iicr \<)(,2 -,ri.--n siinry of tli.- <-.-lrMi;il -plu-r.-.
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TIMETABLE
January 1 10:30 p.m.

January 15 9:30 p.m.

January 31 8:30 p.m.

(Local Standard Ti
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Bears
Seldom-observed behavioral traits may

vindicate a reputedly dangerous animal

By Peter Krott

IT
IS GENERALLY KNOWN today that

bears — whether American black

bear, brown bear, grizzly bear, or

polar bear—are not suitable as pets,

and that they make dangerous and dis-

agreeable wards even in zoos and cir-

cuses. To what extent this also holds

true for the moon bear—the Asiatic

cousin of the American black bear—

for the Malay bear, for the sloth bear,

and for the spectacled bear, is not in

discussion here. It is known, further-

more, even though the subject is un-

popular, that in the American national

parks a number of visitors are more
or less seriously injured by bears each

year. Thus, whether in captivity or in

the freedom of national parks, these

droll and amiable-looking animals

prove to be more dangerous to human
beings than are, to take extreme ex-

amples, lions, tigers, and wolves. At

the same time, one seldom hears of a

bear of any species, living undisturbed

and unmolested in the wild, attacking

a human being, while such is not the

case for lions, tigers, and wolves.

Beyond this, it is perhaps significant

that our ancestors did not domesticate

the bear, although they could well have

had reason, as well as opportunity,

to do so. The bears would have con-

stituted strong beasts of burden, not to

mention a first-class source of meat

and fat, and the)' could have been fed

more easily in the northern barren

lands than could horses, cattle, or pigs.

We know that many forms of bear

cults are spread over wide areas of the

primitive world. Many animals used

in cults may well have constituted the

earliest forms of today's domestic

animals. With the bear, this was cer-

tainly not the case.

In the course of recent research, let

it be said at the start, I had no inten-

tion of venturing to solve the "secret"

of why bears are dangerous. Rather, in

June. 1958. I had merely undertaken

the interestina; and 2:ratifvins; task of

Bear cubs, seen here tumbling in an

alpine meadow, devote very little time

to such play. Unlike many other young
animals, bears stay busy hunting food.
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After being fed by bottle until about
five months old, bear cubs were given

studying the way of life of the last of

the brown bears (Ursus arctos) , which
exist in Central Europe (in an area

in the Italian Alpsl. Day after day,

I lived with and observed bears in

complete freedom. It was as a by-prod-

uct of these observations that one day
I realized why bears in contact with

human beings can, and under certain

conditions must, become dangerous.

1.\ February, 1959, I obtained two
four-week-old bear cubs from

Czechoslovakia — a male I called

"Bumsli," and a female known as

"Sepha." At first,.! bottle-fed them in

my home in the village of Carisolo.

which lies in the midst of the Italian

bear district. I then moved up into the

mountains with them and set up my
headquarters in an abandoned moun-
tain hut. There Bumsli and Sepha were
allowed to move about freely and
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%
complete freedom and, with it, the need
to conduct their own searches for food.

could live and go as they pleased. An
old goat stable next to my hut served

as a den to which they retired volun-

tarily when they wished to sleep. I did

not make any attempts to "tame" my
bear cubs, to train them, or to keep

them as pets. Bumsli and Sepha knew
neither chains nor cage, and were not

permitted to enter my hut. Nor, once

weaned, were they fed by me: instead,

they were forced to forage for their

own food, for my purpose was to learn,

with their help, the various articles on

which the Eurasian brown bear feeds.

Since my wife and our two children

also lived with me and the bears, at

least from time to time, several per-

sons advised me to give up the ven-

ture. They gave three reasons for the

dangers involved for human beings in

close contact with bears. First, it was
said, man cannot tell from a bear's

facial expressions when it is in bad

temper and, therefore, cannot retreat'

in time. Second, the bodily strength'

of a bear is so great that even an un-

intentional blow with its paws—as, for

instance, in play—can kill the keeper.

Finally, these advisers warned, bears'

"nervousness" and the ease with which

they can take fright is such that, at any

moment, the animal can turn aggres-

sive and seriously endanger a human
being who stands nearby.

W
THE first point—facial expression—

I soon discovered to be incorrect

Even my two sons, six and four years

old at the time, were able to read the

facial expressions of Bumsli and Sepha

dependably and tell exactly what was

up. In fact, from a bear's eyes and its

very mobile nose one can readily inter

pret precisely what mood the animal

is in. This first danger, therefore, we
could put to one side.

The third danger of which we were

advised did not play any important

part in our lives, either, because noth-

ing prevented Bumsli and Sepha from
turning to flight when frightened.

They took ample advantage of this

opportunity, so that their fear never

had cause to turn into aggression

toward any member of our family.

But the second point, the danger

from an unintentional, playful stroke

with the paw, seemed to me to be of

importance. However, I sooii realized

that bear cubs, when growing up in

the absolute freedom granted to Bum4n

Unlike true cahnivores, who depend L
solely on meat and carrion, bears can £



and Sepha, play very little—much
than do other young beasts of prey

I 3ve observed. This seems to be be-

: se they have no spare time: they

a mostly occupied with the search

I food, and at other times they are

r ing. I discovered, furthermore,

.1 1 they seldom play even with their

n ther (or the living being whom they

r Dgnize as their "mother"—in this

: e, my wife and 1 1 . They play more

f juently with each other, and they

t id to play with our children, too.

it such times, there was nothing to

[j but intervene and separate children

a I bears, much to the disappointment

p all parties. Although, as the boys'

f ler, I had to be cautious. I am still

p convinced that the bears would

fc
re hurt the children, even uninten-

t lally. The bears' invitation to play—

a well as their playing itself—was, in

t, extremely timid, and even tender.

ey were far less wild than, for in-

nce, the young wolverines with

ich we had lived in Sweden a few

irs before ( Natural History, Feb-

iry, 1960). On the contrary, when

fs and bears played together, the

mer were very frequently the ones

o were more brutal.

Thus, I came to realize that the

sons given by zoological colleagues

to why bears are dangerous could

ther be the only reasons, nor the

St important ones, for our life to-

her with Bumsli and Sepha went

ng splendidly. We were not the first

lijularly supplement such a diet with

i
ass. berries, insects, and even worms.

Unconfined, browsing bears, in midst

of trees to climb and with water near

to experience such a relationship. I

knew of three authentic cases in which

men lived peacefully, and without ac-

cident, together with bears, even after

the animals were fully grown.

THE Swede Hj. Edstrom, on his

way back from the Russian polar

coast, became lost in the taiga, but was

fortunate enough to meet a fur hunter

who took him in. gave him shelter and

food, and then led him out of the

wilderness. Edstrom reported that the

hunter lived in a cave with a huge bear

that he had named "Serge." For years,

the animal wandered in and out of the

cave with the greatest freedom. It even

accompanied the hunter now and then

on his forays, but otherwise searched

for its ow n food in the taiga.

Again, the Swedish forester G.

Schroder, in the year 1865, came upon

a bear's den. killed the mother, and

by, were perfectly tractable, and even

apparently enjoyed human company.

took two cubs. He bottle-fed the fe-

male in his home and let her run free

around his secluded property for near-

ly three years. No accidents occurred.

Finally, the famous James "Grizzly"

Adams, who lived in the mountains of

California during the first half of the

nineteenth century, had. altogether,

four adult grizzly bears that followed

his every step in complete freedom.

One even carried his hunting equip-

ment and served him occasionally as

a riding animal. Adams, too. never

was hurt by his four bears while he

shared the wilderness with them.

Surely. I thought, what had been

carried through successfully three

times in the past I, too. should be able

to accomplish. And I did succeed, for

—exactly as my predecessors in similar

circumstances— I apparently managed

to do the right things in my dealings

with these "danaerous" animals.
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STARTING ill April. 1959. when we

were still living in the village with

our three-month-old cubs, we would

sometimes offer them cookies, pieces

of cake, apples, and other choice bits

of food. In doing this, we obser^'ed

that our bears enjoyed the delicacies,

but would never take them out of our

hands. They ate the food only when

we put it on the ground.

We did not pay much attention to

this curious behavior, especially since

we had. of course, no intention of

training or even feeding the animals

when weaned. Besides, at that time,

we took walks with them through the

woods along the river that runs near

our village, and there they had the

opportunity to supplement their diet

with leaves, grass, and ants.

After our move up to the mountains,

we had no more chances to observe

how Bumsli and Sepha reacted to prof-

fered food, since we could no longer

afford extras for them (we had enough

Dr. Krott has spent the last three
years in the Italian Alps studying
bears, using the same methods that he
applied in Finland and Sweden before
writing his noted book on wolverines.

to do to lug our own ) . Once, on a walk

that we took early in July, 1959, Bum-
sli suddenly started sniffing at a pocket

in which my wife kept small test tubes

of alcohol and ether for collecting in-

sects. He tore out these tubes, pulled

off the corks, and then devoured both

corks and contents. During all this,

he growled ferociously, and would no

doubt have bitten my wife had she

attempted to take her equipment away
from him by force.

AFTER this warning, we took care

to carry nothing edible—or any-

thing that the bears might deem edible

—in our pockets when we went out

strolling with them. From this point

on, we also had to stop carrying our

own food in a knapsack, and were

forced to discontinue pleasant little f

picnics in the grass. With rumblin

stomachs, we would accompany Bum- n)

sli and Sepha, and only too often my in

mouth watered ^vhen I watched the

bears eating the provender nature

so abundantly afforded them.

When, toward the end of July, the

first raspberries and blackberries rip-

ened, our fasting time came to an end.|)i

We and our children unhesitatingly

plucked the juiciest fruits, with no

heed to any possible attacks by the

bears. And, lo and behold, there were vi

no attacks! We could pluck berries

from the same bush, the same twig,jie

even the same cluster, alongside Bum-
sli and Sepha. Had we wished, of

course, even earlier we could have|)

browsed or dug for worms alongside

them: later, when Bumsli and Sepha s

ate sheep and goats, they allowed us to

cut off a piece of the prey ourselves, if

or to stand near as they fed.

When iibrrif.s were ripe, author's family lould accoiMj.aiiy
bears on forapinp trips and even pick from the same hushes.
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Wi- fouml, in fact, that we cuuld do

(T) thing they did. However, we were

>l |H'rmitled to eat anything, or hold

i\ thing in our hands that they de-

11(1 and were unable to obtain, or

ilaiiied too slowly.

riiE revelation came to us: any-

thing edible that is in motion sig-

fies, under any circumstances, prey

T the bear. Furthermore, this animal

)viously lacks both the ability to be

d and the associated ability to learn

recognize and accept, in any posi-

ve sense, a feeder.

At this point, we must note that all

embers of the bear family (Ursidae )

•e, in many respects, very peculiar

limals. Phylogenetically. they belong

our more recent mammals; in the

irliest Pleistocene they were not rep-

sented in the form of any of the now
:isting species. Physiologically, they

e true carnivores—at least this is true

the American black bear, brown

BuMSLi AND Sepha often demonstrated

restrained affection for their adoptive

bear, polar bear, and grizzly bear-

but they cannot hunt enough warm-

blooded prey or find enough carrion

in every region they inhabit. They

are, therefore, also forced to feed on

insects and vegetable matter. At a

certain season ( before their winter

"sleep" I . they particularly need starch

and sugar: this they find mainly in

fruits and berries (the polar bear, too.

likes to browse on whortleberries and

cranberries whenever they are avail-

able) . In the functioning of their nour-

ishment cycle, therefore, bears behave

partlv like carnivores and partly like

herbivores. And that is the crucial

point of interest to us here.

AMONG most true mammal preda-

^ tors, the mother I sometimes also

the father, or both parents together I

carries the first gobbets of flesh to the

young, chews them for the babies, and

at times even feeds them directly. With

the bear, it is different. The female

brings forth her young in her winter

den. which she leaves only later, to-

"mothers" and were friendly except if

templed by concealed or visible food.

gether with the cubs. Bear cubs are

constantly near their mother. Thus,

the female bear has no occasion to

hunt for prey and carry it to her young

(the males do not take care of their

offspring in any way ) . At winter's

end, the mother bear leads her young

to food, but she never feeds them.

That, I think, is why Bumsli and

Sepha, at first, did not want to accept

any food from us when we held it in

our hands. In true bear fashion, they

accepted from us. as their "mothers."

only milk from the bottle. When we

offered them milk in a bowl, they stub-

bornly refused to drink it.

Still, this does not explain why later

they did not want to be fed, and why
they could never learn to leave us in

peace when we carried edibles in our

pockets. Even elephants, which, like

bears, do not carry food to their young

but lead them to it, can easily become

accustomed to being fed. But with the

bear there clearly exists some great,

even crucial, behavioral obstacle.

By approximately their seventh
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A THWARTED RAID Oil pantry reveals length of bear's claws,

potent arguments against human attempts at hand-feeding.

Typical behavior of bears included touching face of the

author with snouts, right, but they were shy with strangers.

month, the bears' predatory behavior

—at least in the Eurasian brown bear,

as I had opportunity to observe—has

been fully developed. The ethologists

would say that the appropriate neu-

romotor pattern has matured. From
that time on, the bear reacts to food

objects in motion, whether these be a

mouse dashing by, a piece of sugar

that is carried in a pocket, or an apple

held out to it in a hand, as it would to

prey that has to be seized—it slashes

at it with its paw.

To summarize: a herbivore can be

fed because its body is not in any way
adapted to the movements necessary

for seizing prey. Many carnivores, in

turn, acquire the ability to be fed as

a result of parental attention. The bear

lacks this ability and evidently cannot

acquire it. That, I believe, is the decid-

ing factor in the danger of bears liv-

ing in contact with men. The way to

the bear's heart is not through its

stomach; that is what is hard for hu-

mans to understand, since we our-

selves are capable of being fed, as are

others among the true predators.

THIS, then, is the reason for the

numerous accidents caused by

bears in the national parks, where they

are fed with great enthusiasm (and

through greater ignorance) by the

visitors. It is also the reason why zoo

and circus bears never become com-

pletely "hand-tamed." Furthermore, it

explains why it is scarcely convenient

to keep any American black, brown,

polar, or grizzly bear as a pet.

On the other hand, the Russian fur

hunter, the forester Schroder, and

"Grizzly" Adams, in their isolated

habitations, presumably had just as

little food available for their bears

as we did in our Italian Alps. Their

wards were thus forced, as were Bum-
sli and Sepha, to forage for them-

selves. These men. like us, were never

hurt by their bears. Here, it seems

to me, lies the main reason why the

bear has never developed into a do-

mestic animal: a wild creature that

does not permit itself to be fed will,

in all probability, react aggressively

to any feeding attempt. Such an ani-

mal cannot readily be domesticated!
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WASHINGTON NEWSLETTER
By Paul Mason Tilden

The Congressional "Vacation"

DURING THE LATTER PART of Septem-
ber, the House of Representatives

gathered its members together, passed
a supplementary general appropriations

bill, sent it to the Senate on a "take-it-

or-leave-it" basis, and cheerfully de-

parted a city that had offered a steady

summer diet of 90° plus weather. The
bill contained a number of items highly

distasteful to many Senators; yet, faced

with the alternative of no appropria-

tions bill or a special session of Con-
gress, the Senators passed the bill with

many a cry of injured dignity, and then

went off to their homes, too.

It was the end of the first session of

the Eighty-seventh Congress, and Con-
gressmen from both houses dispersed

about the country and into foreign lands

on what is commonly supposed by the

public to be a "vacation" — those few
months between the first and second
sessions of a Congress. Actually, for

many Congressmen, the hiatus is hardly

a vacation in the accepted sense. It is

rather a time to devote to more work,
political and otherwise.

Not only does the recess give a Con-
gressman a chance to hold a moistened
finger to local political breezes; it also

provides the conscientious officeholder

with an opportunity to further his knowl-
edge and improve his judgment on
matters that concern his committee or

subcommittee assignments, which may
be many. And, truly, it is in the com-
mittees and the subcommittees that the

real work of Congress is accomplished.
Many Senators and Representatives

use part of their interim vacation to in-

vestigate the bills referred to their com-
mittees or subcommittees. To make an
intelligent estimate of a bill, a commit-
teeman must at the very least be con-

versant with many of its details. During
his spare time he may hold hearings,

visit sites, estimate costs, talk with
experts and specialists, sound out local

sentiment, and in general formulate an
accurate picture of the matter under

consideration. Accuracy is essential in

his committee reports; he is well aware,

or is soon made aware, that the bills he
will consider or amend in committee
will almost certainly come under the

merciless scrutiny of an opposition eager

to expose every flaw and every misplaced
comma. A bill must say what it means.

Thus, for many Congressmen, the

end of a first session is not the signal

for playtime; it merely sounds the bell

for more working days.

Defeat at the Bridge

THE 1961 defeat of conservationists

at Bridge Canyon, in the "slickrock"

wilderness country of southern Utah,

might well be likened to the disaster

suffered by General George A. Custer

and his detachment of Seventh Cavalry

troopers on the Little Bighorn River,

some hundreds of miles to the north, in

the summer of 1876. In both cases the

struggle was bitter and courageous, and
conducted against great odds; in both

cases, also, the outcome was absolutely

permanent in nature.

As predicted in this column (Natural
History, June-July, 1961), the fight for

some sort of protection for tiny Rainbow
Bridge National Monument was perma-
nently lost in the first session of the

Eighty-seventh Congress. On a close

vote, the House Appropriations Commit-
tee rejected a subcommittee recommen-
dation for funds to protect the monument
from the rising waters of Lake Powell,
behind the Glen Canyon Dam of the

Upper Colorado River Storage Project.

A last-ditch amendment to restore the

appropriation—made on the floor of the

House—was ruled out of order by the

parliamentarian as an attempt to legis-

late in a money bill. The fight was lost.

"The Committee," said the House re-

port, "continues to see no purpose in

undertaking an additional expenditure
in the vicinity of $20,000,000 in order to

build the complicated structures [a bar- I

rier dam in Bridge Canyon] necessary '

to provide the protection proposed."
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nservationists felt that figure was high

at least three times the sum needed,

d that the comment came rather lamely

)m a Congress that had just authorized

jrecord $96 hillions for other purposes.

The same arguments that have been

ard for several years defeated the pro-

I'tion money. Lake waters would do

damage to the famous bridge, either

lysically or scenically; protection is

jit economically feasible; what harm
»uld the backed-up water do, anyway?

It was urged that the real question

IS one of principle. Should, or should

it, man-impounded waters be allowed

intrude into units of the National

irk System? Despite a previous com-

itment to the contrary, Congress ap-

irently felt that they should . . . and

at was unalterably that.

Parks

"he first major addition to the na-

tional park system since the estab-

ihment of the Virgin Islands National

irk in 1956 was accomplished during

.e first session of the Eighty-seventh

ongress, when 26.670 acres of outer

ape Cod, Massachusetts, became the

mntry's first National Seashore. (Cape

atteras, which is the only other com-

irable area in the park system, is a

ational Seashore Recreational Area.)

The bill, signed by President Kennedy

1 August 7 to create the Cape Cod pres-

•vation, was authored by Senators

altonstall and Smith of Massachusetts,

ith a number of amendments—making
le bill acceptable to the House—agreed
pon by a House-Senate conference

)mmittee. Of chief importance among

Iie

amendments was one preventing the

ecretary of the Interior, under whose

irisdiction the new area falls, from

icurring obligations for land purchase

I advance of Congressional appropria-

ons. This provision inspired a number
f Cape developers and citizens—owners

f land to be included in the Seashore—

) apply to town authorities for building

I alteration permits, apparently under

le impression that property improve-

lents would place them in an advan-

tgeous position when it came lime for

settlement with the National Park
ervice. A few permits were issued.

Late in the session, however, a supple-

lental appropriations bill authorized

ome money for land acquisition. Conser-

ationists did not miss the implications

f the authorization-without-appropria-

lon variety of legislation, as it applied

3 several other national seashores that

will doubtless be considered by Con-

gress during the next .session. Notable

among these are Point Reyes in Califor-

nia and Padre Island in Texas.

Ever since the opening of the Eighty-

seventh Congress in January, 1961, the

National Park Service has brought forth

several reports and proposals for major
additions to the park system. Ordinarily,

a printed report and proposal is inter-

preted as an indication that the Service

has completed its formal study of a pro-

posed preservation; that its biologists,

eoologists, botanists, geologists, park

planners, and others have completed

their studies and made their reports;

that the reports have been evaluated by

Service headquarters in Washington;

and that the Service is ready to see legis-

lation introduced into Congress to ac-

quire an area for preservation.

Thus, proposals have been made in

the past few months for the establish-

ment of an Allagash National Recreation

Area of nearly 300,000 acres, located in

the wild and largely unspoiled Allagash

River wilderness country of northwest-

ern Maine; for a Prairie National Park

of about 57,000 acres in Pottawatomie

County, Kansas, for the preservation of

a representative sample of the scenery,

plants, and animals of the original

American prairie; and, most recently, a

proposal for the establishment of the

Sleeping Bear National Seashore—77,000
acres of superb beach, dune, forest, and

lake on the northwest coast of Michi-

gan's Lower Peninsula, in Leelanau and
Benzie Counties.

The outlook for eventual incorpora-

tion of these areas into the national park

system, as seen by the writer:

Allagash Recreation Area. Barring a

profound change in attitude on the part

of the people of Maine and their repre-

sentatives, the prospect is dim, indeed.

Paper and lumber company opposition

is strong, and paper and lumber play a

vital part in the economy of this state.

As yet, no legislation has been intro-

duced into Congress on the subject.

Prairie National Park. Opposition al-

most entirely local, and not severe. Leg-

islation to establish such a park has

been introduced; outlook judged good.

Sleeping Bear National Seashore. Op-
position mostly local, but strong. Out-

look, perhaps fair. Legislation to create

area has been introduced.

The Mount Vernon Dispute

A
controversy that has been simmering

for several years on the doorstep of

the nation's capital was suddenly settled

in the first session's closing hours.

For some time, the Washington Subur-

ban Sanitary Commission had contem-

plated erection of a huge sewage

disposal plant on the Maryland shore

across the Potomac River from stately

Mount Vernon, historic shrine near
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NATURALISTS
NATURE LOVERS

WILDLIFE PHOTOGRAPHERS

Enjoy a nature vacation in the scenic Elk
Refuge Region near famous Jackson Hole,
Wyoming, — in the beautiful Snake River
Valley.

On foot, or horseback, or "four-wheel-drive",
watch the Elk in spring migration to the

higher mountains from their winter refuge.

See Bear, Moose, Badger, Coyotes, Deer,
active Beaver colonies, Mountain Sheep,
Trumpeter Swans, Sandhill Cranes, Bird life

varied and abundant. Adjacent to Elk and
Bison refuges, and to Grand Teton National
Park. IVrile for Bird List.

Open all year, - WINTER SPORTS, and
WINTER ELK FEEDING ON THE
RANCH.

NEW MODERN CABINS
Excellent Meals — Reasonable Rates.

Best observation season for Elk migration
May first to June fifteenth.

For rales, and descriptive literaliire.

Write to

BEAVER VALLEY RANCH
Frank and Kallierine Foster

Box 551-A Jackson, Wyoming

Gifts With a Future

Tliis Is the American Earth
Ansel Adams, Nancy Newhall.
Dignity, force and beauty in a

book that is a timeless gift. It

combines magnificent photo-
graphs and moving verse to cre-

ate an experience that will reveal

something new each time you
read it. $15.00

Words of the Earth
Cedric Wright, Edited by Nancy
Newhall. "It is Mr. Wright's gift

to show us the 'unmarked face of

America's wilderness' with such
clarity, grandeur, or intimacj'-

that one dwells for a time in the

scene and can turn to it again for

refreshment." Edward Weeks,
Atlantic Monthly. $12.50

(Both books 10^4 x 13 V2)

Just published:

Wilderness: America's
Living Heritage

Edited by David Brower. What
wilderness has meant to a na-
tion's fabric, to its art, to its

shape, and to its future. 32 pages
of illustrations. $5.75

Sierra Club Books
220 Bush, San Francisco 4, Calif.
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ANTHROPOLOGICAL
PAPERS OF

THE AMERICAN MUSEUM
OF NATURAL HISTORY

Current reports of the Department of Anthro-
pology are published in the Anthropological
Papers, a series established in 1906 and
devoted exclusively to anthropology. Prior

to 1906 anthropological reports were pub-

lished in the Bulletin, with the exception of

the large special reports published in the
Memoir series.

Selected Papers:

Archeological surveys in the Zhob and Lora-

lai districts. West Pakistan, by Walter A.

Fairservis, Jr. Vol. 47, pt. 2, pp. 273-448,
pis. 14-38, 84 figs., 7 tab., 500 designs,

1959. $4.00

The archaeology of coastal New York, by
Carlyle Shreeve Smith. Vol. 43, pt. 2, pp.

91-200, pis. 8-15, 3 figs., 5 tab., 1950. $1.50

Giant early man from Java and South China,

by Franz Weidenreich. Vol. 40, pt. 1. pp.

1-134, pis. 1-12, 28 figs., 1945. $2.00

Ipiutak and the Arctic Whale Hunting cul-

ture, by Helge Larsen and Froelich Rainey.

Vol. 42, pp. 1-276, pis. 1-101, 60 figs., 4
tab., 1948. $10.00

Poverty Point, a late archaic site in Loui-

siana, by James A. Ford and Clarence H.

Webb. Vol. 46, pt. 1, pp. 1-136, pis. 1-6, 45
figs., 9 tab., 1956. $2.00

Complete sets of the ANTHROPOLOGICAL
PAPERS are still available. Full particulars

supplied upon request.

Orders should be accompanied by checks or

money orders made payable to The Amer-
ican Museum of Natural History. Direct all

correspondence and orders to:

The Librarian, Dept. A
American Museum of Natural History

Central Park West at 79th Street

New York 24, New York

Wildwood Nature Camp
Operated by

Massachusells

Audubon Society

Boys and Girls

9-14 years 4
A progrom of NATURAL SCIENCE de
to stimulate interest and develop skills for
enjoying and understanding our environ-
ment. Wholesome foods and outdoor living
emphasized. David R. Miner, Director

Cooks Canyon Wildlife Sanctuary
Box No. 638B Borre. Moss.

CATCH THEM ALIVE AND UNHURT!

Easy to use!

- Catches More!
Amazlnc HAVAHABT trap captures raiding rain, rab-
bin. Kjulrreln. skunkj. weaicis, etc. Takes mink, coons
without Injurj-. mrarlns pets, poultry released unhurt.
Easy to use—open ends (tlve animal confldence. No Jaws
;' '^l",?i \" ''.'?">'' Galvanized. Sizes for all needs. Send
for FRfcE booklet on Irapplni! secrets Illustrated by Carl
Burcer.

HAVAHART, 1S8-J Water Street, Osslning, N. Y.
Please send rac FREE new 48-paKC booklet and orlcc list.

Ad<]reiB_

Alexandria, Virginia, and a bare ten

miles south of Washington. Mount Ver-

non, prime yearly target for hundreds of

thousands of visiting American men,

women, and children, is the estate of

George and Martha Washington, kep

intact and immaculate by the Moun
Vernon Ladies Association. Despite out

raged cries of various people and organi

zations including Senators, Representa

lives, Governor Almond of Virginia

park people, conservationists, and home
owners along the Maryland shore-

Maryland officials seemed little inclined

to attach much importance to the brutal

case of aesthetic assault and battery, and

even less inclined to seek a more fitting

site for the treatment of sewage. They
went so far as to decline a Congressional

request for postponement of construc-

tion activities pending a further study

of the matter. They went too far, as it

turned out. A House Joint Resolution,

sponsored by staunch conservationist

John Saylor of Pennsylvania, whipped

through both House and Senate, and was

sent immediately to President Kennedy.

The resolution made available to the

Interior Department the entire Mary-

land shore line across from Mount Ver-

non for preservation "in a manner that

will insure, insofar as practicable, the

natural beauty of such lands as it existed

at the time of construction and active

use of Mount Vernon Mansion. . .
."

Air Pollution Testing Stations

JUST as many of the nation's water-

ways have been thoroughly polluted

with industrial wastes, sewage, and the

silt of mistreated agricultural lands, so

the atmospheres of our larger urban

centers have been polluted by the waste

gases of the creeping automobile, bus,

and truck hordes that daily descend on

the city dweller and his "downtown" dis-

trict. Added to the miseries and poten-

tial dangers of the now-commonplace
"gasoline fog" of the American metrop-

olis are the fumes and vapors of indus-

trial stacks, oil furnaces, trash disposal

units of apartment colonies, and all the

other fume-producers that are part and
parcel of a twentieth-century city.

Some of the gaseous pollutants of city

air have been suspected of causing, or

at least contributing to, lung cancer and
other human maladies; long suspected

in this connection is the carbon monox-
ide of internal combustion engine ex-

hausts. The U.S. Public Health Service,

a bureau of the Department of Health,

Education, and Welfare, has recently

launched a construction program that

will provide eight major American cities

—Philadelphia, Detroit, Los Angeles,

.San Francisco, Cincinnati, New Orleans,

Washington, and Chicago—with stations

that will perform around-the-clock moni-

tor service for their atmospheres. The

eight stations, to be known as "Air Pol-

lution Test Centers." will continuously

sample the air for seven different gase-

ous pollutants, and transmit the data

obtained to the Robert A. Taft Sanitary o

Engineering Center in Cincinnati for

analysis. Gaseous compounds to be

checked are carbon monoxide, sulphur

dioxide, nitric oxide, nitrogen dioxide,

ozone (an unstable allotrope of oxygen)

total hydrocarbons, and total oxidants.

The Service emphasizes that the new
monitoring stations are not to be sub-

stitutes for the National Air Sampling
Network, which has been operating na-

tionwide since 1957, but rather as a sup

plement to the latter, which conducts

atmospheric testing only periodically

Key Deer Appear Safe

IN
1951 the Key deer, inhabitants of

the Florida Keys and smallest repre-

sentatives of all American deer species

were threatened with extinction. At that

time the mammals, which when fully

grown are about the size of a collie dog
were estimated to total no more than 32

individuals. In 1954. Congress estab

lished the National Key Deer Refuge—
282 acres of leased land in the Keys—
and placed it under the jurisdiction of

the Bureau of Sport Fisheries and
Wildlife, in the U.S. Fish and Wildlife

Service. Since that time, thanks to land

acquisition by the Bureau and donations

of both land and money by interested

individuals and organizations—conspicu-

ous among the latter is the North Ameri-

can Wildlife Foundation—the Key deer

possess a refuge of 6,932 acres, and their

numbers are estimated at more than 200.

Barring natural or man-caused calamity,

the diminutive mammals now seem des-

tined to continue as a viable species.

Education Is the Answer

REPEATEDLY during the recent past,

the plight of many of Africa's great

mammals has been called to the atten-

tion of the American public. There is

an almost complete lack of coherent

conservation programs or policies at

government levels among the seething

African states, outside of the already

established national parks, which are

themselves in difficulties. This lack has

compounded a natural disaster in the

form of drought, making dubious the

future of a number of long-familiar

African big game mammals.
Political unrest and upheaval has

made wildlife protection difficult even in
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WHERE TO RETIRE
ON A SMALL INCOME

s book selects out of the hundreds of thousands of communities in the

S, and its island territories only those places where living costs are less.

:rc the surroundings arc pleasant, and where nature and the community
f together to guarantee a good time from fishing, boating, gardening, con-
\X'.s, or the like. The book never overlooks the fact that some people must
i part-time or seasonal work to pad out their income.

It covers cities, towns, and farms throughout America — from New
c;land south to Florida, west to California and north to the Pacific Norlh-
.'t. U includes both Hawaii and American Virgin Islands. Some people
ind hundreds of dollars trying to get information like this by traveling

aund the country. Frequently they fail — there is just too much of America
I explore!

Where to Retire on a Small Income saves you from that danger. Yet the

t NEW edition costs only $1.00.

ALL ABOUT ARIZONA
— the healthful state, where

it's great to live and vacation

t as a road map shows you how to reach your destination, Thomas B.

[ure's big book, All About Arizona, the healthful state, leads you to what-

:r you want in this fast growing state of sun and scenic wonderlands.

What do you want to know about Arizona?

Where's the best place to retire at low cost? Where are summers cool?

nters, sunny most of the time? Where are the best areas for a job or a busi-

es of your own? For a home? What must a newcomer watch out for when
Iving land ... or a home? How high are taxes? Is it true that living costs are

li than in the East? What about salaries . . . schools for my children . . .

I health?

Or do you want to tour this Grand Canyon State? What's the best way
Isee Arizona by car (or otherwise)? What is really worth seeing along the

lids and down interesting side roads? Or in the cities, the national parks

II the other four-star sights? What are those world-famous but relatively

1 known four-star sights overshadowed by spectacular Grand Canyon? What
i really the best way to see the Grand Canyon? The Indian reservations? The
Iter Canyons? Which are the best places to eat and stay along the way?

What are the sure ways to cut travel costs in this big state?

Filled with facts, over a hundred thousand words in length. All About
. izona. the healthful state, almost brings Arizona to your door, answering
se and a hundred other questions and giving you a richer, better picture

Arizona than many people have after living there for years.

To know all you should about Arizona before you go for a home, a job,

business of your own, retirement in the sun, or a vacation you'll always
nember, read All About Arizona, the healthful slate. Price Only $2.

E

I

BARGAIN PARADISES
OF THE WORLD

Do you know where to find an island right near the U. S. — so nearly like

ihiti in appearance, beauty and color, even the natives say it was made
5m a rainbow? (And that costs here are so low you can not only reach it

it also stay a while for hardly more than you'd spend at a^resort in the U. S.?)

Do you know where to find the world's best mountain hideaways or its

ost dazzling surf-washed coastal resorts, where even today you can live

r a song?

Do you know where it costs less to spend a while, the surroundings are

easant, and the climate well nigh perfect in such places as Mexico, the West
dies and the world's other low cost wonderlands? Or which is the one
ot world travelers call the most beautiful place on earth, where two can
e in sheer luxury, with a retinue of servants, for only $175 a month?

BARGAIN PARADISES OF THE WORLD, a big new book with about
photos and 4 maps, proves that if you can afford a vacation in the U. S.,

e rest of the world is closer than you think. Author Norman D. Ford,
tnorary vice-president of the Globetrotters Club, shows that the American
)llar is respected all over the world and buys a lot more than you'd give

credit for.

Yes, if you're planning to retire, this book shows that you can live for

ontbs on end in the world's wonderlands for hardly more than you'd
end for a few months at home or if you've dreamed of taking time out
r a real rest, this book shows how you can afford it.

In any case, when it can cost as little as $24.50 from the U. S. border to

ach some of the world's Bargain Paradises, it's time you learned how much
m can do on the money you've got. Send now for BARGAIN PARADISES
F THE WORLD. Price $1.50. Use coupon to order.

WHERE WILL YOU GO IN
FLORIDA?

FLORIDA needn't be expensive — not if you know just where to go for what-

ever you seek in Florida. And if there's any man who can give you the facts

you want it's Norman Ford, founder of the world-famous Globetrotters Club.
(Yes, Florida is his home whenever he isn't traveling.)

His big book, Norman Ford's Florida, tells you, first of all, road by
road, mile by mile, everything you'll find in Florida, whether you're on vaca-
tion or looking over job, business, real estate, or retirement prospects.

Always he names the hotels, motels, and restaurants where you can stop

for the best accommodations and meals at the price you want to pay. For that

longer vacation, if you let Norman Ford guide you, you'll find a real "para-
dise" — just the spot which has everything you want.

Of course, there's much more to this big book.

If You Want a Job or a Home in Florida
NORMAN FORD tells you just where to head. His talks with hundreds of

personnel managers, business men. real estate operators, state officials, etc..

lets him pinpoint the towns you want to know about, if you're going to Florida

for a home, a job with a future, or a business of your own. If you've ever

wanted to run a tourist court or own an orange grove, he tells you today's
inside story of these popular investments.

If You Want to Retire on a Small Income
NORMAN FORD tells you exactly where you can retire now on the money
you've got, whether it's a little or a lot. (If you need a part-time or seasonal
job to help out your income, he tells you where to pick up extra income.,-

Because Norman Ford always tells you where life in Florida is pleasantest on
a small income, he can help you to take life easy now.

Yes, no matter what you seek in Florida — whether you want to retire,

vacation, get a job, buy a home or start a business — Norman Ford's Florida
gives you the facts you need to find exactly what you want. Yet this big book
with plenty of maps and well over 100,000 words sells for only $2 — only a

fraction of the money you'd spend needlessly, if you went to Florida blind.

For your copy, fill out coupon today.

WHAT DO YOU WANT IN
CALIFORNIA?

A job or a business of your own?

A vacation to Hollywood, San Francisco, Yosemite, elsewhere in California— at a price you can afford?

A place to retire on a small income?

A home in the sun, with year-around spring-like days?

No matter what you seek in California, William Redgrave's big book Cali-

fornia— the Stale That Has Everything, shows you city by city, town by
town, road by road, everything you'll find in this big state.

If you are vacationing, his clear and detailed facts just about guarantee
you won't miss anything worth seeing and you will welcome his long lists of

recommended restaurants, motels and hotels, where you can stop at the price

you want to pay.

If you're looking for a job or a business of your own, California — the

State That Has Everything gives you the facts you want. With William
Redgrave's help you'll find the California that appeals to you— whole regions
with just the degree of warmth and sunshine you want, with houses and
rentals priced within your means. If you're single, you'll find the best places

to live for the fun and entertainment you want. If you're a family man, you'll

find the best places to raise a family. If you want to retire, you'll find the
pleasantest places in all California to live on a small income.

There's so much more to this book — the facts you need if you're thinking
of living in a trailer, the best places to fish and hunt, where to go for a
college education, what you'll pay in taxes, how best to find your own retire-

ment or vacation paradise, etc., etc. There's so much information, in fact,

that you probably wouldn't learn as much about California in months, even
years, of traveling around this big state as you can learn from this one big

book yet it costs only $2. Mail coupon today for your copy.

(HS^ Fill Out and Send at Once for Quick Delivery

j
Mail to HARIAN PUBLICATIONS, 38 Queen St.

"|

Greenlawn (Long Island), New York I

I

I have enclosed $ (cash, check or money order).
I Please send me the books checked below. You will refund I

I my money if I am not satisfied.
|

I G All About Arizona— the healthful state. $2.
j

I D Bargain Paradises of the World. $ 1 .50.
j

I G California— The State That Has Everything. $2.
j

I Q Norman Ford's Florida. $2.
|

I G Where to Retire on a Small Income. $ 1

.

I G SPECIAL OFFER: All 5 books above ($8.50 value) for only $6.
\

I

Print Name

I

Address i

I Zone #
I City and State if any |

I 1
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in the World?
From the Amami Isfands*
to the Zulus of Africa**

...you will find it in Folkways' catalog

of over 600 Long Playing authentic Folk

records from almost every country, cul-

ture or ethnic group in the world. Also

Science, Jazz, Literature and Childrens

series. Write for complete free catalog.

FE 4448 Music or the Amami Islands

"FE 4503 Africa South of the Sahara

FOLKWAYS RECORDS
121 West 47th St., New York, New York

NOW—There's a New
RELAXED WAY

to Learn ANY
:»»^y LANGUAGE

of home—
almost overnighl

Find out how you can relax like a child and learn to
SPEAK like a native . . , almost overniRht. FREE
book will bring .vou fascinating details. Your choice

34 Languages by LINGUAPHONE
World's Standard Conversational Method
At Home and Abroad. ..For Business, Travel

FREE TRIAL-No Obligation.
Jlail Coupon for complete information TODAY

LINGUAPHONE INSTITUTE
Dept. D-63-012. Radio City. New York 20. N. Y.
I'lease send me Q FREE book. "Your Passport to
Language." Details of Free Trial.
Xo obligation—No salesman will call.
Name
Address .!!!!!!"!!!!!!!!!!!!!!!!

City „ Zone State
Please check your language interest:
Q Spanish (American) D Spanish (European)
n French Italian Q German Q Russian
Modem Greek D Icelandic Japanese
Portuguese D Other

A MANUAL OF COMMON BEETLES
OF EASTERN NORTH AMERICA

An identification manual, easy to use.
Complete directions for beetle collecting,

a fascinating hobby. 896 pp. $9.25.

Write for brochure.

ROW, PETERSON and COMPANY
Dept. T Evanston, Illinois

TERRARIA-TERRARIUM PLANTS AND KITS
Everything for the Home Terrarium. Insec-
tivorous Plants, Wildflowers, Ferns, Con-
tainers, Natural History Kits. Profusely
Illustrated Catalog 20e.

ArthL

P.O. Box 305
Eames Allgrove

• No. Wilmington, Mass.

JEtROW
CAMP for Boys Ages 11-18

OIJTDOOIt LIVI
AHaKanh) uri'j(.'r Quaker"

•;iT, Ji

I lANOK TlilP.S (Inclu.JIne the

Amazing Venus's Fly Traps lure, catch and eat

insects. You actually can see bright-colored traps

seize unwary victims like the insect above.

Easily-grown bulbs sprout leafy traps within

weeks. Nursery propagated stock. Germination

guaranteed. New 1961 prices, ten bulbs,

sphagnum moss, full color picture and planting

instructions, $4.95 postpaid. (5 bulb package
$2.95.) Free carnivorous plant brochure.

ARMSTRONG ASSOCIATES INC.

BOX 127.N, BASKING RIDGE, N. J.

PRESIDENTIAL COINS

The gold col- / ?^:5-. ',
, ,

ored coins reproduce "^
k, - -< --

every President from ^^^ * -^ '

George Washington to

John F. Kennedy beautifully embossed or
!ide and with the reverse side listing the ;

ber of
• two

Coil

Mail Order Only. Prompt delivery.

ROYAL BRONZE
225 Fifth Avenue, New York ID, N. Y.

HACKMATACK
CAMP FOR BOYS AND GIRLS

INTERESTED IN

SCIENCE AND NATURAL HISTORY

A v/onderful spot lor youngsters 7-12

years of age! Here in the beautiful

Berkshires our special facilities and
expert staff is ready to help those in-

terested in natural history subjects.

Geology, botany, birds, conservation,

the sky, and all that lives in the earth,

the air and water.

Swimming, riding, shop, crafts, daily
farm activities.

Eight week season only

• Write about your child to •

GEORGE F. DILLMAN
OTIS, MASS.

such great African preserves as Alberlj

Garamba, and Upemba, where poaching

and boundary encroachment pose serii

ous problems of management for staffs

that have been cut to half their format

numbers, or less; and where money tc

meet vital payrolls is totally inadequate

and occasionally non-existent.

One group of American conservation

ists believes that the only permanent
answer to the dangers confronting large

African mammal species lies in a pro
gram of conservation education for in

terested Africans; something that recipi'

ents can take back to Africa and spread

as rapidly as possible. Under the leader

ship of United States Tax Court Judge
Russel E. Train, of Washington, D. C.

this group, recently organized under the

title of The African Wildlife Leadershif
Foundation, sponsors scholarships foi

conservation-conscious Africans. It has

already given its first grant to a young
native of Kenya, East Africa, who wil

study biology and wildlife conservatioi

at Central Missouri State College
Among the trustees of the new conserva
tion education organization are Maurice
H. Stans, one-time Director of the Budg
et; Kermit Roosevelt, grandson of the

late President Theodore Roosevelt. Har
old J. Coolidge, executive director of the

Pacific Science Board of the Nationa
Academy of Science, and Edward C
Sweeney, former general counsel for the

U. S. General Services Administration
Neither Judge Train nor the othei

trustees of the organization are undei
any illusions regarding the difficultie.-

facing their program. The staff seems
fully aware that, for some of the larg

African mammals, the hour is already

late, and that some may have vanished

by the time the program reaches frui

tion. Odds on success of the program.
Judge Train said, are "terribly long."

INDEX
Natural History, Volume LXX

The annual index for Natural
History, Volume LXX (Jan-
uary through December, 1961)
may be obtained by writing to:

INDEX
American Museum of Natural History

79 Street at Central Park West
New York 24, New York
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mJohnny isn't watching the late show tonight

le shadows that shiver and shake on the TV screen are shivering and shaking in

tbody else's living room tonight. Johnny has discovered something new.

e's traded the fleeting, flickering "thrills" of the 24 inch screen for the

iss excitement and majesty of the night sky.

e's traded the nervous rattle of the private eye's gun for a ringside seat at

! upendous nightly fireworks in the heavens.

e has, in short, discovered astronomy.

othing better could happen than what happened to Johnny. And it happened simply

: ise someone took the trouble to awaken, nourish and satisfy a lifetime of curiosity

Jinny by making him the gift of a fine telescope.

omeone, not so long ago, gave Johnny a Unitron.

Unitron's free, 50-page

s Guide and Catalog 21-X UNlTt^ON

Johnny abandoned his 24" screen

for this 2.4" Unitron refractor,

complete v/ith its handy, handsome,

easily portable carrying case.

ONLY $125.00

This is a close-up of the Uiiihe»

Johnny is using. It's 6 eyepieces

in one. an exclusive with Unitron.

One of a complete line of accessories

to multiply your vie\^ing pleasure.

INSTRUMENT COMPANY • TELESCOPE SALES DIV.

66 NEEOHAIVI ST.. NEWTON HIGHLANDS 61. MASS



A phenomenon of the twentieth century. In every field of science, in every line of business, in every nook

and cranny of our society— data is multiplying. Where once an atomic physicist might contend with six variables

. . . today he has sixty. Where once a businessman needed a few/ quick facts to make a decision . . . today he

more likely needs thousands. This is the information explosion — a condition arising from the tremendous

economic and technical progress since World War II. IBM is finding the means to harness the staggering

volumes of information that have resulted. Besides performing prodigious feats of calculation, computers are

being developed by IBM research to sort, retrieve and communicate information. Their expanding capabilities

will have a profound influence in such fields as automatic language translation, atomic energy and medical

research. In helping to control the information explosion, IBM is providing businessmen and scientists with

new tools for solving many of the complex problems of this changing world, TD^^
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This photograph of the moon was taken with the incomparable Questar

which weighs but 7 pounds and needs but one -half cubic foot of space.

Previously such pictures could only ^j?=5\ TT ¥ Tn" ^ 'nr' A TO)

be made with far larger instruments. v^-J/ ILJi IS y) 11 Jr\ iT^

Price $995. May we send our booklet? Box 60 New Hope, Pennsylvania
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every area of natural science—from anthropol-
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William Beebe, Arthur Clarke, J. Frank Dobie,
Willy Ley, Donald Culross Peattie, T. C.
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THE BOOK OF BIRD LIFE, by Arlliur A.
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encyclopedia of American birds—species,
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LIST PRICE $9.75
Member's Price $6.95
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with nearly 200 illustrations. "Will
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FOSSILS LAB. Fifteen actual fossil speci-
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"I can't imagine a

better or handier

book for the

identification of

waterfowl."
—John Kieran

A COLOURED
KEY TO THE
WILDFOWL OF
THE WORLD

by Peter Scott
A compact, definitive
field book for the identi-
fication of every known
species of duck, goose,
and swan—227 in all

—

by one of the world's
foremost authorities on
bird life. Illustrations
of both male and female,
all in 4 colors. 2.3 color
plates, line drawings.

$3.50 at all bookstoresm SCRIBNERS

FREE BOOKLET
ON MAGNIFIERS

!

Whatever your special interest in nature, you'll

get much added enjoyment in examining speci-

mens at many times their actual size. There are

over 70 Bausch & Lomb precision Readers and

Magnifiers to cover all sorts of nature study

needs. For free illustrated booklet covering every

facet of using and choosing a magnifier, write

Bausch a Lomb, 993 Lomb Park, Rochester, N.Y.

BAUSCH & LOMB

Reviews'
"Culture" by the poundj

By Christopher Gerould;

EXCEPT that the merchandise is not

hung on hooks, bookstores in the

1960"s are coming to resemble the walk-

in freezers of expensive butcher shops.

Currently, a large public seems ready to

lay out from two to ten dollars a pound

for almost any volume, so long as it has

color plates and a title pretentious

enough to justify its mass: "The Mouse
in History" might not go, but surely

someone is planning "Elephants
Through the Ages" for a spring list.

Reviewing books of this kind presents

special problems. Their very success in-

dicates that they have intrinsic merit or

attractiveness, but their virtues are not

those of a "book," as that word is usually

understood. Though many of them have

extensive texts, internal evidence sug-

gests that few buyers are expected to

read them. Again, the attention given by

publishers to illustration might be taken

to indicate that these are chiefly picture

books, but closer examination argues

that this is not the case either. After ex-

amining half a hundredweight of the

current output, this reviewer has reached

a tentative conclusion about these books'

buyers. But, before stating this hypoth-

esis, let us look at four such books that

may interest readers of Natural History.

The Dawn of Civilization (McGraw-
Hill Co.. .128.50) is approximately eight

pounds of prime, center-cut archeology,

edited by the British archeologist Stuart

Piggott and "written" by a total of thir-

teen other academically respectable au-

thorities. This volume exhibits a standard

characteristic of its breed: it carries a

masthead listing five editors and sixteen

other collaborators— responsible for de-

sign, art work. maps, and photography.

Presumably it takes such a team to

construct a tome whose title page claims

there are "940 illustrations. 172 in color,

110 original reconstructions. 64.5 photo,

graphs and drawings. 48 maps and
chronological charts," the engravings for

which were made by seven different firms

in England. Germany, and Switzerland.

The book also is said to contain "225,000

words." presumably including captions.

Taken altogether, this spells "the

first world survey of human culture in

early times," according to the jacket.

The coverage is certainly extensive. The
outline essays that make up the book's

thirteen chapters range from the Paleo-

lithic to the civilizations of the New
World. In appearance the volume is

downright sumptuous. Most of thei

drawings and some of the photographs

are excellent, and the reproduction is

uniformly magnificent. The text is be- '

yond the reproach of any but a special-

ist. Yet, judged as a book, the whole

project is a flat, rather sleazy, failure.

IN the first place, the producers have

come up with a physical structure

(more than 400 pages, each almost 11 by

14 inches) that can only be examined at

a table or lying stomach-down on the

floor— a cavalier disregard of the aver-

age reader and his habits. The designer

has also elected to print the texts of his

eminent authors on rather handsome

'

sheets of refined oatmeal (Apex Smooth •

Buff) in double columns totaling 1.400

words to the page. Thus, eyestrain is

added to postural insult. Presumably in

the interests of statistics, the designer

has also embedded his pictures in a

matrix of long captions (or possibly the

reverse). Whatever the purpose, the ef

feet is at once to kill the picture and

smother the description.

Probably by design, the illustrations

given the best treatment are the "110

original reconstructions." These are the '!

sort of competent, hack paintings of'

"how it looked at the time" formerly

much favored in historical books for

younger children. The "confectors" of

The Dawn of Civilization obviously rate

them rather high. On the gatefold spread

devoted to Paleolithic cave paintings, a^

pair of color details from Altamira and'

Lascaux are subordinated to a two-page

chromo of a hypothetical cave ritual.

With text too truncated for reference

'

and too crowded for survey reading, with '

illustrations casually selected and poorly

presented. The Daivn of Civilization isf

all package and no content.

The Epic of Man (Time Inc.. $13.50)

carries a far smaller weight of preten-

sion in covering much the same ground,

and is correspondingly more successful.

A 300-page collection and expansion ol

a series of Life articles on early cultures

—with some primitive, present-day socie-

ties thrown in— it is written and pre-

sented in the bright, innocent tones of

popular journalism, with an unerring

eye for the specific and the trivial.
'



Considering its magazine-article ori-

in, one does not expect a text tliat can

read connectedly. Nor, despite a stag-

ring roster of experts who have been

msulted, is the text—as is Daun's—
ritten by the specialist concerned. But

ord and picture at least work together

sre, and one is allowed room to look at

,e pictures as pictures. Tlie editors of

pic also offer numerous "reconstruc-

»ns" as a crutch to their audience's im-

lination. These are possibly a little

orse than those in the Dawn book, but

lite as easily forgettable—leaving only

faint wonder that prehistory could have

reshadowed both Walt Disney and

ayboy with quite such sentimental, not

say sensual, fidelity.

Another prolific publisher of such

ge, economy-size book packages has

cently presented The American Herit-

e Book of Indians (American Herit-

:e, $15). Inevitably, the work is "by"

le Editors of American Heritage—

a

edit line that conjures up the image of

platoon presumably writing round

bin, a page at a time. Farther down the

le page, the "narrative" is credited to

illiam Brandon. The editors were

cky to have someone so competent do

bulk of their work for them. Bran-

n's text covers the history of the In-

ins on both of the American continents,

lis makes it fascinating reading— in-

med and. above all. interested and
gaged in the glorious and sordid story

tells. It may never be told better.

The remainder of the book is an in-

larding of picture stories, to some de-

:e illustrating the text. The pictures

i contemporary wherever possible and
Bsen with a very sure eye. Reproduc-

n, unfortunately, is mediocre. To the

ider. these interjected blocks of pic-

es, with their own text and captions

ly prove disproportionately annoying

ike shrimps in a dish of strawberries.

e editors, however, cannot be severely

med: no one has yet found the secret

an economic way to integrate words
i pictures in book publishing.

lo-oPERATiNG editors have been at

I work again in the Life Pictorial

las of the World (Time Inc.. S30.00) :

s time the editors of Life and of Rand
tNally. For once, the collaboration is

;y to segregate. What isn't maps is

fiously Life. What isn't maps also

>ves pretty irrelevant to the work.

Durs is a big world and 104 pages of

)tographs. though they bulk up a book
ely. can hardly do much more than to

w that different places look different.

e is also presumably responsible for

ch of the general text, the slickness

which underlines its inadequacy. Ex-

(Ir. Gerould. a reporter of science
or many years, regularly contributes
>ook reviews to Natural History.

A coiyipreJicnsive

survey of
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J.TUZO WILSON
A distinguished scientist reports
on the greatest co-operative ef-

fort in the history of science:

the International Geophysical
Year. This absorbing bookinter-
veaves Professor Wilson's own
adventures while traveling
100,000 miles for IGY with a

full account of what it has re-

vealed about the world we live

in. jj- photographs and 46 line

illustrations.

Foreword by LloydV Berkxer

$S-9S <^t better bookstores

ALFRED -A- KNOPF
Publisher of ^^^^^ Borozi Books
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xj nsr I ^v^E FtsIT IT

of OKEIO^^OO
Can you reserve an evening a week for intellectual

self-improvement? If so, you'll want to know about

the opportunity awaiting you in Chicago's unique

Home-Study program:

150 courses for adults ... in Mathematics. Psychol-

ogy. Philosophy, Archeology, Linguistics, World

Affairs, Religion, Education, Semantics, Personal

Investments, Creative Writing, Pharmacology, Liter-

ature and other fields.

Individual Instruction . . . enjoy an absorbing con-

versation-by-mail with a University instructor, as

you broaden your intellectual horizons . . . add to

your fund of knowledge . . . improve your profes-

sional competence. Begin at any time . . . study at

your convenience, AT HOME . . . earn academic credit.

For full information, write for the Home-Study

ANNOUNCEMENTS; no obligation, of course.

The Home-Study Department

UNIVERSITY OF CHICAGO
Box NH-22, Chicago 37, III.
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TELEVAR
New high power adventurel Only TeleVar

gives single lens reflex cameras a lion's

share of focal lengths in one compact lens.

Gives focal plane shutter cameras zoom flexi-

bility, 350mm-650mm. Crisp results, 12 feet

to infinity. TeleVar, safari ready, in soft

leather pouch, $59.50.

30-day trial. 20-year guarantee. For "extra
"

tiigh power adventure, 750mm-3000mm, ask
for the Bushnell Spacemaster, SUi.50.
See your dealer or write for details and
sample color reproductions.

BUSHNELL bldg..dept.N35,pasadena, calif

IN CANADA: 1310 \V. 6TH AVE.. VANCOUVER 9. B.C.



LAND
YACHTING

. . . the fun way
to travel

Want to explore thousand year old temples

in far off Yucatan? Visit primitive native

villages in Mexico or just relax near some
quiet shore? Perhaps you know a road

somewhere you'd like to follow to the end.

It's all the same with an Airstream Land

Yacht— a personal highway cruiser out-

fitted down to the smallest luxurious detail

for limitless road voyaging ... good beds,

bathroom, hot and cold water, refrigera-

tion, heat and light independent of outside

sources wherever you go— for a night, a

week, or a month. Airstream Land Yacht-

ing means real travel independence— no

time-tables, tickets, packing. You just tow

your Airstream lightly behind your car and

follow your travel whims wherever they

urge you to go. Yes, it's the exciting, better

way to travel here in North America or

anywhere in the world.

write for Inleresling free booklet
"World At Your Doorstep"

AIRSTREAM INC.
750 CHURCH ST., JACKSON CENTER, OHIO

12804 E. FIRESTONE, SANTA FE SPRINGS 51, CALIF.

NATURALISTS
NATURE LOVERS

WILDLIFE PHOTOGRAPHERS

Enjoy a nature vacalion in the scenic Elk
Refuge Region near famous Jackson Hole,
Wyoming, — in the beautiful Snake River
Valley.

On foot, or horseback, or "four-wheel-drive",
watch the Elk in spring migration to the

higher mountains from their winter refuge.

See Bear, Moose, Badger, Coyotes, Deer,
active Beaver colonies. Mountain Sheep,
Trumpeter Swans, Sandhill Cranes, Bird life

varied and abundant. Adjacent to Elk and
Bison refuges, and to Grand Teton National
Park. Write for Bird List.

Open all vear, -WINTER SPORTS, and
WINTER ELK FEEDING ON THE
RANCH.

NEW MODERN CABINS
Excellent Meals — Reasonable Rates.

Best observation season for Elk migration
May first to June fifteenth.

For rates, and descriptive literature,

Write to

BEAVER VALLEY RANCH
Frank and Kalherine Foster

Box 551-A Jackson, Wyoming
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ample: Southern Europe—Spain, Italy

Greece, and Turkey—gets 400 words o

text and six picture captions.

One is left. then, with maps and

gazetteer—which, basically, is what ai

atlas is all about—plus some pictoria

diagrams. Cartographers can and havi

dealt with the technical shortcomings o

Rand McNally's contribution to thi

"new and entirely different kind

atlas." To the layman, the most immedi

ate and appalling fact is that the map
are so commonplace. For Canada ant

'

the United States—the only parts of thi

world in this Atlas of the World that ar

mapped in province and state detail

find the same flat, familiar, straw-coloret

surfaces, fly-specked with town name
Accompanying inset maps—some show

ing relief and vegetation, and other

highlighting economic geography—ar
certainly a partial innovation and im ll

provement. But. with their dark basi

colors and limited political information

the terrain maps are not easy to read

while the economic ones mix eye-achin;

tints and complex, multiple symbols

These two parts of North America oc

cupy half the display pages in this atlas

The rest of the world, perforce, make,

out for the most part with only relief

and-vegetation maps—nearly hopeles;

for a small country like Greece and no

easy to use even in the two-page map al

lotted to the British Isles.

But there is, both sets of editors

protest, much more. Indeed there is. In

terspersed photographs of the Berman
Fagg relief globe, a handsome objec

that does not photograph particularly

well; all sorts of little diagrams anc

charts, giving unsystematic nuggets

geographical information—in sum, jusi

about what any old atlas has to offer. Ir

effect, what has been added is whippec

cream and a cherry. And sometimes the

cream—despite the experts' efforts anc

those of a hoard of competent research

crs— is simply sour. One example is ar

elegant aerial photograph (in the sec

tion on the northeastern U.S.) that car

ries a caption that will mislead anj

landlocked citizen into believing he ii

shown the whole of historic Nantucke'

Island—50 square miles!—magically

shrunken to a dirt road, a single beacli

shack, and a lighthouse.

EARLIER, a hypothesis was promisee

regarding the current popularity o

all such heavy, expensive books. Thil

hypothesis is brief, sad. and not evei

profound. Since the "culture-hungry

American public is increasingly con

fused by the difference between owninj

a book and mastering it—and since, mor(

often than not, a person's "culture" i{ i

judged by what books he has lying abou

on his coffee table—obviously the tren(

is to buy the most expensive (and expen

sive-looking) books one can afford.
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One of the most striking prints by a

member of the Cape Dorset Eskimo community—and
typical of free play of imagination-

is this stone cut, aptly called "The Enchanted Owl."

Artists of the North
Among the Eskimos, observation combines with imaginatior

By Edmund Carpenter

FOR TiioiSANDS or YiCAKS. men have lived in arctic

Canada, north of Hudson Bay. It is a hard land. The
earth never thaws. Little or nothing grows. The struggle

to survive is intense. Yet, when life there is reduced to

barest essentials, art turns out to be among those essentials.

To Eskimos, art is more than just an object: it is an act

of seeing and ex])ressing life's values — a ritual by which

jjalterns of nature, and human nature, are revealed by man.

As a carver holds an unworked ivory tooth lightly in

his hand, turning it this way and that, he whispers. "Who
are you? Who hides there?' And then: "Ah. Seal!" He
rarely sets out. at least fonsciously. to carve any particular

subject, but examines the ivory to find its hidden form.

If this is not immediately apparent, he carves aimlessly,

humming or chanting as he works, until he sees the form.

Then he brings it out: Seal, hidden, emerges. It was always

there; he did not create it: he released it; he helped it

step forth. What emerges from the carving is not simply

seal, but an artistic act that explicates, with beauty an
di

simplicity, the meaning of life to the Eskimo.

In the Eskimo language, little distinction is made b<

tween nouns and verbs: all words, in effect, are forms c
jj;

the verb "to be," which itself is lacking in Eskimo. Eskim
(

is not a nominal language; it does not simply name thing
|i

that already exist, but rather brings things and actior
)(

(nouns and verbs I into being as it goes along. This ide
flu

is reflected in the practice of naming a child at birtl
In,

When the mother is in labor, an old woman stands by an o|

recites as many different eligible names as come to he j.

mind. The child comes out of the womb as its name i

|

called. In this manner, the naming and the birth of the ne' %
being are inextricably bound together.

The environment encourages the Eskimo to think in thi]

fashion. To Western minds, the "monotony" of snow, ici|



Cluiirnian of the Anthropology Uepartment, San Fernando
Valley State College, California, Dr. Carpenter has made
several extended visits among the peoples of the Arctic.

and darkness can often be depressing, even frightening.

Nothing in particular stands out; there is no "scenery" in

he sense in which we use the term. But the Eskimos do not

iee it this way. They are not interested in scenery, but

n actipn, existence. This is true to some extent of many
>eople on this earth, but it is ahnost of necessity true

or Eskimos: nothing in their world easily defines itself

)i is separable from the general background. Whatever
;xists, the Eskimos themselves must struggle to bring into

!xistence. Their world has to be conquered with each act

,nd statement, each work of art or song. But, each act

ccomplished, it is as quickly lost. The secret of conquer-

ng a world greater than himself is not known to the

Eskimo. But his role is not passive. Man is the force that

eveals form, the force that cancels nothingness.

LANGUAGE is the principal tool with which Eskimos make

j the natural world a human world. Their many words
or "snow" permit fine distinctions, not simply because

hey are much concerned with snow, but because snow
akcs its form from the actions in which it participates:

ledding, falling, igloo-building, blowing — distinctions

ossible only when experienced in a meaningful context.

Afferent kinds of snow are brought into existence by the

Iskimos as they experience their environment and speak.

nd as a man speaks, not only is his language in statu

ascendi, but so, too, is the very thing about which he

i talking. Words are like the knife of the carver: they re-

:ase the idea, the thing, bringing it into consciousness.

The form that the carver reveals should be beautiful,

tut, since that form participates in a real situation, the

arving is generally utilitarian. One very characteristic

skimo . expression means "What is that for?" It is most

requently used by an Eskimo when he finds some object

nd stands looking down at it. It doesn't mean "What can

use that for?" but something closer to "What is that in-

;nded to be used for?" The portion of an antler that so

erfectly fits the hand, and gives a natural strength as well,

ecomes, with slight modification, a chisel handle. Form
nd function, revealed together, are inseparable. Add a

BW lines of dots, or incisions, rhythmically arranged to

ring out the form and the tool is finished.

No primitive artists have experimented more daringly

fith material and form than have the Eskimos. One nine-

senth-century ceremonial mask is simply a circular

wooden disk—nothing more. Yet, somehow, it conveys the

lost subtle human expression. Complex, mobile affairs,

sed in the same ritual, resemble Picassos compositions,

issected and then reassembled in three dimensions. Some
)orset carvings, dating from 700 B.C. to a.d. 1300, and

'hule carvings, dating from a.d. 1200 to 1700. are no larger

han a match-head, and yet so detailed that it is possible

tell a red-throated loon from a common loon. One carv-

tig of a gull weighs less than a sixtieth of an ounce.

When spring comes and igloos melt, the old habitation

ites are littered with waste that includes beautifully de-

igned tools and tiny ivory carvings—not deliberately

hrown away but, with even greater indifference, just lost,

"or the Eskimos esteem the artistic act, not its products.
"The Archer," taken from a sealskin stencil,

shows how realistic observation may be modified by artist.



Bird at center breaks symmetry of "Flight of Birds

revealing Eskimo's sophisticated sense of design.

lO



Almost surrealistic, "X-ray" style of print is seen in

his stone cut, entitled "Vision of Caribou."

K.

This study of three walruses, at repose on the

water's surface, has even captured the refraction of light.



This "Young Curlew," taken from a sealskin

siencil, has something of the delicacy of an Oriental print.

RECENTLY, Hudson Bay artisans have produced both

stone carvings (Natural History, February, 1960)

and prints for the outside world. They have been trained

by a white man, James Houston, but they have brought

to these enterprises their own delight in creating, as well

as their skills and an intimate knowledge of animal life.

In print-making, two techniques are used: stone cut

and sealskin stencil. To make a stone cut, the artist chips

flat the face of a chunk of steatite, files it smooth, and

polishes the surface by rubbing it with seal oil. He then

carves the soft stone in low relief, in the manner of a wood-

cut; inks the surface; and transfers the image to fine

paper by gently rubbing it with either his fingers or a

small tampon. Finally, he peels the paper from the stone.

The other technique transfers the design to a piece of seal-

skin. This is cut out, the resultant stencil is placed on a

sheet of paper, and the ink is then brushed into the open-

ings. Only a limited number of prints is taken from each

of the original stone cuts or sealskin stencils.

Both the stone carvings and the prints closely resemble

Houston's own art work, but the prints, curiously enough,

share much with earlier native Eskimo art. I say "curi-

ously," for the techniques are ones learned by Houston

in Japan and taught to the artisans at Cape Dorset. But

in early times Eskimo artists worked on flat surfaces, as

when they etched figures on bow drills, and these new
prints resemble the earlier etchings. Traditionally, too,

Greenland Eskimo women cut out and intricately married

dark- and light-colored skins to decorate their clothing.

The Baffinlanders also made masks in this fashion.

The print-makers, like their forebears, depict not alone

what the eye sees but what all their senses know : they por-

tray mythical beings and dream experiences, an "X-ray"

technique revealing what is concealed from the eye.

Here, then, is a world of chaos and chance, a whirl of

cold and white. Man alone can give meaning to this— its

form does not come ready made. The Eskimos, through

art, transform this world into one of order and beauty.

Their work not only invites our wonder : it reminds us that

man makes his world livable by releasing its hidden forms.

A commonly observed phenomenon, rhythmically arranged, produces
this print, called "Sea Gulls on Arctic Ice."



Typical of stylized nature of some prints are these "Birds
from the Sea," rendered as decorative forms.
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The Dance of Tancho
THE DA>.CE OF THE CRANES, one of

the most spectacular performan-

ces in all the bird world, has long ex-

cited man's imagination. E. A. Arm-

strong says: "To primitive men the

cranes were something more than

symbolic of the returning spring; they

brought it. They were the surrogates

of the resurgent sun-god, bringing

warmth and fertility in their train."

Today, ritual crane dances survive

in many parts of the world, and the

Ainu have a circular dance in imita-

tion of the bird that figures so promi-

nently in .Japanese mythology and art

—Tancho, the Japanese crane.

Grus japonensis, the Japanese or

Manchurian crane, was formerly

found as a breeding bird in Man-

churia, neighboring parts of Siberia

(Ussuri, Amur), and also throughout

much of Japan. Today, some of the

birds are still found on the Asiatic

mainland, but in Japan, after the Meiji

restoration in 1868 (when the Bud-

dhist taboo on the killing of animals

was lifted), the birds were extermi-

nated throughout most of their range.

Only one small colony now remains,

confined to the vicinity of a vast marsh
in eastern Hokkaido. The birds are

now strictly protected, and under this

protection they have rebounded from
a low point of 20 birds in 1924 to

about 180 in December, 1960.

The cranes nest in the marsh along



The rituals of courtship are observed

in the last colony of Japanese cranes

By G. Stuart Keith

Mr. Keiim, now ;iii a»M)cialc in The
Ambhican Mlseum's Department of
Ornithology, ie an Oxford University
graduate in the classics. He and his
wife, who made the photographs that
appear here, are now in Africa where
they are studying local crane species.

the lower reaches of the Kushiro

River. This marsh is ahiiost impene-

trable: the mud and water are too

deep to wade through, and dense reeds

prevent access by boat. It was here

^hat the last remnants of the popula-

ion managed to hold out until they

were given official protection.

Outside the breeding season, prac-

ically the whole crane population

spends the fall and winter in the vi-

jinity of some small villages about

twenty miles to the west of the Kushiro

marshes. Here they have become very

tame. Far from shooing them away,

the local farmers welcome them on

their lands, and several farmers even

scatter corn for the birds each day.

Although sporadic dancing can ap-

parently occur throughout the year—

as with many other cranes—this be-

comes intensified in January and con-

tinues until late March, at which time

the paired birds leave the wintering

grounds and head for nearb) marshes.

I have been using the word "danc-

ing" rather loosely to refer to the

action of leaping in the air and flap-

ping the wings—an action that, in fact,

is performed in a number of different

behavioral situations. Perhaps the

best-known of these is when two birds

of a pair dance together. We may call

this courtship dancing, although it is

performed anew each spring by birds

that may have been mated for many

^ ,f^ mJ^



Dancing bibd picks up corn husk with

bill and throws it in the air. In other

years. The dance may begin quite

suddenly. A pair of cranes are feeding

quietly in a field; all at once one of

them looks up, turns to face the other,

and starts bowing. In this bowing—or
"head-bobbing," as I call it—the head

is held horizontally, the neck curved

down in a U, and in this position the

head and neck are bobbed or pumped
up and down. The second bird stops

feeding, looks up, and may then start

head-bobbing in the same way, facing

its partner. If it does not join in at

once, it will, at any rate, hold its head

erect in an alert position, watching its

jjartner with apparent interest.

Then the first bird, while continuing

to bow. will start flapping its wings a

i)it. and with a few light, dancing

steps will turn around several times on

the spot. With each turn, the pace

increases. Finally the two birds square

off and start jumping into the air and

flapping their wings. After each jump,

ihe left leg—which is held slightly

hi;.'her than the right— gives an extra

kirk in mid-air. At the top of the jump,

which may be six or eight feet high,

the birds hold their wings outspread

and seem to float on air for an instant.

species, thrown objects may be sticks,

paper, or other nest-building materials.

Sometimes, after an especially high

jump, the birds may make a brief

dance-flight; side by side they plane

gently down, still seeming to float in

the air, and may come to rest 25 or

50 yards from where they were danc-

ing. After such a dance-flight, which

by no means occurs with every dance,

the performance usually stops, al-

though a few more leaps may occur.

Then the birds resume their feeding.

Two other components of the court-

ship dance must be described.

The first consists in picking up some

object from the ground with the bill

and tossing it into the air. In the case

of the Japanese cranes, this was

usually a corn husk, many of which

were lying in the field. Other cranes

have been seen to pick up sticks, grass,

and pieces of paper. The objects the

cranes pick up are the sort that might

be used in nest-building (the paper

was used by a captive bird I . It is pos-

sible that the picking up of corn husks

may be a displacement activity, result-

ing from the conflict of two inner

drives, but it may also be that this

action is related to nest-building drives

and the presence of specific stimuli

related to nest-building, such as suit-

able nest material.

Second, during the dance one bird

may turn its back on the other and

continue to leap up and down, spread-

ing its wings out fully. This achieves

the effect of displaying the wing's

black secondary feathers, which flash

out in striking contrast to the rest of

the white wings and back.

FINALLY, it should be mentioned

that the courtship display remains

largely a silent affair, although the

birds may sometimes call, especially

just after the dance. This contrasts

with the duet display and much of the

communal dancing, described below,

which is often accompanied by calling.

So much for the courtship dance,

performed by male and female. More
difficult to understand is the commu-
nal dancing, in which more than two

birds take part. When two cranes in

a flock start to dance, this often

arouses the surrounding birds to join

in, and a dozen birds may all be leap-

ing in the air at once. Some of the

other members join in wholeheartedly,

leaping up and flapping their wings;

some only give a few desultory hops;

others just stand and watch, while

those farther out may continue feed-

ing or preening without reacting at

all. Generally, those closest to the

original dancers react the most vigor-

ously, as might be expected. The by-

standers who join in the dance do not

aim their dance at their mates or at

rivals, but at no one in particular.

Perhaps, with cranes, dancing is in-

fectious, just as laughter is with us.

Such is the reaction of cranes to the

visual stimulus of other cranes danc-

ing. Often, however, one or more birds

in a flock may leap in the air without

any such stimulus. When two birds

jostle each other while feeding, one

or both may leap in the air; a bird

may take a leap when other birds land

near it; or a leap may be the reac-

tion to an aggressive lunge by a

neighbor. Sometimes a bird slightly

apart from the flock may start leaping

up and down on its own, seemingly

without having been stimulated by the

action of any other crane.

This leaping in the air, then, which

may or may not involve wing-flapping,

Key display of its black wing feathers

is achieved by this dancing crane that

has here turned its back on its partner.

i6
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Two BIRDS posture at left at the beginning of their duet

display, under the eyes of non-participating birds at right.

Three birds in feeding flock, below, suddenly begin to call

and dance in an apparently unmotivated burst of action.



:ems to be an almost involuntary re-

ction to a variety of stimuli—or to no

pparent stimulus at all. Robert Peter

lien, discussing similar perform-

nces among sandhill cranes, suggests

lat the constant jumping and vving-

pping may be partly the result of a

ighly nervous and emotional condi-

on brought about by the develop-

ent of the gonads. This would not

jcount for dancing outside the breed-

; season, but may well explain the

ghtening of activity in the spring,

which season the threshold of re-

>onse tu the stimuli that release danc-

g is unusually low.

rHERE are times when the drive is

so strong that dancing will take

ace without any releasing stimulus.

his is a strong statement to make,

nee one always has the uneasy feel-

g that there might be some stimulus
' which one is not aware that releases

e behavior. But Lawrence Walkin-

law gives a fascinating account of a

Jung sandhill crane that he raised

om a day-old chick. When it was
ily five days old it started leaping

> and down and going through two
;her actions of the dance—bowing
id tossing objects into the air. This

ird had never seen another crane

ivhich shows, incidentally, that the

ittern or form of the dancing is in-

Jte
) , and I think this is an example

f what has been called "vacuum ac-

vity." or activity that results when an

iner drive builds up to such a point

lat it just "goes off" in the absence of

releasing stimulus. Among people,

e call it "letting off steam." I think

lat some of the solo dancers among
le Japanese cranes may just have

jen "letting off steam," even though

it could be argued that there were al-

ways other cranes in sight that might
have released the dancing.

Aside from the dancing, Japanese
cranes have another fascinating type

of behavior, which I call the "duet dis-

play." At its onset, one bird starts

stalking stiffly around in front of an-

other, its neck held erect and its head
bent down until its beak is pointing at

its chest, like a horse on a very tight

rein. This serves to display the patch

of red on top of the head. The wings of

the displaying bird are just slightly

raised, as are those of the bird being

displayed to. The latter stands stiffly

at attention during this part of the

performance, and may take a few
steps. After a time, the first bird walks

up to the other, raises its wings higher

off its back, throws its head up until

its beak is pointing to the sky, and
starts calling. The other bird adopts a

similar posture, raises its wings and

calls, and the two may continue calling

thus for ten or fifteen seconds. They
make a very beautiful picture—two

majestic birds standing side by side

and calling their duet together. When
they finish their callings the perform-

ance has been completed.

One of the principal problems in

studying all crane behavior is the ex-

treme difficulty in telling males from
females. There is no plumage differ-

ence and no appreciable size differ-

ence, and I could not tell which was
which. To add to the confusion. Jean

Delacour tells me that the female ini-

tiates displays more often than does

the male. However, he adds that when
his captive pair of Japanese cranes

performed the duet display, both birds

raised the wings slightly off the back
while calling, but that, in addition, the

male lowered and spread the pri-

maries, whereas the female kept them
folded into the rest of the wing. My
motion pictures of a duelling pair also

show this action, with only one of the

birds lowering the primaries, spread-

ing them in a way that is reminiscent

of a fan being opened. Apart from
this, about the only way of identifying

a male crane is by its more aggressive,

more "male-ish" behavior.

When the Japanese cranes come to-

gether in a flock, a good deal of ag-

gressive behavior takes place, and
there is obviously some kind of estab-

lished hierarchy among them. In one
observed case, the weakest bird, which
was lame in one foot, was pecked at by
the others but never pecked back in

return. Young birds of the flock were
similarly bullied.

AGGRESSIVE display against a neigh-

. bor can be either of the "arched
over" or "arched under" type (shown
below). Both serve to display the red

patch on top of the head. If these pos-

tures fail to impress the threatened

bird, or if it fails to back away fast

enough, a short run and a lunge with

the beak, accompanied by a hiss like

that of a goose, follows. The run is

short because the adversary always

backs away in time; I never saw a

bird actually make contact, nor an op-

ponent stay to fight. Often a simple

threat posture is enough to send the

other bird running.

Many problems remain to be solved

concerning the behavior of the Japan-

ese crane. Study of the birds at the

nest should shed some light on these

problems, and if the birds expand
their range into areas where nests are

accessible, I hope to study them again.

GGRESSIVE BEHAVIOR, which aids in establishing some kind
i hierarchy in the flock, takes two forms: bird at center

postures in "arched under" pattern in threatening bird at
left; "arched over" position is shown in bird at far right.
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Sorcery, Religion

and the Man
Forms of magic can be social tools for solving some problems

MA^•
HAS CREATED many forms in

his quest for means of dealing

nth the world around him. ^Tiether

hese forms be material tools, social

rroups, or intangible ideas, they are

ill. in a sense, "instruments': each is

L means to some end: each has a pur-

>ose that it fulfills. \^1ien we think of

uch things as magical rites, a belief

n ghosts, or accusations of sorcery.

[o\ve\er, the matter of purpose be-

onies less obvious. In the descriptions

nd in the case history that follow, we
fUl try both to show something of the

By Philip Newman

magical and religious beliefs of a New
Guinea people and to demonstrate the

purposes that these beliefs have for the

men who hold them.

In the mountainous interior of Aus-

tralian New Guinea, the Asaro River

has its headwaters some thirty miles to

the north of Goroka, a European

settlement that serves as the adminis-

trative center for the Central High-

lands District. Near Goroka. the Asaro

flows through a wide valley where the

ground cover is mostly grasses and

reeds. In its upper reaches, this valley

narrows into a gorge where steep,

heavily forested ridges reach out to-

ward the river from mountain masses

on either side. Some 12,000 people live

on this part of the river, occup}"ing an

area of approximately 200 square

miles. While these people are cultur-

ally and linguistically similar, they do

not form a single political unit. In-

deed, before contact with Europeans,

the area was characterized by inces-

sant intertribal warfare. Even now,
when active warfare is no longer part

of their lives, the pattern of alliances

PrER ASARO MEN FCgularly gather ^^llo^l for Iniililini;. lumi

riU and mammals, and collect plants for food and medicine

5tanpin"G atart from other villaiie li.-..-:- i- :..ru"5 hoiise.

above, which can be distinguished by it? multiple roof poles.



and animosities among the tribes is

a factor in social intercourse.

Except for the cessation of warfare,

life in the valley today is little changed

from what it was before the Australian

government began active pacification

of the area after the end of World War
II. Almost daily, the people climb up

from the valley floor to enter the dense

forest on the mountain slopes. It is

here that building wood is gathered;

birds and small marsupials are shot

for meat, plumage, or fur; plants that

provide for many needs are collected.

BELOW an altitude of some 7,000

feet, the forest has been cut back

to make room for gardens that cling

to the sides of steep ridges and crowd

together in the narrow valley floors.

These gardens provide the people's

staple foods—sweet potatoes, yams,

sugar cane, and a variety of green veg-

etables. A woman spends most of her

time at garden work, preparing new
planting areas, weeding the crop, and

harvesting mature plants. In fallow

areas nearby she can turn loose the

pigs her husband has entrusted to her

care. If they wander too far afield by

evening, her call will bring them back

on the run. They know that a meal

awaits them, as well as a snooze by

the fire in their "mother's" house.

While each family may have one or

more houses near the forest or in their

garden, the center of social life is the

village. The villages are located on the

tops of ridges in spots usually selected

with an eye to their defensibility

against enemies. The fifteen to twenty

houses that compose each village us-

ually march in single file along the

narrow ridge. But, if space permits,

they are formed into a square. All the

houses are much alike—round, about

15 feet in diameter, made of double

rows of five-foot stakes. The space be-

tween the stakes is filled with grass and

the outside covered with strips of bark.

The roof is thatched and topped with

a long, tasseled pole.

Two or three houses always stand

out. They are larger, they are not in

line with the rest, and they may have

as many as eight poles protruding

through their roofs. These are the

men's houses. As a rule, men and

women do not live together, for the

men fear that too much contact with

women is weakening. For this reason,

a man builds a house for his wife—or

each of them, if he has more than one

—and then helps in the construction of

22

the larger house where he and the

other men of the village will sleep

apart. Ideally, all the men who live

together in a single house can trace

their descent back to a known, com-

mon ancestor. They thus constitute a

lineage. Such a lineage is connected to

the other village men's houses by

descent links, but in many cases the

links are so amorphous that no one

can actually tell what they are. Simi-

larly, several villages will be linked

together into a clan, but geneological

ties may be more imputed than real.

Just as the forest and the garden

represent the physical framework

within which each individual lives, so

too these various orders of grouping—

the lineage, the village, the clan, and

the tribe—represent the social frame-

work of existence. The members of

these groups are the people with whom
each individual is in daily contact.

They nurture him, teach him, and as-

sist him in times of crisis. It is from

these groups that he derives such

things as his name, his rights to the

land for gardening and hunting, and

the financial help that he needs when

it is time to purchase a wife. They hail

his birth and mourn his death.

In turn, each individual has obliga-

tions to the other members of these

groups. He acts as a representative of

his group when dealing with outsiders.

In this way, he enters into a whole

series of relationships with individuals

and groups outside his own immedi-

ate circle. He may visit a neighboring

clan to help one of his own clansmen

win the admiration of a prospective

bride by sitting up all night near the

hot fire singing love songs to her. Or

a trip may take him to a nearby tribe,

where he dances mightily with other

men to show that his group is appre-

ciative of the gift of food and valu-

ables they are about to receive. He
may walk several days over difficult

ground to reach a completely alien

group, where he can barter for shells,

plumes, or foodstuffs not available in

his own group. As in all societies, the

groups comprising the society provide

for the individual, while the individ-

ual, in turn, contributes some of his

efforts to the life of the group.

An Ogden Mills Fellowship, after a

trip to Australian New Guinea, has

allowed Mr. Newman to work up the

results of his field studies there. He
is with the anthropology department
at the University of California.

Man not only has his tools and his

society to help cope with the world : he

also has his ideas. There are some

problems presented by the environ-

ment for which the people of the upper

Asaro have not yet devised a mechani-

cal or technical solution. There are

other problems for which a technical

solution seems not enough. Finally.

there are problems for which an idea

seems to be an inherently better solu-

tion than a physical or social tool. It

is here that we enter the realm of

magic and religion.

A great many of the activities

among the upper Asaro people have a

magical or religious component. When
a child is born, it is cleaned, fed. and

covered with grease to help protect it

from the cool mountain air. It is also

protected, non-physically, by burying

its umbilical cord in some secluded

spot—so that sorcerers cannot later use

this piece of the new-formed being to

cause illness or death by magical

means. During the first few days of

life, the infant is also made to accept,

via magic, his first social responsi-

bility—not to cry at night and disturb_

its mother. A small bundle of sweet

smelling grass is placed on the

mother's head and her desire for un

interrupted slumber is blown into the

grass by an attendant. The grass is

then crushed over the head of the

child and its pungent odor released so

that the infant will breathe in the com-

mand along with the scent of the plant.

THROUGHOUT an individual's life

there will be magical rites to pro-

tect him from various dangers, to over-

come difficulties, and to assist his

growth. When a young boy kills his

first animal, his hand will be magically

"locked" in the position that first sent

an arrow on a true course. When he

reaches puberty and moves out of his

mother's house to begin his life in the

men's house, he will be ritually

cleansed of the contamination he has

been subjected to during his years of

association with women. If he were

not so cleansed, he would never be-

come strong enough to engage in

men's activities. During the years

when a young man is trying to win the

favor of a girl, he not only relies on his

prowess in singing love songs and his

decorations, but on his knowledge of

love magic as well. If all the usual

spells and potions fail, he may utilize

one especially powerful form that is

thought to make him appear to his be-



loved with an entirely new face—the

face of someone he knows she likes.

IN his mature years, when a man's

attention turns to the growth of

pigs and gardens, he will have magical

I

as well as technical skills to help him.

iGardens are not difficult to grow in

jthis fertile land, but it is still wise to

put a certain series of leaves across

one's fences, so that any thief will find

his arms and legs paralyzed should he

decide to raid the garden. It also be-

hooves one whose gardens are near

the main trails and settlements to give

them magical assistance, for a slow-

growing garden in such a conspicuous

place could be an embarrassment.

The raising of pigs is a more diffi-

cult matter, and it is here that magical

and religious rites become greatly

slsiborated. Some of these rites are per-

Forraed by an individual for his own
pigs. It may be a simple performance,

as when smoke is blown into the ear

of a wild pig to tame it. The theor)

is that the smoke cools and dries the

pig's "hot" disposition. On the other

hand, these individual rites may at-

tain considerable complexity, as in the

propitiation of forest spirits called

nokondisi. These spirits are capricious

in nature—sometimes playing mali-

cious tricks on men and sometimes

performing acts of kindness. Each

man, therefore, maintains a small,

fenced enclosure in which he builds a

miniature earth oven and a tiny house.

By placing food in the earth oven he

may be able to entice a nokondisi to

come live near his pigs and watch after

them. In return for the food, the spirit

will help bring in lost pigs, protect the

herd from thieves, and carry the ani-

mals safely across flooded streams dur-

ing the rainy season.

In addition to the magic performed

by an individual on behalf of his own
pigs, some rather elaborate rites are

performed by the lineage and clan for

all the pigs belonging to these groups.

The largest of these is the gerua cere-

mony, performed at intervals of from

five to seven years. In this ritual, hun-

dreds of pigs are killed and used to

pay off various kinds of economic ob-

ligations to other clans. It is a time for

feasting and dancing, for courting and

reunion. It is also a time for propiti-

ating the ghosts of the dead in the

hope that they will help the living grow

their pigs. All the pigs are killed in the

name of particular ghosts. The songs

are pleas for ghostly assistance. The
wooden gerua boards, with their color-

ful geometric designs, are visible sym-

bols to the ghosts that they have not

been forgotten. It is not tender senti-

ment that motivates this display, how-

ever. Rather, it is the fear that failure

to do so will engender the wrath of

the ever-watchful dead.

The magical and religious beliefs

that we have so far examined are all

used in conjunction with other prac-

N ITS LOWER REACHES, the broad Asaro Valley stretches

o the south. The ridges extending into it from east and

west are the lands of the Asaro people, whose gardens and

villages are cut from forests below the 7,000-foot level.
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Fragrant crass, transferred from head of mother to that

of baby on her back, is assurance that infant will not cry.

Proiection against rain is undertaken by two men puttinj

a magical "fence" around this public ceremony to prevent i

tices of a non-magical nature. There
are some areas, however, where no
purely technical solutions are avail-

able, and where magic and religion

are the only "tools" available. One
such area is sickness. The people of the

upper Asaro are not generally aware
of modern medical practices, although

efforts are being made in that direc-

tion. The non-magical techniques

available to them, such as inhaling the

steam from fragrant plants to relieve

a stopped-up nose, are few. These
remedies do not extend to more seri-

ous maladies. When serious illness

strikes, the only recourse is to magic.

The magical solutions available are

many and varied. There are herbs

with magical properties that are ad-

ministered in much the same way as

are medicines in our own society. I

made a cursory check, however, which
seems to show that few of the plants

possess any curative value.

Ghosts and forest spirits are fre-

quently thought to be the causes of
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illness, for they are deemed capable

of entering the body and devouring a

person's inner organs. Cures for such

illnesses usually involve propitiation

of the offending supernatural.

WITCHES and sorcerers are be-

lieved to be another major

cause of illness, for they are sup-

posedly capable of injecting foreign

bodies into a victim, or performing

black magic on objects that have been

in association with the victim. To cure

illness caused in this way involves

calling in a magical specialist who can

either extract the foreign bodies or re-

trieve the objects being operated upon.

While the ideas and rites listed here

do not exhaust the entire inventory

available to the group under discus-

sion, they give some sense of the

variety that exists. The notions are in-

teresting in themselves, but the ques-

tion of how an individual makes use

of these notions is even more fasci-

nating. Let us look at a crisis in the

life of one of these people, and see hoi\

he picks and chooses among the vari

ous "tools" at his disposal.

Ombo was a young man in his earl)

thirties. He had been married foi

about five years, but was childless.

Early one April, it was announced ir

the traditional style that his wife

Magara, was with child. On such ar

occasion, a food distribution is helc

in the village and the announcement

along with gifts of food, was sent ou

to related villages. Ombo was

structed in the food taboos he woulc

have to undergo during the period o

his wife's pregnancy to protect him
self from her increased contamination

All went well for the first few week:

and then Magara became ill. It ii

doubtful that her illness was associatec
)|

with her pregnancy, for her symptom!
were the classic signs of malaria—

J

rather rare disease in this part of th(

highlands. The first attempts to cur<

her involved a variety of highly re

garded pseudomedications.

i



threatening shower from breaking up prooeeilings. Often,

magic is the only available means of "controlling" nature.

Primitive I^"HAT.ER is used by head cold victim, who wraps

aromatic leaves around hot stone and breathes in the fumes.

A potion of sweet-smelling leaves

C\_ was administered. A command
o the effect that the illness should de-

)art was blown into the leaves, and

he leaves were eaten. It was thought

hat the command, thus internalized,

vould drive out the illness.

At various other times, attempts

vera made to relieve her headaches

md body pains by rubbing the af-

licted areas with stinging nettles. It

vas held that when the welts and the

)ain caused by the nettles subsided,

he pains in her bodv would also leave.

3n one occasion her husband blew

moke over her during a period of

ever because, as we have seen, smoke

s held to have a cooling and drying

ffect. He also painted various parts

)f her body with mud in an effort to

ause the pain to dry up at the same

ime the mud dried.

This kind of treatment continued

U mtil early May without any notice-

p ible improvement in Magara's condi-

ion. After almost a month had passed

and it became apparent that the illness

was not going away, Ombo began to

speculate on a possible cause. During

the next few weeks he came up with

several solutions. While he had been

away from the village, working for

Europeans in Goroka. he had acquired

some charms to help him win at a

card game popular among the sophis-

ticated younger men.

One of these charms was fairly new

and he was worried that he might not

have gained sufficient control over it.

Since he kept it hidden in his wife's

house, his conclusion was that the

charm was exerting its influence on

her and causing the illness. He there-

fore removed it from her house and

sent it away to a friend in another

tribe. There was no improvement in

his wife's condition.

Ombo's next action was to destroy

his spirit house. He had not kept it in

good repair and had not been diligent

in feeding the nokondisi that lived

there. His father suggested that the

angered spirit was taking revenge on

Magara. By destroying the house of

the spirit, Ombo caused it to retreat

to the forest where it could do no

harm. Finally, he burned the costly

paraphernalia of a potent sorcery tech-

nique he had purchased some years

before, fearing it affected his wife.

BY now it was late in May. Magara
had become so ill that she stop-

ped all but the most minimal work in

her garden. Concern about her illness

began to increase, and people outside

the immediate family began to specu-

late about its cause. Ombo's older

brother mentioned one day that a

malevolent ghost might be behind it.

It was not long after this that a meet-

ing was held in the mens house and

Fumai, a member of the lineage, re-

counted a dream he had had the night

before. In it. he had seen the ghost of

Ombo's great-grandmother sitting in

the forest near the spot where gerua

boards are displayed for the ancestors.
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Meat gardens cling to Asaro hillsides and extend down to

the narrow floors of the valleys. From these gardens, which
are solely the rehponsihility of the Asaro women,
of the staple foods on which the entire community

come all

depends.

She had covered herself with ashes

and, in a fit of self-pity, was wailing

loudly because no one had made a

gerua board in her honor at the last

gerua ceremony, and no one had killed

a pig in her name. Since ashes are put

on at the death of a near relative as a

sign of mourning, while clay is put on

if the deceased is more distantly re-

lated, and since ghosts are thought to

be capable of causing death, it was
toncluded that the dream was pro-

phetic. It implied the imminent death

of Magara at the great-grandmother's

hands unless something were done.

The next day, Ombo and his wife,

along with his parents and siblings, set

out for the spot where the ghost had
been "seen." A pig was killed there in

honor of the ghost. It was cooked in

an earth oven filled with valued food

items—the largest sweet potatoes, the

most succulent yams, and the most
highly prized varieties of taro. While
water was being poured into the oven,
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a speech was addressed to the ghost.

It was pointed out that the food had

been prepared and donated in her

honor at considerable trouble to those

present. The feeling was expressed

that she should be satisfied with the

amount and the quality of the offering.

She was then told to refrain from caus-

ing trouble in the future. As the food

steamed in the oven, a gerua board

was made in the ghost's honor and

placed among others in a nearby tree.

Some of the food was eaten and the

rest was later distributed among mem-
bers of the lineage.

THINGS seemed to go well for the

next few weeks. Magara im-

proved and was able to return to her

work in the garden. Discussion of the

topic was dropped. Then, late in June,

she suddenly became ill again. Ombo
was greatly upset. I suggested to him
that she might have malaria and

should be taken to the medical aid

post. But Ombo did not want to do

this, for by now he was convinced that

his wife was being attacked by a sor-

cerer. To deal with this threat, a magi-

cal specialist had to be called in. It

was several days before he arrived, for

he lived some distance away in an-

other tribe. As with any good "doc-

tor," his first acts were aimed at re-

lieving his patient's pain and fever.

With much physical strain, he literally

pulled the pain from her body and

cast it into the ground where it could

do no further harm. His next task was

to find out what was causing her

illness. For over two hours he sat chat-

ting with Ombo and Magara, discuss-

ing the history of the illness, the

treatments that had been used, and

their own life histories. All the while,

he puffed on a tobacco pipe made of a

:

bamboo tube. The degree of irritation

caused by the smoke in his throat sig-

nalized the appearance in the conver-

sation of significant diagnostic events.

;



Finally, he announced his conclusion

illness by black magic.

To eliminate the effects of the im-

)uted black magic, the object being

nanipulated by the sorcerer had to be

ecoxered. To do this, the magical

|5erialist first had a bundle of long.

hin leaves prepared. Into the bundle

vera put cooked pork and a variety of

lants with magical properties. The

pecialist never directly touched the

)undle himself, but directed Ombo in

ts preparation. When the bundle was

ompleted. it and a specially prepared

)amboo tube were both carried into

k'lagara's house. She was given the

ube to hold and the bundle was hung

n the rafters near the center pole.

Vitei a rite to protect her from further

orcery. Ombo and Magara were

ocked together in the house.

The specialist remained outside.

: walked round and round the

ouse, reciting spells and whirling a

pecial plant around his head. He was

ulling the unknown object away from

he sorcerer and bringing it back

lome. The ceremony became a real

truggle: the object would come tan-

alizingly close, only to slip away,

hen the specialist announced that the

bject had arrived. Magara was in-

tructed to open the bundle in the

afters. Inside, among the bits of meat,

ere a small spider and a piece of

tring of the type used to hang orna-

nents around the neck.

The spider. Magara and Ombo were

old. was an assistant to the specialist,

t had taken the string out of the sor-

erers house and into the open where

he specialist could reach it with his

owers. The sorcerer was thought to

e a young man who had once wanted

marry Magara. The existence of a

isappointed suitor was one fact that

ad come out during the specialist's

)ng interview. When Magara had

riarried Ombo. the suitor had become
ngry and cut a bit of her necklace

tring to use for sorcery. The specialist

laced the recovered string in the

amboo tube that Magara had been

olding. and the tube was then hidden

way among the thatch.

From that time until late Septem-

er, when I left the area, Magara did

ot experience anv further attacks of

llness, although she was not in the

est of health. The community con-

iLMOST INVISIBLE under her load of

reduce, Asaro woman trudges down
rem her mountain garden into village.

sidered her cured. Significantly, her

child was born prematurely in Septem-

ber and died two days later, but no

one saw any connection between this

death and her illness.

WHAT, then, can we say about the

purpose of such ideas and be-

havior patterns? A situation such as

Magaras creates a great deal of ten-

sion in an individual who experiences

it. If magic does nothing more, it al-

lows the bearer of this tension to act.

Both the patient and those concerned

feel that something is being done. The
pioneer anthropologist Bronislaw Mal-

inowski long ago made the point:

"Magic expresses the greater value for

man of confidence over doubt, of

steadfastness over vacillation, of opti-

mism over pessimism."

It is a rare man indeed, however,

who can maintain his confidence and
optimism in the face of repeated fail-

ure. The question then arises, why is

it that magic is not more readily given

up? Three answers have traditionally

been given to this question, all of

them valid. In the first place, for

people such as these, there is no alter-

native. Secondly, for the believer in

the efficacy of magic, the occasional

chance successes are more significant

than repeated failure. Finally, expla-

nations for failures are always at hand.

Inadvertent errors in spells or for-

mulas that must be performed pre-

cisely, or imagined countermagic. are

ready explanations that are necessar-

ily built into the very nature of magic.

The case history we have seen sug-

gests still a fourth answer. This an-

swer becomes apparent, however, only

if we examine the way in which an



individual makes use of the magical

notions available to him. In the pro-

gression of the various magical tech-

niques and explanations employed by

Ombo. we can see that they call for

behavior patterns allowing for in-

creasingly aggressive release of the

tension built up in him by the failure

of previously selected techniques.

The simple pseudomedicinal rites,

such as rubbing with nettles and paint-

ing with mud, were enough to reduce

the tension of the initial crisis. The
treatment was symptomatic and there

was no attempt to identify the cause of

the illness. When it became apparent

that these techniques had failed, we
find Ombo resorting to the more dras-

tic measure of destroying valuable

property. The frustration was not yet

great enough to cause him to seek out-

lets in other people: that which he

destroyed and removed from his use

belonged only to him. In the next

phase, we find that a ghost is predi-

cated as the causative agent. One need

not be nice to ghosts. They, like the

living, are thought to be a mercenary

lot who do not much care what is said

about them as long as they get their

just due. The speech made to the great-

grandmother was studded with com-

mands and expressions of anger at the

trouble the ghost had caused. This was

an excellent mechanism for the release

of tension, just as was the physical act

of killing the pig.

FINALLY, we see the most aggressive

act of all—accusing a specific indi-

vidual of sorcery. The accused indi-

vidual was a member of an enemy

tribe and lived some distance away. It

was, therefore, unlikely that accuser

and accused would often meet. But if

the two had come together, a fight

would have been inevitable. In former

times, this could have led to open

warfare. Thus, Ombo not only used

magic as a tool against disease, but also

selected the magical tools in such an

order that his own increasing anxiety

was relieved by increasingly aggres-

sive actions. It is thus not only the

forms created by man that enable him

to cope with the world he meets, but

the very way in which he manipulates

those forms that are available to him,

Ribbing with nettles is believed to

make other pains subside as back heals.

Food is placed before the spirit house. It is thought this

will keep .spirit in liouse and help owner to care for pigs.

Pic-killing ceremony, right, is carried out by man fo)

propitiating the ghost believed to be causing wife's illness



T¥l



30



Dolphins and

Hearin
A study of underwater sound perception

By WiNTHROP N. Kellogg

THE OCEANS cover nearly three-

quarters of the earth, to an esti-

mated average depth of about 13.000

feet. They are teeming with life of all

kinds. Yet what goes on in these un-

explored regions is one of the greatest

mysteries with which mankind is

faced. In some ways, he knows less

about it than he does about the stars

—for these, at least, he can see. Once

under water, the most important ave-

nue of investigation—the use of visual

observation—is either impossible or

else is limited to a very small area

close to the observer.

With the development of the science

of electronics, a new technique for in-

vestigating the mysteries of the deep

began to evolve. This is the method of

listening to what takes place beneath

the surface. If a man could not see

what went on there, he could at least

hear, and he could record the various

sounds that he heard.

During World War II the problem

of noisemaking in the ocean rose from

relative obscurity to great importance.

At that time, the method of detecting

the presence of enemy ships by listen-

ing for their engine and propeller

sounds began to be used. Not only

were submarines equipped with the

necessary apparatus to do this, but in-

stallations were also placed at import-

ant harbors along the coast to signal

the approach of enemy vessels.

Listening equipment of this sort was

set up during the winter of 1942 at

Fort Monroe. Virginia, to protect the

entrance to Chesapeake Bay. This was

Salt-water pool at Alligator Harbor,

left, was author's outdoor laboratory.

The two dolphins may be seen al center.

found on the whole to work well as a

detecting device. In the spring, how-
ever, the loudspeakers at the stations

on shore began to give off a concate-

nation of hammering noises, which re-

sembled a chorus of pneumatic drills

breaking up concrete pavement. In the

evening, particularly, this became so

voluminous that it drowned out com-
pletely any ship or propeller noises. It

was found that these noises were made
by schools of croakers (Micropopon I

returning to the bay after spawning.

Since 1951 we have been involved

with one of the most intelligent of all

animals—the bottlenose dolphin. Tiir-

siops truncalus. We have been attempt-

ing to answer the question of whether

dolphins "see" with their ears—
whether they can navigate without the

use of vision, smell, taste, or touch.

The whales, dolphins, and porpoises

belong to the taxonomic order of

Cetacea. All of them are warm-
blooded, air-breathing mammals.
They must continually come to the sur-

face or they would suffocate. All give

birth to their young alive and nourish

them with milk. Their ancestors at one
time lived on the land.

The bottlenose dolphin, in which we
have been interested, is a small mem-
ber of the Odontoceti. or toothed

whales. Bottlenoses. which are very

large, may reach a length of 10 or 12

feet, but measurements of a number
of specimens taken off the Texas coast

in the Gulf of Mexico show the aver-

age length in that locality to be closer

to eight feet. The weight of a seven- or

eight-foot animal is some 300 pounds.

Dolphins are fast-swimming ani-

mals. Although not so swift, the giant

whales possess tremendous mass. In

both cases, the momentum of the or-
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A

Stimulus and response are seen in the scope trace, lejt.

Water splash (a) elicited trains of sound pulses from the

ganism (the product of mass X veloc-

ity I is great. As a consequence, a

collision with a submerged obstacle,

such as a rock or the bottom of a ship,

would be disastrous. Obviously, these

animals must have some means of de-

tecting obstructions in their pathway

at a distance that permits avoidance.

ONE naturally thinks of the eye in

this connection, since this is the

primary organ of spatial perception in

man. One complicating factor for the

cetaceans is that their eyes are set far

on either side of the head. This means,

according to 0. R. Langworthy, "that

there is no opportunity for binocular

stereoscopic vision." Langworthy fur-

ther states: "it has been clearly shown
. . . that, in the dolphin at least, all the

optic fibres decussate in the mid-line

for anything more complicated than

panoramic vision." Panoramic vision

would not be nearly so good for the

accurate perception of objects at a dis-

tance as stereoscopic vision is.

Aside from this optical point, there

are physical reasons why vision does

not work well in water—no matter how
efficient the optical organ. For one

thing, coastal sea water often contains

a large amount of sediment or silt. The
sediment can be stirred up from the

bottom by waves and currents, or it

can be carried many miles into the

ocean by great rivers. Even far at sea

the water may be filled with clouds of

plankton that, like banks of fog, dras-

tically limit the range of vision. Fur-

ther, the bottlenose dolphin is a

frequent visitor in harbors, bays, and

estuaries, where the water may be so

turbid that visibility is limited to a

few inches. A big harbor contains both

moving and anchored ships, buoys,

pilings, docks, and piers. How can the

animal navigate amid such hazards

without the risk of accidents?
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Man has a method, which he is still

perfecting, for navigation beneath the

surface of the ocean without the use

of vision. This is the method of

"sonar," or echo-ranging. The princi-

ple of sonar is much the same as that

of radar, except that the range and the

speed of acoustical echoes are much
more limited than are those of radio.

Since radar will not work in water,

and vision is of little use for sub-

marine navigation, sonar is the sub-

surface substitute for both.

With sonar, a train of repeated

sound signals is emitted by an under-

water source. These signals are

usually of high-audio frequency or are

ultrasonic. Echoes are reflected back

to the source from the submerged

target. These are then translated so as

to reveal both the distance and, to

some extent, the shape of the target.

Now, the cetaceans are capable of

producing many kinds of sounds. Ob-

servations of these noises, at least in

the case of the dolphin, go back thou-

sands of years and are in no sense

modern discoveries. Thus, Aristotle

writes that the dolphin "when taken

out of water gives a squeak and moans
in the air." And Pliny the Elder, who
certainly knew of Aristotle's state-

ment, says "for a voice they have a

moan like a human being."

I have recorded Tursiops sounds in

experiments made at Bimini, in the

Bahama Islands, and at the Daytona

Sea Zoo. An analysis of these record-

ings has shown that the most common
are a birdlike, indeed, canary-like,

whistle and a rapid succession of click-

ing or clacking pulses, which occur in

series lasting several seconds or more.

The noises of the common dolphin.

Delphinus delphis, analyzed by Vin-

cent, have also been found to contain

whistles, "crackles," and mewings.

We have now to examine the ques-

tion of whether any of these sounds

are the sorts of noises that might con-

ceivably be used for echo-ranging or

for navigation in the sea. The question

might be rephrased something like

this: Do any of the noises resemble the

ranging or beaming signals of man's

electronic sonar?

In the case of the dolphin there is

an obvious similarity—which can be

recognized merely by listening—be-

tween the rapid succession of pulses

(the "sputtering" sound) and the

so-called pings sent out by sonar. The

principal differences, which can be dis-

tinguished at once, are, first, that the

frequency of emission of the animal's

pinging sound varies over a wide

range, whereas that of sonar is usually

constant; and, second, that the in-

tensity of the animal noises may also

be markedly altered within a single

burst of ranging signals.

THE animal's whistle, we think,

might be used in echo-ranging

but there is less likelihood of this.

It would be a frequency-modulated

signal: since the pitch is continually

changing, the returning echo at any

single instant would be different from

the pitch of the tone being emitted at

the source. Observations of captive

animals' whistles, however, suggests

that the sounds are more likely to be

some sort of a call. They may even

have emotional significance. The situ-

ations in which they take place and the

behavior that accompanies them at

times suggest an analogy with a cry

of alarm. When a youngster is sepa-

rated from its mother, for example,

much whistling ensues.

Think of the brain as an enor-

mously complex electronic computer.

Flowing into it is a continuous streami

of neural impulses, initiated in the]

receptors and transmitted via the sen-l



dolphin. Expanded series of dolphin clicks, above, shows
original signals and returning echoes (the smaller spikes).

>i\ nerves. These impulses are de-

III led and sorted in the higher nerve

centers. The process of classifying

them and associating them with pre-

viously stored impulses is what is

called perception. An ordinary man
is unable to perceive very much about

his surroundings merely by listening

to trains of echoes reflected from ob-

jects nearby. But the structure of the

bottlenose brain, the adaptation of its

acoustic receptor, and its responsive-

ness to ultrasonic frequencies all point

to a remarkable capacity in this direc-

tion. There can be no doubt that this

dolphin species possesses a receiving

mechanism that is quite sufficient to

take care of its own echo-rangino; sig-

nals. The next question is how to

demonstrate the bottlenose dolphin's

extraordinary perceptual ability of

reacting to waterborne echoes.

TO investigate the question, we
found it necessary to get dolphins

under closer observation than had pre-

viously been possible. The way to dis-

cover more about their sonar, we
argued, was not to study the wild ani-

mals at sea. Nor was it to make spor-

adic observations of animals in public

aquariums. We had to have some
specimens that we could study under

controlled conditions. It would be al-

most impossible to transport such

large, water-dwelling animals into a

standard acoustics laboratory. But we
could build a special laboratory, to-

gether with the proper equipment for

working with the dolphins in their

natural environment.

Our laboratory consisted of a large

outdoor pool at the Marine Labora-

tories of Florida State University,

forty-three miles south of Tallahassee

at Alligator Harbor on the Gulf Coast.

The mud and marl from which the

pool was excavated gave soft, sound-

absorbent sides and bottom, ideal for

studies of echo-ranging, since they re-

flected few echoes.

The over-all dimensions of the en-

closure were 70 by 55 feet, with a

depth at low tide of five and a half feet

52-in. galvanized audible dolphin signals

sheet metal immersion on immersion
pole

10-in. galvanized silent and dolphin signals

sheet metal audible on immersion
shape immersion

audible dolphin signals

immersion on immersion

Wooden black

streamlined

shapes

dolphin signals

rsion follow immersion
|

clear plastic invisible immersed dolphin signals

sheet: for long increase near

3x41/2 ft- periods target

food-fish brown and silent and repeated ^

silver audible dolphin signals

immersion
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Prelude to experiment involved haiul-teeding <il the two

dolphins, above, to accustom them to contact with handlers.

First fed on mullet, llie <ai)ti\c pair soon began to refuse

this fish, thus setting the stage for a discrimination test.

and a depth at high tide of about seven

feet. At the south end were two indi-

vidual cells, or cages, 15 by 25 feet,

which could be closed by doors pro-

jecting above and below the water

line. Salt water was supplied through

a sea wall, which protected the exca-

vation from wave damage. A walk was

built around the edge of the pool at

the water line, and a small dock pro-

truded from the south bank.

Along each of the longer sides of

the pool were rows of small telephone

poles. Cables were stretched horizon-

tally between these poles, 10 to 15 feet

above the water. From the cables we

could lower plastic partitions, wire

fencing, or underwater acoustical ap-

paratus at any place in the pool. We
could also haul observers out over the

water in "bosuns" chairs.

Into these surroundings were placed

two fine animals donated by the

Marine Laboratories, of Marineland.

Florida. With such facilities, we went

to work in earnest. First to be investi-

gated were the reactions that the por-

poises made to submerged targets of
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different size and shape. To this end,

we set up acoustical equipment and

kept a hydrophone almost constantly

in the pool. Some of the hydrophones,

which were used in this work, ( a Navy

type 3A and three type AX-58's I were

loaned on contracts with the Office of

Naval Research. Additional sound ap-

jaaratus consisted of a Navy type IK
transducer or underwater speaker,

tape recorders of different sorts, os-

cilloscopes, oscilloscope camera, high-

pass and adjustable band-pass filters,

air speakers, and other accessories.

This equipment (exclusive of hydro-

phones) was housed in an apparatus

room in a laboratory building that

was adjacent to the dolphins' pool.

WK listened to the underwater

noises made by the animals as

reflecting targets were submerged. The

sounds were picked up by a hydro-

|)hone and were sent through an air

s|)eaker so that human observers could

hear them. The sounds were also fed

to tape recorders, for subsequent an-

alysis in the laboratory. We could

record frequencies to 100 kc. ±5 db.

The sounds were also transmitted

to a cathode-ray oscilloscope and were

either photographed directly or from

a playback of the tape. In some in-

stances, listening, recording, and

photographing were undertaken simul-

taneously. In addition to the study of

the sonar-clicking responses, the

ability of the animals to locate, ap-

proach, and avoid submerged targets

was tested. These targets varied in

size, shape, and solidity.

The possibility that vision was used

by the animals in any of the tests was

eliminated by the turbidity or opacity

of the water within the enclosure.

Shoal water in Alligator Harbor is

cloudy and brownish from about April

through November ( depending on

water temperature I . although it clears

somewhat during the winter months.

This natural turbidity was augmented
in the pool by the mud stirred up 1)\

the animals' swimming.

Measurements of turbidity were i

taken regularly with a 20-centimeter

Secchi disc, a circular, white, reflect-



ing surface, which is submerged in a

vertical direction until it becomes in-

visible. The depth at which it disap-

pears from view is measured in inches

from the surface. For the purposes of

this investigation, divers also made
Secchi measurements in a horizontal

direction within the pool, about one

foot below the surface of the water.

The horizontal thresholds obtained in

this way were found to be about equal

to the vertical readings. The trans-

mission of light was further checiced

by transparency measurements of

water samples with a photoelectric

colorimeter. The results of these tests

confirmed the Secchi readings.

DURING the months when our ob-

servations were made, the Secchi

thresholds averaged 24.1 inches, with

a standard deviation of 10.1 inches.

Since the Secchi disc is a brilliant

w hite. this means that black or neutral

slimuli— like many of those used in

ihese studies—would disappear from

\iew at shorter distances. Neverthe-

li .~s. to insure a more than adequate

niaijiin of safety, test objects were im-

mersed in the present instance from

eii;ht to fifty feet from the nearest

dolphin's position. These targets were

put in only when the animals were at

rest— that is. in one position in the

pool. As a final control on the remote

possibility that vision played any part

whatever in the reactions of the ani-

mals to submerged objects, some tests

took place at night during the dark

phase of the moon.

The sonar-like clicking sound was

the basic response made by the dol-

phins to the objects we immersed.

Separate trains or bursts of these

sound signals occurring in the pool

would generally last from one to five

seconds, although successive series

night follow one another rapidly. The
spacing, or rate-per-second, at which

he individual pings took place within

uiy given train or series varied con-

dderably. This variation extended

rom only a few to as many as several

lundred pulses per second.

The animals appeared to alter the

pacing or timing of the pulses in ac-

ordance with what they were pinging

)r beaming on. Our observations sug-

gest that the pulses occurred closer

ogether if a dolphin swam toward a

arget after its immersion. In some
ases. an animal would change the

ate-per-second of the pulses within

he limits of a single burst. If, for ex-

;iniplc, llie clicks started slowly but

accelerated in rate-per-second, they

would be individually audible to hu-

man ears at first, but would lose their

identity as the whole series took on a

tonal quality of its own.

Perhaps the simplest method of eli-

citing the underwater sound clicks

was to throw a pebble into the water.

The noise of its splashing was followed

immediately by one or more trains of

pulses. Stronger splashes, such as

those caused by a rock or pebbles,

elicited louder and longer reactions.

Observations like these led to a

systematic attempt to examine the ef-

fects on both the auditory response

and the general behavior of the ani-

mals that might be produced by dif-

ferent sorts of sound-reflecting targets.

We made streamlined objects that

could be lowered slowly into the water

at the end of a line without causing

the slightest noise on immersion.

Other targets were prepared that were

intended to produce water noise or

surface splashing. Whether or not any

sound occurred on contact with the

water was continuously monitored by

underwater listening.

The shape and over-all dimensions

of nine of these devices are shown on

p. 33. Items 1 and 2 in this figure

were made of 28-gauge sheet metal

and were triangular in cross section,

two inches to the side. Item 3 repre-

sents a BB shot; items 4, .5, and 6 are

black, streamlined shapes; item 7 is

a clear plastic sheet; and items o and

9 represent food-fish, chosen approxi-

mately in the lengths indicated. The
last two targets may be considered

"soft" targets, in the sense that they

absorb auditory vibrations better

than the others. No change was noted

in the character of the sonar response

in such cases, although it may be as-

sumed that the echoes these targets

returned would be different in fre-

quency composition from those sent

back by harder reflecting surfaces.

To discover the effect of splashing,

alone, on the animals, isolated splash-

ing sounds were produced without the

subsequent insertion of a target. The
best method of accomplishing this was
to drop measured quantities of water

from known heights above the sur-

face. This was done by an assistant

suspended over the center of the pool

in a "bosun's" chair. Tests were made
in calm weather when there was no
wind or water disturbance.

WE found that the noise made by
a single drop of water from a

height of approximately five feet was
a below-threshold stimulus. But a

half-teaspoonful of water, or larger

amounts, would invariably elicit the

Small spot, the preferred fish, and
larger mullet were both offered to the

hungry dolphin. A plywood screen kept
the experimenters' moves out of sight.
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sonar response. Water from a half-inch

garden hose—played even moment-

arily upon the surface—produced

great disturbance, loud sound signals,

undulating "alarm" whistles, and

"fright" swimming reactions.

On several occasions, a sudden

shower of rain would fall while we

were experimenting. The animals' re-

sponses were the same as to the jet

from the hose—presumably because

the relatively shallow depth of the pool

allowed no escape from the surface

din to deeper and quieter water.

It became clear from these observa-

tions that clicking noises could be trig-

gered by splashes of almost any kind.

But such responses were not sustained

unless reflecting targets—from which

echoes would return—were actually

present after the splash. The "plunk"

made by a single BB shot, for example,

was sufficient to initiate a train of

signals. Since the shot sank rapidly,

however, the sounds soon stopped.

SOME special results came to light

during these tests. First, even

though they remained in the same lo-

cation within the pool, the animals

emitted periodic trains of sound pulses

every 15 or 20 seconds. These ap-

peared to be exploratory pings, equiv-

alent to "glancing" or "peering" in

the field of vision. Second, a food-fish

silently immersed from in back of a

screen elicited no reaction until a

train of exploratory beaming signals

indicated its presence. Thereupon, the

trains of echo-ranging noises became

almost continuous as the dolphin ap-

proached and took the bait. Since an

animal usually lay at or near the top

of the water during feeding, it could

clearly be seen to lurch or jerk for-

ward by giving a powerful movement

of its tail flukes the moment echoes

were received. It obviously "knew"

that a food-fish had entered the tank,

even though visual perception was im-

possible in the turbid water.

In swimming toward a small target,

such as food-fish held beneath the

water, a dolphin could often be seen

to turn its head alternately to the

right and left. Oscillating head move-

ments occurred only (a) while the

animal was emitting trains of sound

pulses and ( b ) when the target toward

which it was swimming could not be

visually identified because of the tur-

bidity of the water. Observations of

this phenomenon indicate that a com-

plete cycle takes place in from two to

three seconds. The oscillating activity

was noted up to ten feet from the tar-

get, and it continued until the dolphin

came close enough to seize the food.

The only adequate interpretation

of this activity appears to be that it is

a means of orientation to the echoes of

the sound signals that are reflected

back from the target. The sound pulses

broadcast by the dolphin do not ap-

pear to be highly directional—prob-

ably no more so than the human voice.

SCREEN

Discrimination test, diagramed here,

faced dolphin with choice between

36

the two fishes at distances where visual

basis for the selection was ruled out.

Threshold of visibility for obser

But the echoes returning from an ob-

ject at a fixed point would vary con-

tinuously as the locus of the animal's

ears changed with reference to the

source of the echoes.

The oscillation of the head is ex-

actly what one would expect in the

pinpointing of an object by means of

reflected sound. It is the same sort of

activity in which a human being would

engage if he were using binaural local-

ization. The head movements of the

animal would constantly modulate the

phase and intensity differences of the

echoing sound waves reaching each

of the ears. They would also alter the

time interval between the emission of

a pulse signal and the return of its

echo to each ear. The continuation of

the process as the dolphin swam for-

ward would enable it to determine

with great precision the direction from

which the echoes came.

Since the noises that make up the

echoes are emitted by the animal it-

self, the activity as a whole amounts

to a kind of scanning by sound. We
suggest, therefore, the term "auditory

scanning" as a good name for both the

acoustic and the general behavior

comprising this elaborate pattern of

activity. The stream of information

produced by auditory scanning must

be instantly analyzed by the animal's

brain. The mechanical counterpart of

such a receptor system would be a

sonar apparatus with one transmitter

and two independent receivers, plus

an electronic computer capable of de-

coding and processing the data—all

within a single compact unit.



Approachinc bait, llie dolphin, below,

could not make use of vision, because
of the turbidity of water in the pool.

EVEN though dolphins evidently

possess a fine sonar system, it

still remains to be demonstrated that

the system is actually used for orienta-

tion and navigation. Do the animals

employ it in a positive way to seek

and find food-objects? Do they em-

ploy it in a negative way to avoid ob-

stacles while swimming?
At the laboratory in Alligator Bay

each dolphin was fed daily from 15 to

18 pounds of fresh (frozen, but de-

frosted I fish. The fish were either

thrown into the pool one at a time or

fed to the animals directly from the

hand. Suppose that a food-fish is

thrown into the turbid water in such

a \vay as to strike the water 30 feet or

so from the two experimental animals.

If the test is to be critical, the animals

should neither be able to see the fish

in the air nor should they be able to

see the motions of the thrower. The
instant the bait strikes the water, both

porpoises immediately turn and race

to\vard it at maximum speed, al-

though, before they can arrive at the

spot, the fish will have sunk.

By then, the bait is not visible to

human observers on the bank, nor to

the animals. Yet one or the other of

them never fails to retrieve it and
usually surfaces almost immediately

with the fish in its mouth. The whole

procedure takes but a few seconds.

There is no exploratory or searching

behavior whatever. It is clear, of

I course, that the sound of the splash

sives the direction for swimming. But

the sonar process is undoubtedly used

in findina; the fish as it sinks.

Can senses other than hearing be

used for locating such a submerged
target? Obviously, the method of dis-

covery in extremely turbid water can-

not be a visual one. It cannot be olfac-

tory, for the sense of smell is missing

in these animals. Gustatory reception

seems highly improbable in such a

situation, for the chase and seizure of

the fish are much too fast for any tast-

ing to take place. There remain the

tactual and temperature senses, and
hearing. We are forced by the process

of elimination to infer again that hear-

ing is the sensory channel employed.

Ar first, our two subjects were fed

.
on mullet, but they soon began to

refuse this fish. It therefore became
necessary to supply them with a fish

called spot, which they ate readily.

Either of these food-fishes, held by the

tail beneath the surface of the water,

would be approached from distances

well beyond the range of visibility.

Upon contact with a mullet, a dol-

phin would reject it: the spot would

be seized and eaten. A similar distinc-

tion existed when the fishes were

thrown into the water at a point dis-

tant from the animal's position. Both

spot and mullet would be actively

chased, but the mullet was almost

never taken by the dolphins.

As a consequence of this behavior,

the question arose whether the animals

could discriminate between a prefer-

red fish (the spot I and a non-preferred

fish (the mullet I without seeing either

fish. The sonar process would then

have to be used as the method of

selection. With the use of this natural

preference, an experiment was ar-

ranged to which proper controls could

be applied. The discriminating cues

were differences in the sizes of the pre-

ferred and non-preferred stimuli. To
this end, mullet, which were about

twice as large in over-all length as the

spot, were selected. The subject of the

experiment was Albert, a young and

vigorous adolescent. Albert was over

seven feet long and weighed in the

neighborhood of 300 pounds.

Number of times that Albert touched

or took the wrong fish soon diminished.

Sessions 10 and 12, on two moonless
nights, proved vision of no importance.
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Dr. Kellocc, who is Professor of

Experimental Psychology a( Florida

Slate University, has recently done
a hook — Porpoises and Sonar— {©
1961, University of Chicago) from
which his article here is excerpted.

Two feet from the end of the en-

closures dock, which protruded 15

feet into the water at the south end of

the pool, we placed a rectangular sheet

of plywood, 24 by 28 inches. The ply-

wood was fastened on brackets, so that

it could be raised or lowered with

changes in tidal level. During an ex-

perimental session, its lower edge was

one to two inches beneath the surface.

This left a vertical screen from behind

which the target-fishes could be sub-

merged without giving visual cues.

At the beginning of a trial, a man
on the dock simultaneously lowered a

positive and a negative stimulus (a

spot and a mullet! into the water. A
fish was held by the tail in each hand,

so that both the tail and the hand were

concealed behind the lower edge of the

plywood screen. The points of in-

sertion were two feet apart and were

fixed with reference to the vertical

edges of the screen. The distance of

immersion was about six inches for the

spot and about a foot for the mullet,

measured from the bottom edge of the

plywood. The positions of the positive

and negative stimuli were randomly

rotated from trial to trial.

THIS plan presented Albert with a

size-discrimination problem. The

positive stimulus (the spot) offered a

smaller reflecting surface than the

negative stimulus (the mullet) . It was

Albert's task to approach and take the

spot and at the same time to avoid the

mullet—without employing vision in

the selective process. Albert was about

23 hours hungry at the start of any

experimental session.

A trial began when the subject was

completely "ready." Being ready con-

sisted of the animal's coming to the

top of the water and maintaining a

fixed position several feet in front of

the plywood screen. In such cases, the

dolphin stopped swimming and lay

upon the surface, waiting or "treading

water." Its dorsal fin remained above

the water, and the top of its head

would alternately rise and fall a few

inches every few seconds as it came up

to blow. The man on the dock im-

mersed the two fishes at the instant

Albert was in the process of blowing.

The fish were inserted head downward

and silently. Any uncontrolled water

noise, which may have occurred inad-

vertently, was adequately masked by

the "whoosh" of the animal's blowing.

At the moment of immersion the

fish-holder quietly said, "In." Upon
this signal, the man controlling the in-

struments began to time the trial. Two
independent time measurements were

recorded, each of which began at the

start of the trial. When Albert touched

a fish with nose or mouth, the fish-

holder said, "Contact." When Albert

took the bait from his hand, he said,

"Take." The fish-holder could tell by

touch—both in daylight and in the

night sessions—the instant Albert

touched or took either fish.

Fourteen experimental sessions of

this sort were conducted. These ses-

sions were distributed irregularly—

because of weather and other condi-

tions—over a period of about six

weeks. From fourteen to twenty-seven

discrimination trials were given at a

session, the exact number depending

on the strength of the dolphin's hunger

drive. When Albert refused to ap-

proach the feeding station, a session

was necessarily terminated.

The percentage of incorrect choices,

or errors, made by Albert in the 271

trials of this experiment have been

plotted for each session. Errors repre-

sent trials in which the negative fish

(or mullet) was either touched or

taken. It is apparent from this curve

(p. 37 ) that some learning took place,

although the largest percentage of

errors in any one session was no more

than 28 per cent. This relatively low-

error score indicates the degree of dis-

crimination that was present from the

very beginning—even in the artificial

and unnatural situation of the experi-

ment. In the last seven sessions (Num-

bers 8 through 14) , totaling 140 trials,

there occurred not one wrong choice.

That Albert's discrimination was

really accomplished by echo-ranging

and not through some unknown sen-

sory means was confirmed in three

distinct ways. The first of these was

the altered pattern of ping that oc-

curred after the immersion of the

target fishes. Underwater acoustical

gear permitted observers to listen to

the audible component of the animal's

noises as the sounds were being pro-

duced on any given trial. Typically,

Albert sent out intermittent bursts or

trains of sonar pulses while waiting at

the ready or starting point. The first

series of signals, which occurred after

the immersion of the stimuli—that is,

the first series that would return

echoes from the fishes—was accom-

panied by a forward lunge as the dol-

phin suddenly moved his powerful tail

flukes. A start toward the goal was

never made during a silent period be-

tween trains of signals. As Albert ap-

proached and took the bait, the ping-

ing sound-trains became continuous,

or nearly continuous. Moreover, Al-

bert would sometimes oscillate his

head to the right and left in approach-

ing a fish, as dolphins are known to do

in pinpointing a target.

Session 10 and Session 12 were con-

ducted on nights when there was no

moon. It was a fortunate coincidence

that, on both occasions, the sky was

also heavily overcast so that starlight

was also eliminated. Albert's discrimi-

nating ability under these night con-

ditions was quite the same as in the

daylight. Lack of light did not disturb

efficiency of performance, nor did it

alter the dolphin's behavior in any

observable manner. Visual perception

in the turbid water of the pool would

most certainly have been reduced—if

not eliminated completely—in such

darkness. Echolocation or auditory

perception, on the other hand, would

remain unchanged.

Finally, two supplementary control

sessions were given in daylight at the

end of the experiment. In these new

trials, a six-inch spot was paired with

a mullet that was now held, like the

spot, so as to protrude only six inches

beloiv the plywood screen. The two

stimuli, in other words, were in this

case of approximately the same size.

In the first control session, Albert

made two errors. In the second ses-

sion (20 trials
)

, there were 10 errors.

Combining the results of these two ses-

sions gives a total of 40 per cent errors 1

for the 30 control trials. Yet, in well

over 100 previous trials—when the

positive and negative stimuli had

differed in size—the animal had com-

mitted no errors at all. Thus, elimina-

tion of size differential had obviously

disrupted Albert's discrimination.

These facts seem to demonstrate

conclusively both that Albert's dis-

crimination was made on the basis of

size and that it was made by means of

the dolphin's echo-ranging capability.

Experiments ended, the two dolphins

were removed from the laboratory pool

and turned free in the Gulf of Mexico.
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A startled flock of pelicans, which
had been quietly feeding in the shallows

of the lake, noisily take wing.

4b. ««!iikr y

The Death

of an IsraeU Lake
40



f -•

ONCE A FISHERMAN ON Lake Hule, in Israel. Peter

Merom became enthralled with the changing aspects

Iand
moods of the lake in all its seasons—with its plants, its

liirds. its fishes, and with all the rest of its living things.

Xciw the lake is no more. Its 20 million cubic meters of

i\ aler. which had been contained in about 3.500 acres, have

let-n diverted into the Jordan River, and the area it once

;u\ ered has been reclaimed into fertile fields. Today, what

Kad been a lake is under intense cultivation, producing

I
maize, rice, sugar cane, cotton, and other vital produce,

as well as industrial crops. In addition, millions of gallons

of water, formerly lost each year through evaporation from

large lake-edge swamps, are now being used productively.

Just before the lake vanished, Peter Merom began to use

a camera. Then photography, which began as a hobby, be-

came a livelihood, and his work has been published in eight

books, including The Death of the Lake, from which the

pictures on these pages have been reproduced. They chroni-

cle one mans subjective view of a loved and well-known re-

gion, from its lush davs of flocks of birds, myriad plants,

and abundant fishes, to the first weeks after the lake died.

While Lake Hules replacement by much-needed agricul-

tural land is of benefit to the country of Israel, the natur-

alist in Merom could not avoid a few pangs of regret. That

regret is clearlv mirrored in his sensitive recording of

what had for many years been his familiar fishing grounds.
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Great crested grebe, undisturbed, swims low in the water,

its distinguishing head feathers flattened and generally inconspicuous.

/

With flaring crest and spreading feathers forming skirtlike frills at

its neck, aroused grebe is ready either to attack or defend.

Water plants stand in the shallows of Lake Hule, washed by the gentle

ripples from passing boats or, perhaps, of a passing breeze.
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The water plants no longer stand erect. Instead,

their jointed stems bend and break while the lake withers.



Before the water left, little snails could be

found clinging to the smooth, bright green leaves of plants

that grew abundantly in the swamp and in the shallows.

The lake has vanished. On the desiccated earth,

now fissured as if by an earthquake, are scattered tiny, mute

remnants of water life—thousands of empty snail shells.
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In the Quiet
The camera captures the odd

Photographs by

WATCHING INSECTS WHIR ABOUT, One might conclude

that the creatures spend their lives in ceaseless ac-

tivity. This conclusion, according to Dr. Fritz Schremmer,

would be fallacious. An entomologist with the University

of Vienna's Zoological Institute, Dr. Schremmer discovered

that many insects really pass much of their lives in sleep.

Sleep: the word evokes thoughts of a comfortable bed

or a soft chair, for human beings normally sleep in a prone

or reclining position. However, as Dr. Schremmer's photo-

graphs show, insects take their rest in a variety of positions,

most of which look not the least bit restful.

Many solitary bees and some types of wasps, for ex-

ample, assume bizarre postures during slumber. Upon re-

tiring, they climb a plant's dry stem or proceed to the tip

Mason wasp winds its body

closely around stem of a plant.

Another bee fly, Bombylius

major, hangs from twig's bottom.

Proboscis of tlie Bombylius

punctatus bee fly points to sky.



of the Night
postures of sleeping insects

Fritz Schremmer

of a blade of grass, gripping the perch firmly with their

mandibles. This grip may be so secure that the insect will

draw its legs up close to the body, since they are not needed

for support. Sleep itself may bring on a sort of cataleptic

rigidity. Certain bees may be able to remain thus suspended

by the jaws for several hours or even for days.

Another strange sleeper is the mason wasp, Celonites

abbrevialus, which grips the stem of a plant with its legs

and, often, with its jaws, then rolls its body around the

stem. Equally odd is the tendency ofvthe male burrowing

bee, Halictus calceatus, to gather in groups of up to forty,

clustering on the empty fruiting bodies of various plants.

They crawl about and clean themselves before falling asleep,

then rest quietly en masse until awakened by daylight.
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Burrowing bee group rests

on fruiting bodies of a teasel.
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Blue butterfly of family

Lycaenidae slumbers head down.

inP \

Legs support a sand wasp's

body as mandibles clamp a stem.

Digger wasp Cerceris rybensis

sleeps in seed capsule of catchfly.
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i0^ Bee Trachusa byssina hangs

by its mandibles from tip of leaf.
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Dew glistens on wings of

•'**, skipper butterfly as it rests.

m.

A male bee of leafcutter family

uses jaws to grasp stem.



Gymnosoma rotundatum
.

a parasitic fly, sleeps on teasel.



GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE-UP,

(^•A
\\hyk\:[^\H
for FUN. STUDY or PROFIT

See the Stars. Moon. Planets Close Up!

3" ASTRONOMICAL REFLECTING TELESCOPE

Power—Famous Mt Palomar Type' An Unusual Buy!
~|See tlie Uimks of Saturn, the

i fascinating planet Mars, huge
crater'; on the Moon. Equa-
torial mount with lock on both

axe"; Aluminized and over-

ccnted 3 diameter high-speed
f HI mirror Telescope comes
uiiiippLd with a 60X eyepiece
in ! T mounted Barlow Lens.

,1 Finder Telescope in-

\0I I ill Ls( 01 1

85 050 E $29.95 Postpaid

*'h' ASTRONOMICAL TELESCOPE UP TO 255 POWER

New Vibration- Free Metal Pedestal Mount

With this scope you can see everything

with greater power. Also, it will split

closer double stars. Mirror has twice the

light-gathering power. Rack-and-pinion
focusing, real equatorial mounting —
only one motion needed to follow the

stars! Aluminum tube. 6-power finder

telescope. 2 standard-size eyepieces and
mounted Barlow lens give you powers or

45x, 90x, 135x, 180X and 225x. Low-cost
accessory eyepiece available for higher

powers. FREE with Scope: Valuable
STAR CHART plus 272-page "HAND-
BOOK OF THE HEAVENS" plus the

"HOW TO USE YOUR TELESCOPE." Shpg. wt.

5.

No. 85.105-E $79.50 f.o.h. Barrington. N. J.

tflcsiopc as (lestTibea above but equipped with

$ 1 09 00 f o b Barrington, N. J.

A FASCINATING DINOSAUR COLLECTION
Wo

•dentists, hobbyists, etc. Exceptional

the collector, or pieces i

Set includes scv

nd homes of

.,s a gift for

! unique paperweights,
-the brontosautus and tyran-

niy two—plus a fine model of the

woolly mammoth. All figures are heavy papier-mache type

fculpturcs reinforced with wire skeletons, handsomely

liand-palnied in Italy. Sizes range from 4" to 8" high.

Stock No. 70.471-E SIO.OO Postpaid

CIRCULAR DIFFRACTION GRATING

JEWELRY 1" DIAMETER

A Dazzling Rainbow of Color!

As a scientific phenomenon, this new
kind of jewelry is capturing atten-

tion everywliere Shimmering rain

bows of gem-like color in jewelrv of

exquisite hcmity—made with Clltn
LAB DIFFRACTION GRAIIM
REPLICA. .Tiist as a prism breaks >i|.

light into Its full range of Imlniduil
colors, so .Iocs llio Diffiutjon Critinc

Stock it30.349-E— Earrings $2 20 PstBd

Stock itao. 350- E—Cuff Links $2 20 PstptI

Stock i;30. 372- E— Pendant S2 20 Pstpd

Stock i:30,390-E—Tie-Clasp SI 65 Pstpd

Stock i40.5l9- E— Bracelet (Six %" Gratings) $7 70 Pstpd

•FISH' WITH A MAGNET ^~»^? .?^

Go Treasure Hunting On The Bottom ^
Great idea! Fascinating fun and some
times tremendously profitable! Tie a llm
to our 5-lb. Magnet—drop it overboard Id bay.
liver, lako or ocean. Troll it along the bottom

—

jour "treasure" haul can be outboard m.
chors, fishing tackle, all kinds of metal valuab]
5-lb. Magnet is war surplus—Alnico V Typ

Stock No. 70.183-E 5-lb Magnet J9 95 Postpaid

AGES-OLD FOSSIL COLLECTIONS

rs~

7 '"

• /J scallop
"^ 1 snail fossil CARBONln ItOI s

SFT Brachlpod worm burl crln I 1

BteiD fu ul re horn coral bryozoan snail ani clam
CRFTAt I Of S SET Brachlpol oyster sea urchin ptrtl
fled wo d etc All three sets for one low price

St0l:k No 50 344 E $3 76 Postpaid

Terrific Buy! American Made!
OPAQUE PROJECTOR

Projects illustrations up to 3"x3'/2"
and enlarges them to 35" i 30" it

OVs ft. from proji

Projects charts, diagrams, pictures.
photos, lettering in full color or

black-and while. Operates on 115
osion cord and plug included.

. . included. Approved hy Under-
Laboratories Inc. Size 12"xS"x4iA" wide.

Weight 1 lb 2 oz Plastic case with built-in handle.

Stock No, 70.199-E S7.95 Postpaid

NEW BINOCULAR-TO-CAMERA HOLDER
For Exciting Telephoto Pictures

uth
tin

7x50 h

BINOCULAR - TO - CAM
EtlA nOLDEU. Ideal for long
range shots of wild life, flyin
iiirds, nests, etc. Cam

attacli easi
bit

lovie. Take color or black and white.
Full djreitions for making telephoto's.

Stock No. 70.223-E SI 1.50 postpaid

LIFE SIZE VISIBLE HUMAN HEAD
Precise, full color, take-apart model

[

Study the most complex organ easily, inex- ^
pensively. Ideal for student, hobbyist, profes- '.i.«,*«i^4
slonal. You will be amazed at the detail.

^-^ »y
Molded from actual human skull. Eyes,

eth easily removed and disassembled for ^
complete study. Entire brain, spinal cord and '"'t^*
organs of mouth and throat presented in vivid , ^\ix
detail. Amazingly low price—conforms to rigid

^

laboratory standards, le-page fully illustrated
medical handbook included.
Stock No. 70.447-E $9.95 Postpaid

OTHER VISIBLE TAKE-APART MODELS
Stock No. 70,470-E Heart $3.00 Pstpd.
Stock No. 70,228-E Man $4.98 Pstpd.
Stock No. 70,283-E Woman $4.98 Pstpd.

SCIENCE TREASURE CHESTS
For Boys — Girls — Adults!

ful I

e Chest— Extra-pow-

pass. one-wav-mirror film, prism,
diffraction grating, and lots of other
items for hundreds of thrilling ex-
perinienis. plus a Ten-Lens Kit tor

making telescopes, microscapes, etc. Full instructions
included.

Stock No. 70.342-E S5.00 Postpaid

Science Treasure Chest DeLuxe—Everything in Chest above
plus exciting additional items for more advanced experi-
ments inclinling crystal-growing kit. electric motor, molec-
ular models set. first-surface mirrors, and lots more.
Stock No, 70,343-E SIO.OO Postpaid

BLACK LIGHT MAGIC-GLOV/ KIT
r^^a U lib this Kit, you can collect fluores-

|^9F ^* " "t rocks, paint with living light.

# t( III Hon methods, "even make a fluor-
cMinl Christmas tree I Kit uses long-
"111 bhckliglit. which is completely

-^
to i hilt <

in over 3.000 substances. In-
Magic Glow Lamp, universal

laljoraiorv 1 unp stand invisible water paints and inlc.

fliiorcicent fn\nn tracer powder, pen, 3 brushes, specimens
nf niKircsccnl rot Its wernerlte from Canada, fliiorite from
Lngland willemite from USA. Plus boob of 40 experi-

Stock No. 70,25G-E $1 1.95 postpaid

BUILD A SOLAR ENERGY FURNACE
fascinatinR new fieid. Build your own Solar
nace for experimentation—many practical
j. Easyl Inexpensive! Use scrap-wood:

.^h instruction^. a.Mio ouu ,.,ui

will generate terrific heat—2000
Fuses ename[ to metal. Sets paper aflame in

powered furnace

' rresnel Lens-
7 \ 50 s norma
70 130 E Pre

Exciting New Low-Cost MOON MODEL
An Outer-Space

Conversation Piece
Exact replica in relief, with 30.000
formations for study—peaks, cra^

Ocean of Storms, etc. lt"ormationi
scaled to size. Distance relation-
liips held to narrow margins. A
nluable teaching aid and outer
space display for museums and in^

stitutions. With proper lighting ii

black light" produces spectaculai
effects! filade of tough, washable plastic in three colors
can be marlted without damage. Reverse side is blank tc
provide room tor present and future space data. Wonderful
gift for amateur astronomers and space enthusiasts. Excit-
ing conversation piece for living room or den. 12" diam.
wt. % lb. Priced remarltably low.

Stock ii:70,5l5-E $12.50 Pstpd

WAR SURPLUS ELECTRIC GENERATOR
Brand new Signal Corps Electrii
Generator for scientific experi
ments. electrical uses, demon
strations. Generates up to 9(

volts by turning crank. Use li

high impedance relays. Charge
ground and bring up night
crawlers for bait or study,
orth original price. Wt. 2 lbs.

Stock No 50,365-E $9.95 Postpai

New! 2 in 1 Combination! Pocket-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

(25
Useful Telescope and Microscope eombin
In one amazing, precision instrument. In
ported' No larger than a fountain ne
Telescope is 10 Power, Jlicroscope macn
fies 50 Times. Sharp focus at any rans
Handv for sports, looking at small objeci
just plain snoopinc

Order Stock No. 30.059-E, S4.50 nu

WAR SURPLUS! American-Made

7x50 BINOCULARS

view
a) elc. ated. An

lent night giasi
mended for satellite viewing,
lividual eye focus. Exit pupil
nm. Approx. field at 1.000 yds.
37G ft. Carrying case Included.

: 50's
you

ally cost $274.50. Our

Stock No. 1544-E only $74.80 pstpd. (tax included
6 X 30 Binoculars—similar to above and a terrific bargain
Stock No. 963.E $33.00 pstpd. (Tax Included

CRYSTAL GROWING KIT
Do a crystalography project lUustrat
with large beautiful crystals .vou gn
yourself. Kit Includes the book "Cry
tals and Crystal Growing" and a ee:
erous supply of the chemicals yi

need to grow large display crystals
potassium aluminum sulfate (clear)

um sulfate (purple), potassium sodiui
icltel sulfate hexahydrate (blue green) (

heptahydrate (green), potassium ferrlcyanlde (red>, an
copper acetate (blue green).
Stock No. 70,336-E $9.50 Postpai

I EDMUND
I

WS
i

STEREO MICROSCOPE — TERRIFIC BUY!
23 ancJ 40 Power!

1 p 10 3" working (llsiance. Krect Image—wide
1 il iisli.ii.il llclU. llellcril rack .111(1 nln
I c So good we offer 10-DAT TRIAL
picie satisfaction or your money back. Order o„umo». stionuB o«ii
Stock No. 85.036-E. Full nrlce S99.50 'oarning and teach

F.O.B. Barrin

ORDIR BY STOCK NUMBIR . SfND CNfCK OM MONIY OKDtR . SAJISfACTION GUARANTttDI

BARRINGTON, NEW JERSEY^>i..i.i;i.»-T^ij.-mdr.



SKY REPORTER
he constellations known as the Royal Family are rich in interest

By SiMONE Daro Gossner

HE RELATIONSHIP between astronomical lore and

ancient mythology is most apparent in the grouping

the constellations Cassiopeia, Cepheus, Andromeda, and

rseus. Often called the Royal Family, these heroic figures

the protagonists of one of the most ancient legends of

'I nkind. The Greek myth from which these names are

t en is well known : Cassiopeia, wife of the Ethiopian King

(pheus, offended the Nereids by vaunting the superior

1: luty of her daughter Andromeda. Thus, she aroused the

I Vath of Poseidon, God of the Sea, who sent the monster

Cetus to ravage Cepheus' land. To appease the monster, the

oracles said, Cepheus should chain Andromeda to a rock

and let her be devoured. And chained she was—with un-

paternal alacrity. Her plight drew the attention of Perseus,

son of Zeus and Danae, as he passed the fateful rock on his

return from slaying the Gorgon Medusa. Perseus killed

Cetus and, soon after, he claimed Andromeda as his bride.

This Greek myth, however, is only a relatively modern
and somewhat altered version of a much older story. It is

found in Babylonian and Hebrew mythology, and appears
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to derive from a yet earlier Sumerian legend. But in all

except the Greek version, the woman chained to the rock

is the villain of the story, rather than its potential victim.

She is the treacherous goddess Ishtar (Astarte) of the

Babylonians, who was chained to the rock by Perseus-

known as Marduk in this version of the story—because

she herself had called forth the sea monster.

ALTHOUGH the Sumerian story has not yet been pieced

together from the fragmentary passages already de-

ciphered, all its elements seem to be present. There can be

little doubt that these mythological figures first took shape

in the minds of men more than 5,000 years ago. Whether

they were associated with sky constellations at such an

early date, one cannot say. But the great antiquity of the

stories may throw some light on the puzzling attribution

of Eridanus, one of the constellations near Cetus.

Eridanus is a great river—some say an ocean—and. from

its placement on the celestial sphere, it appears as the body

of water from which Cetus sprang. But there is remarkably

little agreement among ancient authors concerning the

terrestrial river that it symbolizes. To Ovid, it is merely

the mythical river that engulfed Phaeton's sun chariot

when it fell from its appointed course. Hyginus, on the

contrary, specifies that it is the Nile, whereas Caesar Ger-

manicus' Commentary on Aratus identifies it with the

river Po. Yet the most important river in Sumerian legends

was the Euphrates. If one adds to this the fact that the

principal Sumerian city at the mouth of the Euphrates was

called Eridu, one might well wonder whether Eridanus

was originally the celestial symbol of that great river (al-

though one would simultaneously have to assume an oral

tradition that allowed the name to survive at a time when

the Sumerian language had been forgotten for centuries).

Astronomically, the region of the sky encompassed by

the constellations of the Royal Family and their immediate

neighbors contains a number of interesting telescopic

objects, as well as several stars of historical importance.

At the beginning of November, 1572, one star in Cas-

Great nebula in Andromeda, actually an entire galaxy, is

located among flowing tresses below figure's right elbow.

S6

Omicron ceti, known also as "the wonderful," is a famo «

variable star, visible to the naked eye only for some s |(

siopeia suddenly flared with the extraordinary brillian

of a supernova. Within a few days, it had been noted ai

observed by several astronomers. As is often the case wi

bright ephemeral objects, it is difficult to say who was t

first to see it. In the light of recent evidence uncovered

C. D. Hellman, it would seem that Maurolyco's obsen

tion was probably the earliest of which a record was mac

However, Nova Cassiopeiae 1572 owes its fame to the

tensive observations of Tycho Brahe, who followed it

siduously until it finally faded out of sight in March of 15'

Very little now remains visible of "Tycho's new sta

which must have spent itself in the cataclysm. Only a w
of nebulosity is seen in large telescopes. The strong ra<

emission from that region of the sky, however, is aim

certainly associated with the same object

Delta Cephei—the star in Cepheus farthest away fr

the North Pole—is the variable star for which "Cepheit

are named. With noteworthy regularity, its brightn

varies over a magnitude range of 0.7 in a period of 5

days. A rapid rise to maximum (in about 1.5 days) is

lowed by a somewhat wavering decline over the remain

four days. No satisfactory explanation has been given

yet for the cause of this variability; the current belie'

that it arises from a pulsation in the star's atmosph*

Several hundred variable stars of this type have since b

discovered, including some in a few nearby galaxies. TI

periods vary, but they exhibit a truly remarkable propei

the length of the period is directly proportional to the ^i

trinsic brightness—or absolute magnitude—of the Cepb

Thus, if the period is measured, the absolute magnit

liil
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inths of ils year-long cycle. In this drawing, it is the

ger star central to the legendary beast's plumed neck.

jy be derived. The latter, in turn, may be compared with

apparent magnitude to obtain the distance of the star,

the same manner that the distance of a lightbulb of

own candle power may be estimated from its apparent

ightness. This procedure has provided researchers with

e of the classical yardsticks of astronomy.

ILSO well-known prototypes of other kinds of variable

y stars are Beta Persei and Omicron Ceti. Beta Persei,

;ter-known as Algol (see Natural History, August-

ptember, 19601, is a typical eclipsing variable. In other

rds, the changes in its brightness do not arise in the

r itself, but they are caused by the mutual eclipses of

3 stars so close to each other that they appear as one in

telescope. First detected by Montanari in 1670, the

riability of Algol was correctly explained for the first

le in 1783 by the young Englishman John Goodricke.

incidentally, had also discovered the variabilitv of

Ita Cephei. Modern studies have since disclosed that

^ol's dual system also includes a third star, which re-

ves around the other two in a bit less than two years.

Dmicron Ceti was named Mira, "the wonderful," be-

ise of its most peculiar behavior. It is classified as a

period variable, with a period of the order of one
ir. In fact, the period itself varies by a few weeks from
i cycle to the next. What makes it truly remarkable is

t Mira has one of the widest magnitude ranges in that

egory. For five or six months, it is visible to the naked
«, as a star of intermediate brightness, although it may
<iasionally rise to the second magnitude. Then it grad-

ually fades out of sight until, for the rest of its period, it is

observable only with a telescope, its minimum magnitude

ranging from -\-8.5 to 4-^-6. "The wonderful" then gains

brightness and reappears six months later.

Telescopic objects abound in the region of the Royal

Family, although a detailed sky map may be required to

locate them (we like Norton's Star Alias). Cassiopeia is a

rewarding hunting ground for double and multiple stars:

Psi and Eta are easily resolved in a small telescope; Iota

appears triple in a four-inch instrument. Also in Cassio-

peia may be found two of the many star clusters catalogued

by Charles Messier (1730-1817): M52 and M103. The
second of these is not a cluster in the modern sense of the

term—that is, it is not a close physical association of stars—

but is rather a rich star field within the Milky Way's belt.

The most conspicuous feature in Perseus is the famous
Double Cluster, known to the professionals as "h-and-chi."

It is visible to the naked eye and shows up handsomely even

in a jiair of binoculars. Its easternmost component con-

tains a deep-red star. Like Cassiopeia. Perseus lies in the

Milky Way and we shall visit it again in this series.

THIS roundup would not be complete without a mention

of the Great Nebula in Andromeda, even though v/e

shall study it later in greater detail. To the unaided eye,

the Great Nebula appears only as a faint, hazy patch.

Shortly after the telescope was first used in astronomy

( 1610 ) . the richness of star fields in the Milky Way became
apparent. In spite of the fact that the early instruments

could not detect individual stars in the Andromeda Nebula,

it was surmised by some astronomers that this object, too,

might be an aggregate of stars. Nearly three centuries

elapsed before this assumption was confirmed and it was
shown that the Great Nebula was not only a stellar aggre-

gate, but also a vast system of stars totally removed from
our own Milky Way and a galaxy in its own right. Its

spiral structure is revealed by the larger instruments.

When it is viewed through a small telescope, the Great

Nebula appears as an elongated oval with a bright nucleus.

Beta persei, better-known as Algol, is another variable.

Here it is the gleaming left eye in Medusa's severed head.
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THE SKY IN FEBRUARY

From the Almanac:

NcAN' Moon
First Quarter

Full Moon
Last Quarter

February 4, 7:10 P.M., EST
February 11, 10:43 A.M., EST
February 19, 8:18 a.m., EST
February 27, 10:50 A.M., EST

For the visual observer:

As in preceding weeks, planets will remain poorly placed

for observation, because of their proximity to the sun.

Mercury, at inferior conjunction on February 5, will

enter the morning sky on that date. It will rise forty-five

minutes before the sun on February 15, and one hour and

fifteen minutes before the sun on February 28. It might

be found low in the southeast, at dawn, in the latter part

of the month. It will brighten perceptibly from +1.1 mag-

nitude on February 15 to 4-0-4' on February 28.

Venus, in the evening sky (—3.4 magnitude) , will be too

near the sun for observation. Its apparent distance from

the sun will increase somewhat toward the end of the

month, but even on February 28 it will set only about

40 minutes after sunset, low in the southwest at dusk.

Jupiter, in Capricornus (—1.5 magnitude), will be at

conjunction on February 8, entering the morning sky on

that date. Hence, the planet will be lost in the sun's glare

throughout the month. By February 28, it will rise in the

southeast approximately half an hour before the sun.

Saturn, also in Capricornus (-|-0.9 magnitude), will be

too close to the sun to see at the start of the month. How-

ever, it will gradually pull away and will rise one hour

before the sun on February 15, and one and a half hours

before the sun on February 28. Except for the first few

days of February, it should be found easily in the morning

sky, low on the southeast horizon.

Eclipses

:

A total eclipse of the sun will occur over the Pacific

Ocean on February 4/5 (Greenwich Time). The track of

the total phase will begin at sunrise on the island of Borneo,

and will end at sunset about 600 miles west of the south

tip of Lower California. It will be seen as a large partial

eclipse in Hawaii. Western sections of California, Oregon,

and Washington will be the only parts of mainland states

to get a glimpse of the phenomenon (as a partial eclipse)

.

A penumbral eclipse of the moon will take place on

February 19. The beginning will be seen—weather permit-

ting—throughout the United States, but only Alaska and

Hawaii will see the entire event; elsewhere, the moon will

set while the eclipse is still in progress. First contact will

occur at 3:04 a.m., PST (6:04 a.m., EST I ; last contact at

7:02 A.M., PST (after moonset in the Eastern Time Zone)

.

No clear-cut contacts may be observed in a penumbral

eclipse, because the moon penetrates only the penumbra of

the earth's shadow and the entire lunar disk remains illu-

minated throughout. Instead, a gradual reduction of the

moon's brightness is observed, as if it were viewed through

a dirty window. After the maximum apparent dimming has

been achieved, the moon's brightness returns gradually to

its normal appearance. Two other penumbral eclipses of

the moon will occur this year, on July 17 and on August 15.

On the preceding pages, Mrs. Gossner offers the second

in her 1962 series — a survey of the celestial sphere.
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MAGNITUDE SCAIE

i/^- -0.1 and brighter
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-tr +1.0 to +1.9
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TIMETABLE
February 1 11:00p.i

February 15 10:00 p.rt.

February 29 9:00 p.m.

(Local Standard Time)
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a joy that's shared is a joy made double." Old English Proverb

S^ ^^^^

r A

It has long been Unitron's conviction that two can view as easily as one. f
. ^ ^ ,

Now if that's not doubling your viewing pleasure, what is? And who but Unitron offers this feature?

Thafs one small example of this fact: that Unitron owners have more fun than practically anybody because

Unitron refractors offer them more to have fun with. Rugged good looks which a mere Photograph can only

hint at Durability enough to last not a lifetime, but for many generations. A complete line of highly useful

accessories from which to choose. And all the fine-instrument features practically anyone would want.

In short more pleasure-per-dollar than any instruments of their type. How do we know? You have told us.

Despite the many refractors on the market, more amateurs and professionals alike buy more

Unitrons than any other refractor in the world.

Send for Unitron's free, 38-poge

lUThe Duetcon, one of many exc

T Unitron accessories for multi

viewing thrills, permits two peo

view at the same time. It is :

mounted on a Unitron 4' Equi

Telescope, Model 155.leiescope, muuei ijj.

,UNITmON instrument company • telescope sales DIV.-66 NEEDHAM ST., NEWTON HIGHLANDS 61, I



Naturalists' Notebook

Sea anemone Anthopleura elegantissima, above and to

left of center, had not yet begun to divide

when it was recorded in photo of the adjacent turban

snail scraping algae from wall of aquarium.

ONE EQUALS TWO
\ sea anemone achieves its plurality in singular fashion

By Clifford Davis

NHABiTiNG THE world's OCEANS from tropical waters to

the margins of polar seas and from coastal tide pools to

byssal depths of as much as 30,000 feet are a thousand

r more species of marine animals called sea anemones,

heir plantlike name derives from the delicate, waving

ntacles the animals use to sweep minute sea creatures or

le debris of other animals' prey into their centrally located

louths. The tentacles also serve as a means of defense,

nee they are equipped with poisonous, stinging cells. The
ing of most species, however, is not severe enough to pro-

uce more than a mild, tingling sensation in man, one of

le two chief predators of the anemone, the second being

le sea slug. Both men and sea slugs eat anemones.

Structurally, most sea anemones have a muscular body
apped with a flat disk, in the center of which is an don-

ated mouth surrounded by one or more circles of tentacles.

1 tropical waters, anemones are often brilliantly colored,

at in temperate waters their colors are more muted, tend-

ig to white, tan, brown, pink, or green. Although no long-

term studies have been conducted to determine the anem-

one's life-span in nature, one group of captive anemones
survived nearly eighty years in a laboratory, and were be-

lieved to have been nearly ninety years old when they died.

Sea anemones may reproduce either in normal, sexual

fashion—in tide pools the water is often rendered cloudv by

the myriads of their ejected eggs—or by asexual means. In

the latter case the animal multiplies by dividing in one of

four ways: by longitudinal fission, budding, transverse

fission, or pedal laceration. Shown on these pages is a

photographic sequence that traces the longitudinal fission

of an Anthopleura elegantissima, one of the commonly
found sea anemones of the American Pacific coast.

The division of this anemone occurred during an eight-

day period in a ten-gallon marine aquarium that I had
started while studying marine biology in the Department of

Biology at Linfield College. McMinnville, Oregon. During
my observation of the anemone's division, Leslie Braby,

also a student at Linfield College, took the photographs.
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Fission process probably began late Sunday or even early

Monday. Alteration in anemone's sbape is readily apparent.
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Two DAYS LATER, Upper part of the anemone has thickened,

while the middle section has become considerably thinner.



Friday 3:30 p.m.

Nearly apart by evening of seventh day, above, anemone
divided completely, right, before 7:50 a.m. of eighth day.



NATURE and the CAMERA
A basic guide to close-up photography

By David Linton

FOR THE LAYMAN who is interested in

natural science, photography is the

ideal way of creating a collection that

needs no museum to house it. A surpris-

ingly large proportion of such photogra-

phy, however, involves objects small

enough to require special photographic

techniques. Whether the subjects be fos-

sils, birds' eggs, meteorites, ice crystals,

or flowers, the problems of close-up

photography are the same.

Standard photographic techniques

and equipment are designed for photo-

graphing objects the size of a man and
larger. Smaller objects must usually be

photographed from a closer viewpoint.

Ordinary methods of measuring light

and computing exposure are actually

correct only when the camera is focused

at infinity, but the error is negligible for

working distances down to eight or ten

times the focal length of the lens.

(Focal length is a permanent character-

istic of the lens, usually marked on the

lens mount. It equals the distance from

lens to film when the lens is focused at

infinity.) At close range, the exposure

must be increased to compensate for

greater magnification. This is one reason

why simple cameras often do not focus

closer than three feet. Such cameras, if

they use roll film in the popular 120 or

620 size, usually have lenses with focal

lengths of 75 to 85 mm. (three to three

and one-half inches). The three-foot

limit is roughly equal to ten times this

focal length, and is the nearest point at

which normal exposures can be used.

At a distance of three feet, an 80 mm.
lens on a 120 reflex camera will photo-

graph a field about two feet square. To
fill the frame with an object smaller

than that, the camera must be moved
closer to the subject. This involves three

families of problems, which we will con-

sider in turn. The three families are

focus, exposure, and lighting.

To focus on an object closer than the

normal limit of the camera, we must

either move the lens farther away from

the film or change the focal length of

the lens. For simple cameras with non-

removable lenses only the second choice

Numbers on scale are factors by which

to muhiply exposure indicated by a light

meter when making close-up photos with a

full-frame 35 mm. camera. Place scale in

front of subject at same distance from

leni. parallel to long dimension of frame.

".Start" mark must touch one edge of frame

seen in view finder. Last factor visible at

opposite edge is correct exposure factor.

is possible. It is done with extra lens

elements called "close-up attachments,"

which fit over the regular lens as eye-

glasses fit over the eye. These attach-

ments are inexpensive and quite satis-

factory. They do not require any adjust-

ment in exposure as long as the lens is

not moved farther from the film than

usual. Such attachments work only with-

in a limited range of distances, but sev-

eral different ones can be interchanged

or used in combination to increase their

range. For twin-lens reflex cameras and

for some range finder cameras there are

also attachments that correct the view

finder so that it will show what area is

covered when the auxiliary lens is used.

Even with these correcting devices, it is

difficult to see just what the camera is

getting and where the zone of sharp

focus lies. That is the chief disadvantage

of close-up attachments. Also, the image

they produce is not always as sharp as

that of a lens operating at the focal

length for which it was designed.

Abetter way of obtaining a large image

of a small object is to move the lens

farther away from the film (and closer

to the subject). This is easy to do with

a view camera or press camera, espe-

cially if it has extra track and bellows.

These cameras have ground-glass

screens for focusing (thereby solving the

problem of how to see what the camera

sees), and are unquestionably the best

choice for close-up photography of ob-

jects that do not move. They are heavy

and difficult to set up, however, and may
not be a good choice for work in the field

or with live subjects.

Smaller cameras, particularly 35 mm.
ones, are more maneuverable. If the lens

can be removed, it can be set farther

from the film by using extension rings,

tubes, or bellows interposed between the

lens and the camera body. Among small

cameras, the single-lens reflex is the

most convenient type for close-ups be-

cause viewing and focusing are done

through the lens that takes the picttu'e.

Several possible sources of error are thus

eliminated. Before the recent wave of

popularity of single-lens reflex cameras,

copying outfits were used with many
standard range finder cameras. These ac-

cessories use a small ground-glass screen

in place of the camera for viewing and

focusing. Just before the exposure, the

camera must be substituted for the view-

ing screen. This is a clumsy arrange-

ment. The single-lens reflex accom-

plishes the same result with an almost

instantaneous flip of the mirror, and is

much more satisfactory.

On any camera that has removable

lenses, a considerable magnification can

be obtained by using a shorter-than-nor-

mal lens, even one designed for a smaller

camera. The image of a mosquito will fill

a 5- by 7-inch negative if a two-inch

movie camera lens is used in place of the

normal nine-inch lens. At ordinary work-

ing distances such a short lens would not

"cover" the film (that is, the flat field in

wliich a shai'p image is formed would
not be large enough), but in extreme

close-ups the field, too, is magnified.

When the size of the image is to ex-

ceed the size of the subject, the lens

should usually be mounted backward.

This is because most lenses are designed

to form an image of an object that is

comparatively far away, and project that

image onto a plane (the film) that is re-

latively close. Most lenses, therefore, are

designed to have differing optical char-

acteristics in "front" and "back." The
front should face the longer of the two

distances. Thus, if the film is farther

from the lens than the subject is, the

lens may give a better image if it is re-

versed so that its front faces the film.

Test photographs should be made to see

if the image is improved. Various bush-

ings and threaded rings are available to

hold lenses in the reversed position, or

one can be made by any well-equipped

camera repair shop. Unfortunately, only

a few of the commercial close-up attach-

ments provide for reversing the lens.

Even fewer manufacturers provide any

means for attaching a lens shade to the

back of the lens when it is used in re-

verse, although the "press-on" type of

adapter rings will work on some lenses.

Shading the lens is just as important in

close-up work as in any other kind of

photography, and the photographer must

devise a way to hold a shade in place,

even if only a strip of masking tape.

Exceptions to the reversing rule are

lenses designed specifically for close

work, such as copying or engraving, and

lenses of symmetrical design, with front

and back optically identical. Enlarging

lenses are designed for short-range work,

but even so, they should be mounted

backward. Since enlarging lenses do not

have shutters, they may prove incon-

venient on cameras where the exposure!

is ordinarily controlled by a shutter in

the lens. In the absence of either a focalj

plane or a between-the-lens shutter, long

exposures can always be controlled by

turning the lights on and off or by re-
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niDviiig and replacing a lens cap. The
latler metlioil was good enough for

Matlicw Brady, hut most photographers

today consider it imprecise.

Modern iS mm. single-lens reflex cam-

eras have internally coupled automatic

diaphragms. There is a button or lever

inside the lens mount (the side usually

toward the film) that closes the dia-

pliiagm to a predetermined stop. This

hultim or lever is ordinarily actuated by

a cam in the camera body when the

photographer presses the shutter release.

When such lenses are mounted backward
[or close-up work, the diaphragm is no

longer automatic, but the button is on

he outside, where it can be pushed man-
ually just before the exposure.

AT short distances and great magnifi-

cations any camera movement will

)e magnified. It is thus essential that the

amera be firmly mounted on a tripod or

lamp. Two tripods—one under the cam-

ra body and the other under the lens-

re even better. No camera support has

et been invented that is really satisfac-

ory for close-up work in the field.

In any close-up where the size of the

mage approaches the size of the sub-

ect, the best focusing procedure is to

ave the camera and lens stationary and

love the subject into focus. In fact, it

lay be impossible to find any point of

iiarp focus if the lens is moved back and

)rth in the usual way. This is because

loving the lens closer to the film simul-

ineously moves it farther from the sub-

ct. The effect is negligible at normal

istances. but may completely defeat the

ttempt to focus on a close subject.

Many natural subjects, of course, can-

ot be moved, so the next best method is

move the camera and lens as a unit,

xtension bellows of "double track" de-

gn are to be preferred over "single

ack" models because they have tripod

mnections on the track that allow the

imera and lens to be moved either inde-

ndently or together.

Depth of field (the distance between

e nearest and farthest points that are

sharp focus) is extremely shallow in

ose-ups. The lens diaphragm must usu-

ly be stopped down to a very small

)erture to bring all of the subject into

cus. This limitation requires either a

ry long exposure or a lot of light, or

»th, and it compounds the already acute

"oblem of close-up exposure.

The exposure that is indicated by an

posure meter is. as mentioned above,

)plicable only at "normal distances"

e., more than, ten times the focal

ngth of the lens). At shorter distances

e indicated exposure must be multi-

led by a factor that increases very

pidly as magnification is increased.

lis factor is usually called the "bellows
tension factor" although it really re-

Its from the magnification and not

SPERM WHALE TEETH
Natural • Svriinshuwed superb new

Japanese optics

Rarely seen curiosities
lectors' items, conversation pieces, carv-
ing ivory, and paper weights. Unusual
gifts. NATURAL: Small (2-6 oz.) $2. .50:

Medium (6-12 oz.) $3.95; Laige (12-16
oz.) $6..')(l; Jumbo (1-1% lbs.) $8.95
each. SCRIMSHAWED: Ship, $24.00.
Low relief whale (any species) $37.50.
Postpaid. Remit to

PETER B. DIRLAM Southbridge, Mass.

.RROW
CANOE TRIPS

.30 young men. 11-18. Base camp. "The Birches",
is located on Grand Lake, Maine, most eastern
camp in U.S. Superior fishing.

7 or 8 weeks of OUTDOOR LIVING under the
direction of Maine guides. White Water trips on
St. Croi.\ & Machias Rivers. KATAHDIN Mt.
trip. Junior Maine Guide Training. WORK
CAMP. Quaker leadership.

OUTFITTERS FOR ADULT
AND FAMILY CANOE TRIPS

Wi

Yashica Pentamatic1

automatic 35mm reflex

Has high-speed interchangeable fl.8
Yashinon lens, automatic diaphragm,
automatic mirror, penta-prism finder,
1/lOOOth sec. shutter, flash synchroniza-
tion and other unusual quality features.

Under $160. (case extra) Interchangeable
telephoto and wide angle lenses available.

At your dealer, or write Dept. D
(I) Yashica Inc., 50-17 Queens Blvd.,

Woodside 77, N.Y.

In Canada: Anglophoto Ltd., Montreal, P, Q.

Savethc Children Federation,
the first international, non-
profit, non-sectarian welfare
organization in the U. S., is

registered with the U. S.

State Department Advisorij
Commitlec on Voluntanj
Foreign Aid and is a member
of the International Vnion
jor Child Welfare.

Hyung Sook longs to go to school. But schooling is not
free in Korea and the boy's widowed mother cannot afford

the school fees. She works as a seamstress and earns about
$4.00 a week. Every penny goes for rice and rent for their

one small room.

Hyung Sook has heard of the generosity of Americans. He
dreams that Save the Children Federation will find some-
one in America to sponsor him. Then he will have money
for school, for books, for decent clotliing, for more nour-
ishing food.

can you say no?
Please say yes to a child like Hyung Sook! Your
contribution of $12.50 a montli will provide a needy
\ oungster in Korea, Greece, Lebanon, France, Italy, Fin-
Luid, West Gennany or Austria with friendship, encourage-
ment and material benefits. You will receive the photo-
graph and story of the child you sponsor and begin a warm
person-to-person relationship tlirough an exchange of let-

ters. Please help a child overseas look at the world with
hope again.

I

Serving Children for 30 Years

SAVE THE CHILDREN FEDERATION
Norwalk, Connecticut

1 wish to contribute $150.00 annually to help a D girl

n boy in or where the
need is greatest D. (coun/rjes lined obove)

Enclosed is my first payment: $12.50 a month Q
$37.50 a quarter D $75 semi-annually Q $150 annually D
I cannot sponsor a child, enclosed is contribution of $

Name_
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Diffused light, achieved with a "tent,'

hides texture of chipped stone arrowhead.

Lights at each side restore texture, in

part, but cause ugly, distracting shadows.

Black background fails to hide shado^^ s

entirely and makes subject look too light.;.

from the extension of the bellows. The
magnification involved is in the size of

the image on the film, as compared with

the subject itself. Further magnification

may be introduced later in enlarging,

but it does not affect the exposure factor.

When the image produced on the nega-

tive is the same size as the subject, the

exposure indicated by a meter must be

quadrupled. For an image twice as big as

the subject, the exposure factor is nine!

There are several formulas for com-

puting factors for other magnifications.

They involve the lens-to-film distance

and the focal length of the lens, but it is

not necessary to use them. All that really

matters is the size of the image in rela-

tion to the size of the subject. A few years

ago, some genius at Eastman Kodak
devised a little ruler that gives exposure

factors directly for any camera with

ground-glass viewing. A target two
inches across is temporarily placed next

to the subject, the image of this two-inch

target on the ground glass is measured
with the "ruler," and the answer is read

directly in exposure factors. This ruler

is included in the Kodak Master Photo-

guide, available at any camera store.

On 35 mm. cameras, the ground glass

(if there is one) is too small to be used

for making measurements. But a similar

ruler can be used at the subject to find

exposure factors for various sizes of the

field (see margin, page 64). If, for ex-

ample, the area included in the picture

measures three and one-half inches long

at the subject, the exposure factor is two,

and the exposure indicated by a meter

should be doubled. For greater magnifi-

cation, or for cameras that are not 3.5 mm.
size and have no ground glass, a little

cardboard "Effective Aperture Compu-

David Linton's by-line has appeared
under photographs in all the nation's

leading magazines. His camera column
is a regular feature on the^e pages.

ter" is available. It is a specialized, cir-

cular slide rule. As a last resort, the

formula (given in most photographic

handbooks) can be computed on paper.

EFFECTIVE lighting must reveal the

significant features of the subject

without looking unnatural. Also, of

course, it must provide enough illumina-

tion to expose the film properly. A third

function, in close-up work, is to enable

the photographer to see what his camera
is getting and when the image is in

focus. These requirements, which are

given in order of importance, sometimes

conflict. The photographer who works

out of doors and uses only sunlight is

not any less responsible for the lighting

in his pictures than the photographer

who stays home and uses floodlights. In

no case should the lighting intrude.

Photographers who specialize in wild-

life consider it unsporting to photograph

animals that have been tamed or con-

fined in any way. They do not seem to

mind, however, if the light in their pic-

tures comes from such an angle that it

could not possibly be natural. In nature,

light usually comes from above, but

seldom from directly overhead. About
half the time the dominant light source

is behind the subject. There is usually

light of lesser intensity coming from

other directions, but never are there two

light sources of equal intensity. The
same natural pattern should be followed

in lighting a photographic subject. How-
ever, film does not have as great a range

of sensitivity as the eye, so shadows in

the scene should not be as dark nor high-

lights as bright, comparatively, as they

would be found in nature.

The lighting of close-ups is by far the

most difficult part of this sort of photog-

raphy. Since each subject presents in-

dividual problems, great patience and

ingenuity are required. A light or re-

flector is moved slightly and the result is

studied. Then the light is moved a little

more; there is no other way. There are,

however, a few tips that may reduce the

time spent in arranging the lights.

Subjects with surface texture should

be lighted from an angle; translucent

subjects should be lighted at least partly

from behind. Shadows should never be

allowed to interfere with the natural

contours of an object, and each object if-

should be separated both from others

and from the background. A subject i>'

with a glossy surface should ordinarily

show a few reflections to indicate its

character, but surface reflections shoulc

never obscure the color and shading li

underneath. One universal rule of thumlftfi

is that the more light sources there are,

the more problems will be created.

Any light source can be used foi

close-ups. In the field, excellent work car ?t

be done with sunlight alone if reflectors

mirrors, and even small lenses are usee («

to control it. Flash and electronic flasi

are also used, but they require extra care

because the photographer cannot set

and judge their effect before he takes the

picture. The usual guide numbers usee
si?

for determining exposures with flash wil

not work for close-ups because the bull

and reflector do not act as a point sourci

of light when they are very close to th<

subject. Special, reduced guide numben
must be derived by actual test.

With subjects that move, however

flash and electronic flash have the ad

vantages of stopping motion and of no

producing very much heat. For subject

that do not move, these devices presen

the possibility of building up an enoi

mous amount of light by repeating tb

flash as many times as necessary.

Let us try to apply the precepts abov

.to an actual situation—a picture t

an arrowhead one inch long. Since ou

purpose is to make a scientific record, W
will photograph it "squarely"—with th

film parallel to the chief plane of th

subject—so that no part of the object i

tafl
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Iffective lighting reveals arrowhead's
urface details and its translucent edges,

endered larger or smaller by perspec-

ve. Therefore, we put the arrowhead on

piece of white paper on a table and set

le camera, pointing straight down, di-

sctly over it. Now we can start lighting.

First we look through the viewer and
inter the arrowhead in the frame. It

loks pretty good, so we decide that per-

aps diffused lighting will be best. The
•dinary room lighting isn't quite right,

jwever. so we decide to build a "tent."

his is an enclosure, usually of white
iper, that surrounds the subject and
fleets light from all sides. We wrap a

ece of paper into a cone with the lens

med—through a hole in the apex—at

e arrowhead in the center of the base.

lere isn't room to put any lights inside,

we shine a floodlight through the

per from the outside.

The arrowhead stands out nicely, but
w we find that the texture of the sur-

:e has disappeared.-

Folding our tent, we silently go back
direct lighting. We shine a floodlight

>m one side, and find that at a low
gle the texture is brought out in stark

ief. The side away from the light,

wever, is hidden in shadow. We bring
another light on the dark side and

: it lighted up, too. But now we see

trading shadows on the background.
move the lights around, trying to dis-

'er a position that will eliminate the

idows without eliminating the surface
tare. If we can only put the shadows
ere they will be hidden by the subject

If. the shadow problem will be solved.

ally, we discover that as we move the

Its closer to the lens the shadows get

iller. In order to eliminate them com-
tely, though, the light and the lens

lid have to be at the same spot. This
lot quite as impossible as it sounds,
ause doughnut-shaped light sources
ixist. Electronic flash tubes are made
jircular form, with provision for the

to look through the center of the

Fluorescent tubes are also made in
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circles, and a reasonably ingenious

photographer can make a reflector for

one from a cake pan of the type used for

angel food cakes.

A more common solution is to use a

reflector of white paper, cloth, or metal

foil and "bounce" the light from it onto

the subject. The lens can be stuck

through a hole in the reflector. Of course,

the lens must be shaded from direct light

to avoid reflections inside the lens that

might interfere with the image.

If we use a light at the camera axis to

photograph our arrowhead, we will find

that the shadows have been conquered,

but that the texture is gone, too, and the

whole picture looks dull. Very well. Let

us go back to the two-light setup. We can

improve it somewhat by using a reflector

(a sheet of white cardboard) in place of

the second light. This softens some of

the shadows and automatically makes
the light on one side of the subject domi-

nant—a situation that generally looks

more natural than evenly balanced light-

ing. The shadow cast by the main light

is still disturbing, however, and at this

point there is usually a temptation to

try to drown the shadows by making the

background black. If we try it, we will

find that the black background makes
the subject look too light, the texture

becomes less apparent, and the shadows
are still visible, anyway.

THE next move is to put the arrowhead

on a sheet of glass and put the back-

ground under it, far enough below so

that the shadows will be outside the pic-

ture. To make sure that they are outside,

we temporarily focus the camera on the

background and check. Then, focusing

again on the subject, we note with satis-

faction that the texture is brought out

nicely and the shadows have been elimi-

nated. However, the quality of the ma-
terial doesn't quite emerge. The stone is

actually translucent near the edges

where it was chipped very thin, and it

has a hard, shiny surface.

To emphasize these qualities we make
two more changes in the lighting. First,

we fasten a small mirror from a lady's

handbag just outside the picture so that

it reflects a beam of light across the

highest part of the arrowhead, causing

a few bright highlights that perk up the

surface and show how hard and shiny it

is. Then we take away the paper back-

ground and replace it with a sheet of

opal glass (or plain glass covered with

tracing paper). We put another light be-

hind the background and find that by
moving it closer or farther away we can

make the background lighter or darker

and can bring out a bit of the translucent

quality of the object.

Now we are ready to take the picture.

We measure the size of the field included

in our frame and determine the exposure
factor. We turn off the background light

while we take a meter reading, to avoid

misleading the meter with light from the

background. Then we stop down the lens

diaphragm and examine the image care-

fully. It is so faint that it is hard to see

anything, but our eyes adapt, and finally

we see a bright silver streak across the

middle of the picture. We look at the

subject again—no streak. Then, at last,

we see it. It is a reflection of the front

of the camera in the glass on which the

subject rests. We didn't see it before be-

cause it was out of focus until the lens

was stopped down. We get a piece of

black paper, cut a hole in the center, and
slip it over the lens.

When we finally open the shutter (us-

ing a cable release to avoid jarring the

camera ) it seems like an anticlimax, but

that is the way good close-ups are made.

This list details the photographer, artist,

or other source of illustrations, by page.

COVER^Marineland
Studios

3-AMNH
4-Joseph Sedacca
8-13-Lee Boltin

14-18-G. Stuart Keith

19-AMNH
20-29-Philip Newman
30-39-Winthrop N.

Kellogg, except 33 bot.

and 36-37-Enid
Kotschnig
40-47— Peter IVIerom

48-53-Fritz Schremmer
55-57-AMNH Arcliives

58-59-Sky Map, after

Henry M. Neeiy
61-63-Leslie Braby

64-AIVlNH
66-67-David Linton
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MAKE YOUR OWN NATURE TILES
With Colorful Leaves, Flowers, Butterflies

Permanently Preserved in Castoglas!

Fours Like Honey— Sets Like Glass!

The Pansy shown in this photograph was embedded in crystal-clear

Castolite in 1946. It is as lovely now as the day we picked it in our

garden. NOW— a greatly simplified method enables you to do the

same with Castoglas on wood, hardboard, metal or between layers of

glass mat.

What Can You Do With Tiles? Use them under serving dishes, as coasters,

trays, wall decorations, lamp bases, bookends. Or beautify your kitchen

with colorful nature tiles as illustrated in the photographs. The countertop,

too, was treated with waterproof Castoglas which is heat and acid-resistant and easily cleaned. The

handsome translucent screen over the tile section was made of a spun glass reinforced Castoglas

laminate with embedments of branches and leaves. The tile tray is another fine example of making

unusual things with the simplest hand tools, without heat or pressure and without previous experience.

Easy To Make At Little Cost— about
20^ for a 6 X 6 inch tile. Around 20^
per sq. ft. for covering the countertop
with a hard, glass-smooth Castoglas
surface. Figure about $1.00 per sq. ft.

for the glass screen. For your copies
of "How to Make and Use Nature
Tiles" and "How to Make Decorative
Glass Panels", mail 25(' to Dept. 91-B.

THE CASTOLITE CO.

Woodstock, III.



New! Wonderful

BIRD MIGRATION Map!
for ALL the FAMILY to Enjoy!

What bird flies 2400 miles non-slop . .

North Pole to South Pole and bock? To '

. and to wl
/hat bird far

ere? Which bird flies fro,

lily does the Robin belong

Tells where

birds migrate .

.

shows routes

they travel.

I the answers to these questions and lOO's of others on
^itiiie Bird MiRration Map that features 50 birds. ;iO illus.

in full color. Developed with the cooperation of Chicatro
ill History Museum and published by Rand McNally, map
the 4 major flyways. 4 veKetation zones, various theories
why birds mifrrate. Also shows non-migratory birds and
birds common to each flyway. 14 individual maps on sides
nti/reslinpT travel facts about the Oriole. Swallow and other

Simply bc-autiful . .

wall size. 42" x 3:!".

Bird Migration Map of N. An

ideal for . . big

$1.50

New Mobile . . .

The

UNIVERSE.
Action Demonstrates
SOLAR SYSTEM

AUTHEf^TlC
;;Sm:n^^^^-^'°^""

Get Ever-Moving

BIRD MOBILE, too!

SAVE! ^-'
$1.50

Bird Migration

Map (above)

and

$1.00
Shows

Bird Mobile ASTRONOMY
(at left)

Details:
BBM . . . BOTH

only $2.00

HELPS CHILDREN LEARN TO IDENTIFY BIRDS
Easy fun to tie and hans. BIRD MOBILE provides 4 square feet of color action . . .

as birds glide about in sliKhtest stir of air! Of durable fibreboard. plastic coated and
washable . . . full color both sides. Interesting data chart included.

BMI BIRD MOBILE SI .00

Teaches Facts of OUTER SPACE

GREAT ANDROMEDA l", million light jc:

RIiNG NEBLLA-CRAB NEBULA exploding .

HORSEHEAD NEBULA-
THE MILKY WAY (our galaxy)

CONSTELL.ATIONS-ASTEROIDS-

MAN IN SPACE-HALLEY'S COMET

Beautiful . . . brilliantly colorful . . . astronomically accurate.
Ever-moving in slightest stir of air, huge new UNIVERSE
Mobile demonstrates relationship of 9 planets and Sun. Helps
one understand the immensity of Outer Space. Shows amazing
nebulae, gala.xies, star clusters, etc. Based on Palomar Observ-
atory photographs and supervised by Dr. Donald Rogers, Adler
Planetarium, Chicago. Heavy, plastic-coated fibreboard, wash-
able. Twice as big as most mobiles. Informative booklet, easy-
assembly instructions and adhesive ceiling hanger are included.

UM2 UNIVERSE Mobile, 9 sq. ft. of action $2

BIODERN EDUCATIONAL AIDS
^KL'I.'l'r;,!

CIRCLE NUMBERS BELOW FOR ITEMS DESIRED: '

Bl BIRD MAP $1.50

BMI BIRD MOBILE $1

BBM Combination OfFer

BIRD MAP & BIRD MOBILE $2

C2 CIRCUS MOBILE $2

Rl RAILROAD MOBILE $1

Gl GEOGRAPHY MOBILE $1

UM2 UNIVERSE MOBILE $2

SM SPACE MAP $1 1

USM Combination Offer '

UNIVERSE Mobile & SPACE ]

Map S2.50 1

BDl BALLET MOBILE SI '

Wl WESTERN MOBILE $1 [

For younger children: i

CFl CAT & FIDDLE MOBILE $1 '

SAVE on Quantity: In addition to s

any order of S6 earns your choice c

My Free $1 Item Tholre

aving on Space or Bird Combination, .

f any $1 unit free (S7 worth for $6). i

1 =nrU„ t '

Name I

AHHrP«

City Zone .Stntp '

BALLET Mobile
ballerinas dance through

spa ith deli eful
•ement. For art

appreciation. Durable fibreboard.
full color.

BDl BALLET Mobile $1.00

Modern Educational Aids
229 W. Illinois Street

Chicago 10, Illinois

Huge SPACE MAP 42"x33"
Answers lOO's of Science questions. 8
color map by Rand McNally. Full of
fascinating information to help one un-
derstand complex space subjects. Ex-
plains Solar System.
SM SPACE MAP $1.00

SAVE on Special

SPACE STUDY OfFer:
USM $2 UNIVERSE Mobile and

SI SPACE Map . BOTH $2.50
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Rex Brasher'S Birds &' Trees of North America
THE MEMORIAL EDITION • PUBLISHED IN FOUR VOLUMES

COMPRISING 875 FULL-COLOR PLATES
1094 Species mid Sab-Species of Birds • 383 Species of Trees

With an Explanatory Text by tl:ie Artist • Edited and Annotated by Lisa McGaiv

MANY years ago John Burroughs said of Rex Brasher:

"He is the greatest bird painter of all time!" He
was a genius who gave his entire life to leave to the world
a legacy of beauty in his Birds and Trees of North
America.

At the age of sixteen Rex Brasher knew his calling.

He was to know and to record in their living colors all

of the birds of North America.

In August, 1895 he set off on the odvsscv that was to

take up most of his life. In a sloop he cruised the Atlantic

coast. He explored every cove and inlet, filling sketch-

books with his drawings. The exotic birds of Florida

held him for almost a vear. To study the birds of the

North he shipped out for a two-)'ear cruise as a seaman

on a fishing boat.

After years of painting, rejecting, repainting there

came a da\', in October, 1928, when even he was satisfied.

For the first time in 33 years Rex Brasher could relax and

lay down his brush. For the first time there was recorded

Se7idfor the Beautiful Full-Color Actual Si'Ze Prospectus

*«y PUBLISHED SIMULTANEOUSLY
ROWALAN AND LITTLEFIELD, INC. JT Rex Brasher: Fainter of Birds

^S\ ^ Biography by Milton E. Brasher $5.95

every known species and sub-species of the Birds of

North America and their habitat.

^^'hen Rex found that he could not get a publisher

willing to invest the large amount of money necessary

he decided to publish his work himself. By hand-coloring

93,000 individual plates he managed to produce less than

100 sets of Birds and Trees of Nortlo America. These
were published at $2,500.00 per set and have since sold

for as high as $16,000.00. One set is currently listed for

sale at $rO,000.00.

All of the color plates are reproduced in full-color

facsimile from the original paintings which are now
owned by the State of Connecticut and are on display in

the Harkncss Memorial Museum in Waterford, Conn.
The page size is 12 "2 x I6/2 and each picture is shown in

the same 10 x 14 inch size that Rex Brasher chose for his

hand-colored edition.

PUBLICATION SCHEDULE
Volume One: December 1961 \'oliimc Three: July 1962

Volume Two: February 1962 Volume Four: October 1962

84 Fifth Avenue, New York II, N. Y.

?tr¥¥¥¥¥\rtitftitttItitit(¥\f¥¥¥\t\^¥¥¥¥\M¥M¥M¥¥y\f\l\l^^



NiATVRAL HISTORS/
FIWG MATVRE MACAZIMF MARCH )962-50<^



STAR-TESTED QUESTARS ARE USUALLY IN STOCK READY FOR IMMEDIATE DELIVERY, FROM S995. TERMS ARE AVAILABLE. LET US SEND YOU THE QUESTAR BOOKLET.

This little screech owl is really no larger than a baby chick.

See how cleverly he makes himself look huge and fear-

some by folding his wings in front of him. This picture

was taken with Questar from 30 feet away. We print it

here to remind you that the superb 7-pound Qtiestar is the

mo.st versatile telescope in the world. You use the same

elegant controls that make its celestial use such fun, to

turn its great powers safely on the sun, on all things near

and far on earth, and to take photographs in black and

white or color. There is simply nothing like it. And you

CAN take it with you wherever you and your family go.

TAR
ox 60 NEW HOPE, PENNSYLVANIA



COLORSLIDE
PROJECTOR

with a Short Trial

Subscription to the

PANORAMA COLORSLIDE
NATURE and SCIENCE

PROGRAM
This amazing electric Colorslide Pro-
jector is specially designed to show the

siniile-frame 35mm Panorama Color-
slides. It projects large, brilliant, full-

color images just a tew feet from

Now bring to life in your home
the wonderful worlds of

NATURE and SCIENCE .

—in Living Color and Sound! ''^

HEAR IT-
with Long-playing Records

Each month you re-
7" long-playing

33V3 rpm record on
which a distinguished
commentator describes
each new adventure,
with appropriate sounds
and music in the back-
ground.

READ ABOUT IT

-

with Panorama Guidebooks

Each month you re-
ceive a large (81^2" x
11%") illustrated guide-
book for your library.

Written by leading sci-

entists, each contains
fascinating informa-
tion about that month's
adventure.

NOW— through the miracle of sight-and-sound

lature and science adventures— you can explore
the incredible secrets of life and the universe!

first adventure DIGGING FOR DINOSAURS
narrated by WALTER CRONKITE
With Mr. Cronkite, you join famed pale-
ontologists to track down the skeleton of a
mighty dinosaur buried for millions of years.
You see dinosaur eggs "hatching" . . . find
traces of a titanic battle of the past . . .

meet the fiercest killer the world has ever
known ! You see the earth as it was millions

f years ago.

Imagine exploring the
fascinating worlds of

nature and science
with Walter Cronk-
ite, Dr. William
Burns of the Ameri-
can Museum of Nat-
ural History, Hans

^our" soac'L" ^hiD Conried and Alexan-
plores and lands der King as your
the moon! guides . . . revealing

the startling, little-

lown facts that make you and your
mily eye-witnesses to many of the most
rilling events and discoveries of all time!

You'll meet the fiercest killer the world
;S evOT known . . . cruise in an atomic
bmarine . . . launch a Polaris missile

."book passage" on a rocket headed
r the moon. You will see the earth as
was 100,000,000 years ago . . . and
u"ll learn about the world science is

inning for tomorrow! You not only see
ese breath-taking scenes projected in
illiant, lifelike color— you hear your
rrator give you the exciting facts that
oaden your knowledge and deepen
ur understanding of the vital, ever-
anging world around you!

Upon enrolling as a Trial Subscriber
the Panorama Colorslide Nature and
ience Program, you receive as a FREE
roductory gift an electric Colorslide
ojector—the result of years of research.
Then, each month thereafter, for as
ig as you remain a subscriber, you
II receive 32 colorslides about a differ-

ent adventure pi'is a long-playing record
keyed to the individual slides. On the
record you will hear the fascinating facts
behind the color scene you are seeing.

You will also receive each month a
handsomely illustrated, hard-bound
guidebook. Written by a noted scientist
or naturalist, it gives you additional fas-
cinating information about each subject
covered. Some of the adventures await-
ing you are Under lite Microscope,
Rocket to ihe Moon, Atomic Submarine
and Polaris, Life in the Desert, and many,
many more!

Each of these monthly Program adven-
tures—consisting of 32 Colorslides, a
long-playing Record and Guidebook -is
yours as a Trial Subscriber for only $3.98.
You may reserve a Trial Subscription
and examine the Projector and the Color-
slides, Record and Guidebook on Dig-
ging for Dinosaurs for 10 days before
you pay for anything or even decide to
subscribe to the Program. You will also
receive a 12" Columbia long-playing re-

cording of astronaut
Alan B. Shepard Jr.'s

pioneering flight into
space, yours to keep
FREE, whether or not
you remain a Pano-
rama Subscriber.Take
advantage of this spe-
cial FREE EXAMI-
NATION OFFER.
Fill in and mail the
coupon today!

FREE GIFT! AN AMERICAN IN SPACE
Recording of Alan B. Shepard Jr.'s historic space voyage

The greatest adventure of our lifetime, America's "'tSUTm'—
first giant step in ttie conquest of space, recorded SS/cm,
as it happened at Cape Canaveral - count-down. "'tIs,'^
blast-off, flight, recovery, and a statement by Pres. .'2sr«5™Sr

Kennedy. This 12" long-playing 33'/3 rpm record is
™-~;^~-—

•

yours to keep FREE, whether or not you remain a —'.:ŝ —_
Panorama Subscriber! -..—~.

SEND NO MONEY-Mail 10-Day Trial Coupon Today

PANORAMA COLORSLIDE NATURE AND
SCIENCE PROGRAM - Dept. 706N
a service of Columbia Record Club
111 Fifth Avenue, New York 3, N. Y.

Please send me my FREE Panorama Colorslide Projector and
the first adventure. Digging for Dinosaurs, consisting of 32
Colorslides, long-playing Record and Guidebook. I will either

return these items within 10 days or I will remit to you $3.98
for the Colorslides, Record and Guidebook, and you may en-

roll me as a Trial Subscriber to the Panorama Colorslide

Nature and Science Program. As a Subscriber, my only obli-

gation will be to accept three additional Panorama adventures

(four in all) -each consisting of 32 Colorslides, Record and
Guidebook-all for only $3.98 per month, plus a small mailing

and handling charge. (A small charge is added to your first

bill to cover Projector shipping expense.) With Digging for

Dinosaurs you will also include the 12" Columbia long-play-

ing record of Alan B. Shepard Jr.'s flight into space, mine to

keep, whether or not I decide to subscribe.

(NOTE: a continuing series of montltly adventures is planned
— you may remain a subscriber for as long as you wisii or
terminate at any time after the first four montlif.)

YOU ARE THERE . . .

fabulous expc-
1 searching for

CITY ZONE STATE 4

n PANORAMA PROJECTION SCREEN (optional). If you
have neither a screen nor a white wall for showing the slides,

you may have a 31" x 24" projection screen, with smooth,
matte-white surface for maximum image sharpness. It's a
$5.50 value—yours for only $2.00 (plus mailing charge) if you
check this box. 707-N
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Belated tribute to an unknown scientist

To one knows his name or exactly where he lived.

est evidence suggests he existed during the Paleo-

Ithic period. Which means this tribute is at least

>me ten to fifteen thousand years overdue.

is lone scientific achievement: he discovered a way
• start a fire. Undeniably, this was a significant moment
I the history of human progress . . . this moment when
1 anonymous savage forgot his natural fears long
lOugh to ponder, to try, to discover. Per-

ips his discovery was merely an accident.

:ill, it took curiosity to experiment
irther. His reward: new protection from
)ld, darkness, wild beasts.

hough he couldn't realize it, this Stone

Age scientist ignited a flame that changed the world

... a flame that was to spark other discoveries, new^

civilizations. It eventually lighted man's way in his

long journey to the golden age of science.

Here at Monsanto, scores of scientists work daily . . .

carrying out basic and applied research in chemistry,

physics and other natural sciences. In a very real sense,

they are intellectual descendants of the

unknown scientist. In another age, they

ponder, try, discover— searching for new^

contributions to the welfare of mankind.

W i Monsanto Chemical Company, St. Louis
^ a 66, Missouri.

/



LAND
YACHTING

. . . the fun way
to travel

Want to explore exciting foreign towns and

villages? Roam inviting mountain ranges

or just bask on some warm sunny beach?

Perhaps you know a road somewhere
you'd like to follow to the end. It's all the

same with an Airstream Land Yacht — a

personal highway cruiser outfitted down
to the smallest luxurious detail for limit-

less road voyaging . . . good beds, bath-

room, hot and cold water, refrigeration,

heat and light independent of outside

sources wherever you go — for a night, a

week, or a month. Airstream Land Yacht-

ing means real travel independence — no

time-tables, tickets, packing. You just tow

your Airstream lightly behind your car and
follow your travel whims wherever they

urge you to go. Yes, it's the exciting, bet-

ter way to travel here in North America or

anywhere in the world.

wrHe for Interesting free booklet

"World At Your Doorstep"

AIRSTREAM INC.
750 CHURCH ST., J/ICKSON CENTER, OHIO

12804 E. FIRESTONE, SANTA FE SPRINGS 51, CALIF.

Review^

Two views of our lan(

By Jack McCormick

The Continent We Live On, by Ivan

T. Sanderson. Random House, $20.00.;

300 pp., illus. Our National Park
Policy, by John Ise. The Johns Hopkins
Press, $10.00; 701 pp.

During the past two decades, the

phrases "population explosion"' and
"urban sprawl" have evolved from catch-

words into accurate names for the re-

sults of human fertility, extended life

expectancy, and the greater demand
for individual living space. Simultane-

ously, there has developed an increasing

number of proponents for the preser-

vation of wilderness and natural areas,

and for the enjoyment of open spaces

in all types of parks, and other tracts

kept free of houses, shopping centers,

factories, and similar developments.

Each day, however, such areas become
scarcer and more expensive to acquire.

Coupled with this increased interest

in the conservation of open space and
natural areas is a growing desire for

knowledge about the location, the nat-

ural features, and the biota of such areas.

Two recent books portray America's

natural features from different view-

points and through different mediums.

John Ise, Professor Emeritus at the

University of Kansas, makes a realistic

and somewhat pessimistic analysis of the

establishment, evolution, and future of

our greatest system of preserved natural

areas—our national parks—in a scholarly,

well-documented book. This is an absorb-

ing account both of the discovery and of

the natural features of our various na-

tional parks and memorials, and of the

struggles to acquire and maintain them.

In striking contrast to Dr. Ise's su-

perb but unadorned text is the beautiful-

ly illustrated volume entitled The Con-

tinent We Live On. As an example of

excellence in landscape and wildlife

photography, combined with fine print-

ing and craftsmanship, this volume is

unsurpassed. Regrettably, the book is

badly marred by its accompanying text

—the work of Ivan T. Sanderson, who is

rapidly rising to the office of high priest

of nature fakers. His occasionally lucid

but generally mediocre text is a case

study in faulty interpretation, undocu-

mented claims, fictitious awe. and totally

unnatural history.

There is such a contrast in quality b

tween word and illustration that it

difficult to think of the volume as "Ivc

Sanderson's book." It is easier to belie

that Random House has a conscientioi

picture editor who spent considerab

time locating and assembling some of tl

most outstanding landscape photograpl

available. To that anonymous individu

much of the credit should be given fi

the value of this book.

Generally, a reviewer welcomes tl

opportunity to compare the ideas of tv

authors who are dealing with simili

material. He can air their differences '

opinion, and point pleasurably to co:

cepts about which they agree with oi

another—or with the reviewer. In the ca

of these two books, however, such a cor

parison would be a travesty. The Co
tinent We Live On, therefore, will 1

1

sampled only briefly, so that some of tl

stimulating concepts in Our Nation

Park Policy can be examined at lengt

ONE surprising aspect to be noted r Hi

garding the approximately 235 fii

photographs (of which 109 are in colo)

is that only three have any discernab

trace of man or his artifacts. All tl

others are unmarred by houses, powi

lines, vapor trails, highways, or charmir

models in bright clothing. Only a few

the photographs are obviously posed

make use of dead, propped-up specimei

or museum displays. (One example

the last—a picture of a jack rabbit—

w

taken in The American Museum
Natural History, but it is not proper «

captioned or credited.) As a result, tl

bulk of the pictures form a beautif *il

portfolio of America's natural landscap

which may justify purchase of the boo

Even Mr. Sanderson's introductoi

remarks, however, indicate his lack

familiarity with his chosen subject. E

makes the baseless claim that "not ha

a dozen states . . . have so much as a veg *i

tation map of their territory. . .
." To tl

reviewer, who presently is wilting hi "s

neath the burden of cataloguing mo|

than a thousand published vegetati< *

maps of various parts of North AmeriO

this statement is ludicrous. Althou|

they vary in quality, scale, and concej

such maps are available for every sta

and every portion of North America.

I



The legion of erruiieous stalemenls in

he text permits mention of only a few

;xamples. The author states, early in

he work, tiiat a body would weigh about

1 per cent more at the North Pole than

,t the Equator, owing to the difference

,n centrifugal force produced by the

arth's rotation. Actually, the increase in

veiglit would be less than 0.4 per cent,

ain. he observes that an iceberg melts

(lore rapidly bcloiv the water surface

han above, and therefore rises higher

a the water as it melts. Anyone with an

lementary familiarity with Archimedes'

aw would know this to be the reverse of

hat occurs. Actually, an iceberg rises in

tie water because its exposed surface

lelts or abates more rapidly than its sub-

merged sections. As weight is removed

rom above, the pressure of the water

jrces the ice upward until only enough

i beneath the water to displace a volume

f water with a weight equal to that of

le entire ice mass.

But there is more. Steam, it is said is

l|ie gaseous phase of water, whereas

actually is a suspension of liquid drop-

ts.The Laurentian Shield, the major

ologic feature of central and eastern

anada. is termed a "horst," although

horst. by definition, is a vertically ele-

;ted fault block. The Yukon's St. Elias

ange is modestly said to have a peak

( evation of more than 18.000 feet: actu-

ly. its highest peak—Mt. Logan —reach-

a proud 19.850 feet. Glacier Bay is

ferred to as a National Park of 230.000

J
:res, while in reality it is a National

onument of nearly 2.300.000 acres. The

li
llest redwood is said to have stood 340

J
et in height, but the tallest known red-

jj )od—the Founder's Tree—was 364 feet

jj
len last measured, and is still growing.

Let us also select at random a few

amples of Mr. Sanderson's unnatural

story. We learn at the master's knee

at the major glacial periods were not

nes when ice moved over the land, but

len, instead, "the land must have

5ved in and out under the polar ice. . .

.'"

lother bit of lore, designed to awe the

wary reader, relates that desert plants

ave developed" spines for the "pur-

se" of discharging surplus static elec-

city. thus becoming—according to the

thor—lightning rods in reverse. This

plains the "strange crackling sounds"

d the mysterious lights that people

th Mr. Sanderson's imagination seem

one to encounter in the desert.

The usual errors in popularized nature

counts written by ill-informed or care-

s authors also occur. Plants breathe

•Qugh pores located on the underside

the leaves. Cacti are the dominant

ints of the desert and. if removed,

uld leave a barren or "sterile" void.

lAn ecologist. Dr. McCormick is with
both the Botany and Polar Research
Departments at Ohio State University.

The reader siiould also be cautious of Mr.

Sanderson's glossary. Among other er-

rors, a saprophyte is there defined as

"A plant that grows upon but is not

parasitic on another plant."

In addition to its mistakes, mucii of

the text of The Continent We Live On is

inappropriate. Although the book is sup-

posedly designed as a description of the

natural landscapes of North America, a

goodly portion of the text and many of

the illustrations are devoted entirely to

the mammals of North America. How-
ever, it must be conceded that Mr. San-

derson is more accustomed to discussing

mammals than geologic processes, land-

scapes, and vegetation patterns. It is at

least a relief to find that the strange,

humanoid creatures which, according to

Mr. Sanderson's previous writings, are

roaming undiscovered through our west-

ern wildernesses, find no mention here.

ON the other hand, so much history, so

many facts, and such a variety of

suggestions, opinions, and predictions

have been crammed into Dr. Ise's book

that it would require a reviewer of rare

qualifications properly to evaluate and

combine all of this work's aspects.

Few of us need to be reminded that we
live in a time of rapid changes in ways of

life. In about a century, we have pro-

gressed from horse and buggy to space

probe, from heliographs and smoke sig-

nals to instantaneous communication by

telephone, radio, and television, and
from a life expectancy of little over 40

years to one of nearly 70. Several factors

have precipitated the modern need for

action to preserve America's remaining

natural areas and to provide more recrea-

tional lands and facilities. Among these

factors are the rapid growth of our popu-

lation, the rise in real income, the avail-

ability of more leisure time, the rapid

disappearance of open land— particularly

around metropolitan centers—and the

increasing mobility of our population.

At the present, we have too few natural

areas, insufficient recreational lands in

our public parks, and a very inequitable

geographic distribution of park lands.

An opinion often is voiced, however, that

we have too much land "tied up" in parks

or otherwise kept "unproductive." Dr.

Ise's comment on this statement is that,

even if we had twice as much park and

wild land, it would not he necessary or

desirable to forfeit any of it for other

uses. This is because the demand for out-

door recreational outlets is increasing

much more rapidly than the supply,

whereas our ability to bring forth pro-

duce from the land is increasing more

rapidly than the demand for those prod-

ucts. We certainly need no land bank

for surplus park land.

The difficulties of maintaining any area

in a totally natural state are briefly con-

sidered by Dr. Ise. A major problem here
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is that no area with artificial property

boundaries is likely to be a self-sufficient

biotic area. This situation is aggravated

because each year the boundaries of wild

land are circumscribed more closely by

the intrusion of man and his homes,

motels, farms, ranches, and other activi-

ties in surrounding areas.

Some of the animal inhabitants of a

wild area will always range outside its

boundaries, while animals with homes

elsewhere will always be temporary visi-

tors to such an area. Efforts to eliminate

predators may have reduced these ani-

mals so effectively that the grazers and

browsers will reproduce at a rate that

decimates the available food plants.

When this occurs, many of the nonpred-

ators die of starvation and disease. The

surviving population is usually much

smaller than the original population be-

cause the recovery of the food plants,

or range, is exceedingly slow.

Although Dr. Ise does not mention the

as yet unknown effects of radioactive

fallout and the possible direct effects of

nuclear blasts in the event of a war, he

does mention that man has become quite

efficient in the protection of natural com-

munities from fire and insect attacks.

This efficiency, however, already is pro-

ducing drastic changes in natural

communities. Some communities, for

example, require fire for their establish-

ment or perpetuation. Insect epidemics

also seem to play a major role in the per-

petuation of some forest types. A much
more important effect of insect control,

however, results from control measures

themselves— usually broadcast applica-

tions of poisons—which kill not only the

destructive pests but also many other

kinds of insects, spiders, mites, and even

birds, fish, and mammals. Admittedly,

it is difficult to let oneself stand by and

observe the progress of a fire through a

natural area or to watch the slower pro-

gress of an insect epidemic. But. more

often than not, fire and insects and dis-

eases are an integral part of the ecolo-

gical regime of a vegetation type. Protect

the vegetation from them, and interac-

tions between the plants themselves will

change the vegetation. It would be im-

possible, for example, to preserve many

kinds of pine forests if fires were elimi-

nated. Even the giant sequoia would

eventually be replaced by pines, incense-

cedar, and firs if fires did not periodically

kill these competing trees and provide

bare soil for sequoia reproduction.

OUR preserved natural areas already

are besieged by proponents of the

"multiple use" philosophy of land man-

agement. Most of the multiple-users

argue that large, "overmature" trees, or

trees blown down by the wind, or killed

by fire, lightning, insects, or diseases

should be removed from natural areas—

either, frankly, to provide lumber rather

than going to waste, or to "protect" the

ili

1

i

i

areas by reducing insect-epidemic or fi

hazards. Usually, they also comment th

the remaining forest would be render^

more attractive, because many crooke

malformed trees would be removed ai

ultimately would be replaced by youn

straight-trunked trees. Although mai

of these arguers are not motivated

selfish, economic interests, no few

Those whose views are altruistic overloi

one fact—they are actually recommen

ing the artificial alteration of biotic coi

munities that have been placed und

protection specifically to prevent ji

such artificial alterations. We certain

cannot learn much about the workin

of nature if we begin to substitute o

own methods for nature's.

LOOKING far into the future, Dr. 1

thinks that our parks and preserv

areas are relatively secure as Ion

there is a sufficient supply of other lai
"

for agriculture and commercial tinib

production. However, if the present ra

of population growth continues, we m
find that these preserved areas ha

merely been "banked." As the deman
increase for timber, for water (to be us'

for irrigation, for hydroelectric powiL

and for domestic and industrial pi

poses
)

, and for more grazing and cr-

land, there may be a commercial invasi

of preserved areas. Such an invasion m
become irresistible if it is essential to t

survival of our population.

The most immediate threat to our J

creational and natural areas, however,

not this exploitation. Rather, it lies in t

growing popularity of these areas ai
^

the opportunities they afford for seer

enjoyment and outdoor activities su

as camping, hiking, boating, and skiir

The preserves may deteriorate simp i

because of overuse by "swarming hord

of vacationists." By 1966, some 80 m m

lion visitors will throng to our nation

parks alone. By the year 2000. this tot

may mushroom to 300 million or ev

more. The use of other kinds of reserv|(i

lands should increase proportionate

Throughout Dr.Ise's book, one feels

is a miracle that our nation has any p:

served lands. Americans always ha

been and still are too indifferent to o|ie

natural heritage. A few often unapp

ciated individuals have fought untc \\

battles against tremendous numeric

and financial odds to secure, mainta

and enlarge our systems of preserv

lands. To assure the perpetuation a

extension of these areas, every interest

citizen must contribute in some for

The numbers of the interested are si

relatively few, although their numb(

are increasing. Dr. Ise has suggested

appropriate slogan that might becol s

the watchword of wilderness lovers «*

shudder at the sight of the not alwa

necessary rape of the American lai

scape by bulldozer, plow, and saw: "G

bless America, and let's save some of i

\



N BRIEF
OMADS AND EMi'iriK Ouii.DKRs, by Carle-

n Deals. Chilton Company, ST.SO: 322

7., illlist rati'd.

N an attempt to fill what he considers

a serious gap in our knowledge of the

eat continent to the south of us, Carle-

Beals has written a book that at-

(npts to describe South America's

any, multiracial cultures in all their

varsity. The writing seems hurried and

temperate at times, especially when
; author discusses the various theories

racial origin in South America. And,

an effort to cover all the cultural his-

y of the inhabitants of so vast an area.

;reat deal of summarizing is necessary.

. a result, too much is packed into too

tie room and, for the reader, one cul-

e begins to diffuse into another. The
thor does succeed, however, both in

senting quantities of information and

suggesting the variety and cultural

alth of our American neighbors.

ANT Hunters in the Andes, by T.

rper Goodspeed. University of Cali-

nia Press, $7.50; 378 pp., illustrated.

IR.
Goodspeed's book is an account

of a number of expeditions to Peru,

ile, and Argentina undertaken by per-

mel of the University of California's

tanical Garden between 1935 and
i8. Their findings should be of interest

most botanical travelers in these re-

us. The author offers much informa-

1 concerning the environment and cus-

is of life in the Andes, but the mate-

is so diffuse and the style so wooden
t the book is hard climbing indeed.

E Cloud Forest, by Peter Matthies-

. Viking, $6.50; 280 pp., illustrated.

ETER Matthiessen crossed the Andes
nine times—not always by intention—

[ traveled by boat, raft, plane, foot,

and railroad to cover most of the

essible parts of South America, and
16 of the "inaccessible." Finally, hav-

survived a horrendous journey to the

)ical interior of Peru, he was shown
uge, fossilized animal jaw, which be-

le the subject of much subsequent

troversy. The author's style is urbane
his observations clear and evocative.

deep interest in natural history is a

n to the reader, since it allows him
lame a majority of the animals, and
[ly of the plants, that he encountered.

Matthiessen also has a wry and
etimes exasperated interest in his

Dw man. As were the best of explor-

he seems led on by something below
beyond the surface of things—per-

"s typified by a lost and beautiful

St am he describes as having the "inner,

IB terious quality of the jungle." Doubt-
It'

, as he suggests, Mr. Matthiessen has
11' left this deep, violent, and indolent
ci :inent for sood.

Crusaue For Wiloliie. by James B.

Trefethen. The Slackpole Company,
$7.50; 377 pp., illustrated.

THIS book was commissioned by the

Boone and Crockett Club, of which
Theodore Roosevelt—America's first

great conservationist in the public realm
—was a founder. It is, therefore, partly

concerned with giving an account of the

club's history, which involves the Amer-
ican game hunter's relation to the con-

servation movement. Mr. Trefethen also

provides a general history of conserva-

tion in America from the time of Roose-

velt's arrival in the West as a young
man to the present time.

Watchers at the Pond, by Franklin

Russell. Alfred A. Knopf, $4.50; 265

pp., illustrated.

Many books have been written on the

subject of a pond's natural history

in the cycle of a year—both in general

and technical terms. Few, however, have
managed to include as much lively detail

as this one. Sometimes the fecundity and
violence that the author reveals seem
too simply concentrated, although he

manages at the same time to suggest the

vast area and the context of space and
time in which the life and death of a

pond take place. This is, in any event, a

book packed with action for the general

reader; rich in information and as ex-

citing a narrative as one will find in any
work of fiction.

Sir Hubert Wilkins. by Lowell Thomas.
McGraw-Hill, $5.95; 296 pp.,illustrated.

This biography by Lowell Thomas is

the story of the late Sir Hubert Wil-

kins, a polar explorer famous for being
the first to attempt navigation under the

Arctic ice with a submarine. Although
it relates the life of a man who had more
than the usual share of adventures, the

book remains somewhat characterless.

But it has the virtue, if such it is, of

modesty and simplicity.

The Lonely Land, by Sigurd F. Olson.

Alfred A. Knopf, $4.50; 273 pp., illus-

trated by Francis Lee Jaques.

THIS is the story of a modern canoe
trip to the wilds of Canada, following

the routes of the legendary voyageurs
along the Churchill River in Saskatche-

wan. The author and a party of five men,
prominent in public life, undertook this

often dangerous journey, as one of them
put it, "to iron out the wrinkles in my
soul." They did not flinch before the

rapids and took the most difficult port-

age in their stride. This is a well-unified,

forthright book, which manages to con-

vey a strong sense of the quality of the

wilderness to the north of us that still

deserves its name.
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UnworldlyMechanics
The early artificers of astronomical models served science well

By Derek J. de Solla Price

ANY SCHOOLBOY KNOWS Chaucer, but a much smaller

number of students is aware that the best medieval

Ini^lish book on an astronomical instrument is Chaucer's

rcd/ise on the Astrolabe, written in 1391. My own interest

II t'iirly scientific instruments has been great for many
tars. Having had the privilege of constant access to the

real manuscript collections of Cambridge University not

lilt; ago, I made a point of trying to examine every avail-

lilf medieval text that contained something about such

isli uments. After some months of relatively trivial result,

nil at a point about halfway through my check list, for-

jne smiled for me. At the Perne Library of Peterhouse—

le oldest Cambridge library—there was but one note-

orthy item dealing with instruments. The catalogue

escribed this as a tract. Latin incipit cited, ''on the con-

uction of an astrolabe ( ? )

."'
It was a rather dull volume,

aditionally attributed to an obscure astronomer, and prob-

bly had hardly been opened in the last five hundred years.

As I opened it. the shock was considerable. The instru-

ent pictured there was quite unlike an astrolabe—or

lything else immediately recognizable. The manuscript

self was beautifully clear and legible, although full of

asures and corrections ( exactly like an author's draft

ter polishing — which, indeed, it almost certainly is).

bove all, nearly every page was dated 1392 and written

Middle English instead of Latin. My high school had
id a mad English teacher who. instead of spoiling Shake-

eare, taught us Old and Middle English for a year, so

rtuitously I was not completely unprepared for the task

reading this work with some understanding.

The significance of the date was this: to find another

glish Instrument tract dated in the year following

laucer's work was like asking "What happened at Hast-

gs in 1067?"' The conclusion was inescapable that this

ct must have had something to do with Chaucer. It was
exciting chase, which led to the eventual conclusion

at this was very probably a second astronomical tract

our great poet—and. moreover, the only work that ex-

ed in his own handwriting.

By the end of this research I was considerably more
miliar with the history and structure of the "planetarv

uatorium'"—the instrument that it seems Chaucer had
scribed as a companion piece to his astrolabe. This pair

instruments was to a medieval astronomer what a slide

le is to an engineer. The astrolabe was used to calculate

5 positions of the stars (it could also be used for simple

servations, just as a slide rule can function as a straight

ge), while the equatorium was used to calculate the

sitions of the planets among the stars.

-TAIL OF EQUATORIUM is Seen at left. The manuscript of

lich this drawing is a part has been attributed to Chaucer.

This new background in the early history of other instru-

ments led me to realize that the astrolabe and equatorium
occupied a strategic place in history. They were by far

the most complicated and sophisticated artifacts through-
out the Middle Ages. Their history seemed to extend back
continuously in that period, although it was uncertain
whether they should be ascribed to a Hellenistic or just an
early medieval origin. At the other end of the scale, they
survived in some form or other until the sixteenth and
seventeenth centuries, becoming then involved with the
astronomical clocks of the Renaissance and the orreries

and planetariums which, respectively, had such a spec-

tacular vogue in the eighteenth and twentieth centuries.

Here one was fishing in very rich waters. The specific

task at hand was to see whether the astrolabe and equato-
rium would contribute to what was surely a very complex
and unsatisfactory state of knowledge of the origin of

these later astronomical showpieces. They heavily influ-

enced the thought of such people as the theologian Paley,

the scientist Boyle, and the poets Dante and, of course,

Chaucer. They pushed philosophy toward mechanistic
determinism. Put in this setting of the history of science,

an even larger task seemed to emerge; one that is funda-
mental for our understanding of modern science.

THIS larger task concerns an appreciation of the fact

that our civilization has produced not merely a high
intellectual grasp of science but also a high scientific tech-

nology. By this is meant something distinct from the back-

ground noise of the low technology that each civilization

and society has evolved as part of its daily life. The various

crafts of the primitive industrial chemists, of the metal-

lurgists, of the medical men. of the agriculturists—all these

might become highly developed without presaging a scien-

tific or industrial revolution such as we have experienced

in the past three or four centuries.

This high scientific technology seems to be based upon
the artifacts produced by and for scientists, primarily for

their own scientific purposes. The most obvious manifesta-

tions of the technology appeared in the seventeenth cen-

tury, when all sorts of complex scientific gadgets and
instruments were produced and proliferated to the point

where they are now familiar as the basic equipment of the

modern scientific laboratory. It is, indeed, the story of

the rise of modern experimental science. Curiouslv enough,
the movement does not seem to have sprung into being
in response to any need or desire on the part of the scien-

tists for devices they might use to make experiments and
perform measurements. Galileo and Hooke extended their

senses by telescope and microscope, but it took decades
before these tools found further application.

On the contrary, it seems clear that in the sixteenth and
earlier centuries the world was alreadv full of ingenious
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Workings of equatorium for computing longitude of major
planets is shown, above. Supposedly Chaucer learned about
instrument from a Latin translation of a script in Arabic.
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Ptolemaic means of calculating position of major planet,

above, parallels the geometry of the equatorium. Scholars

used astrolabe for star positions, equatorium for planets.
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artisans who made scientific devices that were more won
drous and beautiful than directly useful. Of course, man)
of the things, to be salable at all. had to be useful to s

point. Consider, for example, the clock. It certainly hac

some use in telling the time a little more accurately thar

common sundials, but one gets much more the impressior

that even the common domestic clock, not to speak of the

great cathedral clock, was regarded in early times more

as a marvel and as a piece of conspicuous expenditure than

as an instrument that satisfied practical needs. The usef

fulness, of course, developed later. Eventuallv. the artisan

became so clever, and were producing such fine wares

that public and scientist came to them to obtain not onl\

clocks but also a whole range of other scientific devices

IT
seemed, then, that given the clockworks of the six

teenth century, one could proceed in a reasonabl)

continuous historical understanding to the advanced instru

ments built by Robert Hooke for the early Royal Society

and from that point by equally easy stages to the cyclo

Irons and radio telescopes of today's laboratories and te

the assembly lines of Detroit. The problem was to accoun *

for the highly complicated clockwork and the developmen

of its ingenious craftsmen in the sixteenth century

Now, the history of the mechanical clock is as peculiai

as it is fundamental. Almost any book on the history o

time measurement opens with a pious first chapter dealing

with sundials and water clocks, followed by a chapter ii

which the first mechanical clock described looks recogniz

ably modern. The beginning is indeed so abrupt that i

often seems to me that the phrase "history of time meas

urement" must have been expressly coined to conceal fron

the public the awful fact that the clock (as distinct fron

other time-telling devices I had no early history.

It is even worse than this. The very earliest mechanica ,:

clocks we know are the magnificent astronomical show

pieces, such as the great clocks of Strasbourg Cathedra

and Prague. In fact, the earliest of them all, a clock bull

by Giovanni de Dondi in Padua in 1364, is by far thi

most complicated of the series. It contains seven dials,

showing each of the planets and all sorts of other astrojji

nomical data, with an extra, rather inconspicuous dia

that tells the time. It uses intricate multiple trains of geai|

wheels, even with pairs of elliptical gear wheels, link mo
tions. and every conceivable mechanical device. Noth

quite so exquisite mechanically was built again, so fa)

as we know, until a couple of centuries later. Even today

a more cunningly contrived clock would be hard to find

If one begins the history of the clock with this specimen

it is plain that the art declines for a long time thereafter

and that a glorious machine that simulates the design

the Creator by making a model of His astronomical uni

verse is eventually simplified into a device that merely telli

the time. Thus, one might well regard the modern clock ai

being nought but a fallen angel from the world of astron

omy! What, however, of the state of things befon

de Dondi? His clock contains the very remarkable devici

of the escapement and all the wheelwork and weight-driv(

that is basic to the original invention. Where did thesi

inventions come from? Something so sophisticated as thi

escapement could not have come into being suddenl]

except by a stroke of genius, and in such a case we migh

reasonably expect that some hint of the invention shouli

have been preserved. We are, however, completely ignoran

jf



)e Dondi's great clock, an astronomical machine of 1364,
iresents a puzzle. The earliest known mechanical clock, it

<tr ^.*i-«'&eO »^?iii'ilrfiK'

is clearly too complex to have been an original invention
Gear train for a perpetual calendar, above, was one portion.

f a beginning. All that de Dondi tells us is that the escape-

lent is a common device in his time.

ro inject some unity into the story, I therefore at-

tempted to disentangle the clock from the history of
me measurement and connect it, instead, with the longer
nd earlier history of astronomical models, such as the

5trolabe and equatorium. This seemed just the attitude

lat was needed. It so happens that all the available ex-

uples of geared, clockwork-like, fine mechanical devices

fore the advent of the clock were models of this sort;

e call them "protoclocks." There were several useful

:amples, preserved in museums or mentioned in texts,

at connected well with this development: they were
iared astrolabes and mechanical calculators for the plane-

ry motions, and seemed to have a continuous history.

This led to the tentative hypothesis that the early per-

tion of astronomical theory had induced men to make
vine machines to duplicate the heavenly motions. These
otoclocks were necessarily as complex as the astro-

imical theory, and their execution called forth a great

al of fine mechanical skill of a sort not expended else-

lere in early times. Such models acted as a medium for

e transmission of high skills among scientific artisans

rough the ages, which reached a pinnacle in the late

iddle Ages and Renaissance and provided a reservoir of

jchanical ability that must be regarded as the source of

r later scientific instrumentation.

There were still many problems to solve. Perhaps the

safest was that of the mysterious origin of the clock

-•apement, one of the few major inventions that remained
mpletely anonymous and unaccounted for. While worry-
about this, I called one day at the Cambridge office of

seph Needham, famous for his monolithic work on
ience and Civilization in China. My purpose was to seek
k latest information on a well-known mechanical equato-
m, a planetarium-like object that had been constructed
Su Sung in a.d. 1088, at the height of the Sung Dynasty
China. In a sense, it is "well-known" because Su Sung's

book, first written in 1092, has been several times re-

printed and republished—most recently in 1922—and has
often been quoted and cited in histories. But those who
had written about it, and presumably all those who had
looked at the many editions, had apparently never
bothered to read the really technical material in it or to

examine critically the numerous diagrams showing these

mechanical details.

Quite apart from sundry astronomical peculiarities and
the fact that the prime mover looked like a large water
wheel, there was an arrangement of rods and pivoted bars
and levers that seemed from the picture to act as an escape-
ment, checking the motions of the wheels. Now, this object
was securely dated some three centuries earlier than the

first European mention of the escapement, and Needham
needed little urging to translate pieces of the text and con-
firm that the mechanism was indeed an escapement.
From then on we worked day and night for some four

months, with Needham and his assistant, Wang Ling, trans-

lating texts and providing the rapidly increasing historical

background, so that together we could understand the

mechanical details and fit this object into the known his-

tory of scientific technology. Because of the early inven-

tion of printing in China, and the Chinese custom of

producing in each dynasty a sort of analogue to Great

Books of the Western World, so that little of vital impor-
tance was lost, we have amazingly fine documentation for

Su Sung and his machine. The information is perhaps
more complete in some details than the facts we have
about many nineteenth- and twentieth-century inventions.

THANKS to the comprehensiveness of Su Sung's book
and the accompanying sources, we were able to work

out an exact understanding—almost a modern engineering

specification—for his machine. In the course of this we
acquired so much new understanding of the terms that we
were able to seek other, more fragmentary, texts and glean

from them a previously unintelligible but now usefully

complete story of how Su Sung was only the end of a long
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line of similar people who had built similar devices from

the Han Dynasty (approximately Roman times) onward.

Su Sung's great device may be called an astronomical

clocktower. It stood some thirty feet high, with another

ten feet of observing instruments mounted on a platform

on top. Concealed within the housing was a giant water

wheel fed by a carefully controlled flow that dripped at a

steady rate, filling the buckets of the wheel slowly. Each

quarter-hour the wheel became so loaded that it tripped

its escapement mechanism, and the whole tower burst into

cacophonous activity with a great creaking and groaning

of wheels and levers. On the tower top, the observing

instrument was turned automatically to keep pointed stead-

ily at the moving heavens. In a chamber below, a marked

star-globe also rotated automatically to provide a micro-

cosm on which the astronomer could see the risings and

settings of stars and planets without going outside; it is

said proudly of this globe that "it agreed with the heavens

like two halves of a tally." On the front of the clocktower

was a miniature pagoda with a series of doors one above

the other. At appointed times, whenever the escapement

tripped, these doors would open and little manikins would

appear holding tablets marked with the hours of the day

and night, ringing little bells, clashing cymbals, and sound-

ing gongs. It must have been a most spectacular sideshow.

FOR all the complexity of its externals, the Su Sung

clocktower was a comparatively simple mechanism.

The big water wheel needed only a simple pair of gears

to connect it to the rest of the paraphernalia, which in turn

needed only the most elementary mechanical levers and

such devices to produce its effects. Only the escapement

mechanism was totally unexpected and refined. It did not

tick backward and forward quickly, as in the mechanical

clock, controlling all the timekeeping properties. Neither

was it like the European water clocks, in which a con-

tinuous stream of water produced continuous or intermit-

tent action, depending solely on the rate of drip of the water.

Su Sung's was definitely an intermediate and missing link

in the development of escapements. We managed to trace

the invention of this form of water-and-lever escapement

back to one of the many earlier astronomical clocks built

in A.D. 725 by the Tantric monk I-Hsing and his engi-

neering collaborator Liang Ling-tsan. We also succeeded

in tracing the line back to the first-known clock in the

series, which had been built I perhaps as a non-timekeeping

astronomical model I by Chang Heng, about A.D. 120-140.

What was perhaps more important was that we were

able to suggest, at least, how this Chinese invention might

have been transmitted to Europe. Curiously enough, one

of the other workers on clocks, contemporary with Su

Sung, was Shen Kua, who is deeply involved with the

history of the magnetic compass. This device seems to have

become known in Europe at much the same time as the

escapement, which, of course, had also been transmitted

from the Far East instead of having been a home product,

as we had previously supposed.

In the context of the larger history of civilizations, it is

12

of the greatest interest that heavenly clockwork developec

not only in the West but also in China, where mathematica

astronomy was much weaker and not nearly so compli

cated. The reason is, of course, that even something si

basic and mathematically simple as the daily cycle of rota

tion of sun and stars, and the yearly cycle of the sun am

calendar, was so fascinating that it must have been almos

irresistible for some men to play god and make their owi

little universe. It bears emphasizing that since the existenc

of such clockwork is the most sensitive barometer we hav

for the strength of the high scientific technology in

society, we must say that at this period in the Sung, th



Chinese had reached a remarkable level in the ratio of

*iigh technolog) to pure science. In East and West, the

echnology must have been at much the same level, insofar

is one can compare them at all. In the East, pure science

as not inconsiderable; the Chinese had done many things

ot yet achieved at that time in Europe. The West, on the

ther hand, had the glory of high-powered, mathematical

istronomy that eventualh' dominated our scientific destiny.

The more recent e\ ents in the chronological development

vere beginning to fall into a pattern. It provided a whole

ange of clockwork before the clock, included a reasonable

uggestion for the origin of the escapement, and united

the previously sejiarate jjrovinces of water clocks, mechani-

cal clocks, and astronomical protoclocks. One might afid

that there resulted even more security in the supposition

that this was no mere piece of antiquarian parochialism

within a province of the history of technology of science.

Rather, it was an essential key that would lead ultimately

from some beginning to an understanding of the whole

world of fine mechanics and complicated machines that

grew up during the scientific and industrial revolutions.

Ar this point, taking stock of the situation. I began to

feel much more puzzled about the historical origins of

the whole process at the early end of the time scale. Al-

though I felt sure in my bones that the initial motivation

for divine astronomical models must have come from the

complex Greco-Babylonian astronomy in Hellenistic times,

there seemed little to support the conjecture. The astro-

labe, it is true, was mentioned by Ptolemy and might well

have been invented, in principle at least, by Hipparchus

in the second century B.C. This is, however, a mechanically

very simple device, although mathematically most in-

genious. It consists merely of a special, circular star map
that may be suitably revolved to show where the stars are

at any time of any night of the year. It is still used in

modified form (as a "star-finder" I by Boy Scouts and

others, although the old brass astrolabe with its mathe-

matical elegance of stereographic projection is an infi-

nitely more delectable instrument than is the commonplace

cardboard starfinder of today.

What was needed as supporting data was some highly

complex mechanical device from antiquity, preferably full

of gear wheels and obviously constituting a precursor of

the clock. But when one examines Greek mechanical

devices critically in a hunt for clockwork, all the ingenuity

and appearance of complexity seem to evaporate. Almost

our only sources for description of machinery are the writ-

ings of Archimedes, Heron of Alexandria, and Vitruvius.

All these writers mention the use of geared wheels in some

form or other, and the use of geared wheels must have

risen quite early, perhaps around Archimedes' time.

For all the evidence of the use of gear wheels in simple

pairs, there appeared not a single example of anything that

we would regard as a complex machine. Perhaps the best

is the odometer described by both Heron and Vitruvius,

but this employed only pairs of gears in tandem to provide

a very high ratio for speed reduction. It was a counter

that indicated miles traveled by recording the number of

revolutions made by a peg on the axle of a carriage or of

a special paddle wheel hung over the side of a boat.

If this is the beginning of all clockwork, it is not very

glorious, and frankly I hoped for something better, al-

though at my ears was the solemn judgment of the classi-

cists that the Greeks were not interested in these degrading

mechanic occupations. There are good authorities for this

attitude, and it may be a reasonable consequence of the

existence of slavery, as has often been noted. Thus, the

Greeks appeared to be interested in mechanics only for

what mental gymnastics it could afford and preferred to

pass silently over as much as possible of the low. every-

day technology. There was ground for hope, however.

Su Sung's clocktower, built in 1090, is another, earlier,

astronomical machine, which was run by water power. The
reconstruction at left was prepared by John Christiansen.

13



Escapement drove the machinery of Su
Sung's clock, turning the steady water

flow into periodi<' activation of main

drive-wheel. Here tlit- drive-wheel is

at rest, held in position by the upper

balancing lever (A), while the water

scoop (B) on edge of the drive-wheel

is filled from a rcsirvoir inn

because Heron of Alexandria shows in his book on the

Automaton Theater and in his Hydrostatics a certain

schoolboy delight in ingenious trick devices. Although

none of these devices uses anything mechanically more ad-

vanced than simple levers, strings, and, in a few odd in-

stances, gears, here was the right attitude. This, however,

in such weak form, could not be all there was to show for

the great days of Greece.

At this point, the winds of chance blew me to haven at

the Institute for Advanced Study at Princeton in the com-

pany of a number of fine classicists, epigraphers, and

archeologists, as well as physicists and other scientists. In

this assemblage it seemed to be natural to bring out of

cold storage the one piece of material evidence in the field.

It had been considered exciting by all researchers, but had

hitherto been rejected by all because of difficulties so over-

powering that it seemed hopeless to consider it anything

but an oddity that we might some day approach when
further material came to light.

THIS evidence was an object brought to the surface in

the first and unexpected discovery in underwater

archeology, in 1900. During that year. Greek sponge

divers, driven by storm to anchor near the tiny island of

Antikythera, below Kythera in the south of the Pelopon-

nesus, came upon the wreck of a treasure ship. Later

research has shown that the ship, loaded with bronze and

marble statues and other art objects, must have been

14

Wheel moves when a scoop is full and

weight of water overrides counterweight

of the lower balancing lever (C). As

drive-wheel starts to turn, a ratchet

(D). which prevents recoil at a later

phase, is lifted by the ad\ancing scoop-

pin (E). behind wliicli il will droi) into

a npw |io^iti(i,n :iiin '

' :

i

. ,1

wrecked about 65 B.C. (plus or minus ten years), whilep

making a journey from the neighborhood of Rhodes and

Cos and on its way, presumably, to Rome.

Among the surviving art objects and the lumps of cor-lf

roded bronze and pock-marked marble, there was oneji'

pitiably formless lump not noticed particularly when it was!,'

first hauled from the sea. Some time later, while dryinaji

out, it split into pieces, and the archeologists on the job s

immediately recognized it as being of the greatest impor|lj;

tance. Within the lump were the remains of bronze plates'a

to which adhered the remnants of many complicated geail

wheels and engraved scales. Some of the plates werej|

marked with barely recognizable inscriptions, written iii'P

Greek characters of the first century B.C., and just enougl|!

could be made of the sense to tell that the subject mattei

was undoubtedly astronomical.

Unfortunately, the effect of two thousand years of un

derwater decomposition was so great that debris frorr

the corroded exterior hid nearly all of the internal detai

of inscription and mechanical construction. In the absencf

of vital evidence, the available information was published

only rather uncertain and tentative speculation was possi

ble about the nature of the device. In the main, the expert

agreed that we had here an important relic of a complei

geared astronomical machine, but opinions differed aboii

its analysis and any relation it might have to the astrolabi

or to a sort of planetarium that Archimedes is said to havi

made. Several efforts were made by scholars during thi



Forward movement of wheel now
brings pin of the filled scoop in contact

with the trip lever (F), and weight of

the water is sufficient to drag down both

irip lever and the chain that suspends

it. Motion of chain, in turn, raises the

upper stop (C), making it possible

for the advancing scoop-pin to go by.

St half of this century, but the matter remained incon-

usive, and had to stay that way until the painstakingly

3W labors of museum technicians had cleaned away

ough debris from the bronze so that more inscription

uld be seen and more gear wheels measured.

With my new interest in astronomical machinery, and

e facilities and help of the Institute at my disposal. I

refuUy re-examined a set of new photographs of the

agments. which had kindly been provided for me a few

ars before by the Director of the National Archeological

useum at Athens. Although a considerable cleaning of

e fragments had made both lettering and gearwork much
sarer than before, they were not clear enough to make
possible to solve the three-dimensional puzzle of fitting

agments together by relying on the photographs alone.

A grant from the American Philosophical Society al-

wed me to visit Athens that summer. Through fortunate

cumstances. the assistance was available there of George

amires, an epigrapher friend from the Institute, who
Iped me by masterly readings of the difficult inscrip-

tns. The museum authorities were most co-operative.

d it proved a none too arduous task to sketch the details

the mechanism, measure everything that could be meas-

ed, and photograph every little fragment. So armed. I

turned to Princeton and to the jigsaw puzzle.

Little by little, the pieces fitted together until there re-

Ited a fair idea of the nature and purpose of the machine

d of the main character of the inscriptions with which

it was covered. The original Antikythera mechanism must
have borne a remarkable resemblance to a good modern
mechanical clock. It consisted of a wooden frame that

supported metal plates, front and back, each plate having

quite complicated dials with pointers moving around them.

The whole device was about as large as a thick folio

encyclopedia volume. Inside the box formed by frame and
plates was a mechanism of gear wheels, some twenty of

them at least, arranged in a non-obvious wav and includ-

ing differential gears and a crown wheel, the whole lot

being mounted on an internal bronze plate. A shaft ran

into the box from the side and. when this was turned, all

the pointers moved over their dials at various speeds. The
dial plates were protected by bronze doors hinged to them,

and dials and doors carried the long inscriptions that

described how to operate the machine I illustration, p. 17 1

,

IT
appears that this was. indeed, a computing machine

that could work out and exhibit the motions of the sun

and moon and probably also the planets. Exactly how it

did this is not clear, but the evidence thus far suggests

that it was quite different from all other planetarv models.

It was not like the more familiar planetarium or orrery,

which shows the planets moving at their various speeds.

but much more like a mechanization of the purely arithme-

tical Babylonian methods. One just read the dials in accord-

ance with the instructions, and legends on the dials indi-

cated which phenomena would occur at anv given time.
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^^^rsol Experimental Toads (fed intact,

Bgnsneyb ses) and Control Toads (fed dead

^^^ybees, with stinging apparatus removed)

3ting and rejecting a fin

Experi-

al Dronefly Mimic.

mental Control

Toads Toads Total

te 9 19 28

nal

imic

ejected 13 3 16

nal

imic

Jtals

i
22 22 44

like the other two controls, it ate all

the dragonflies. To summarize, then,

of the fifty-one robberflies presented to

the control toads, thirty-four (67 per

cent I were eaten.

One further aspect of mimicry re-

mained to be tested. Was the sting

really the source of the bumblebee's

noxiousness? It is quite easy—with the

aid of a dissecting microscope and

fine watchmaker s forceps—to remove

a bees stinging mechanism. First the

bee is anesthetized with carbon di-

oxide. Then it is placed on its back

on the stage of the microscope. The
abdomen is pressed carefully with the

forefinger, which causes the sharp

point of the stinger to protrude. This

is grasped with the forceps, and the

whole stinging apparatus and the sac

containing the liquid poison is pulled

out. Thirty-six bumblebees were pre-

pared in this way and were then

presented to the three control toads.

Twenty-four of the harmless bumble-

bees were eaten by the two toads that

had eaten robberflies. The third toad,

which had been bumped by the robber-

fly, rejected the twelve operated bum-

blebees presented to it. These results

told us two things: first, that the sting

was the source of noxiousness in bum-
blebees, and second, that a toad that

refused robberflies would also reject

bumblebees. This indicated that toads

fail to distinguish between bumblebee

models and robberfly mimics.

If we now look at the results of this

experiment as a whole, we can reach

several conclusions that answer the

initial questions we set out to test. The

experimental toads showed us that live

bumblebees were highly noxious to

them and that toads, after being stung,

could learn to reject bumblebees on

sight. When the robberfly mimic was

offered instead of a bee, the toads also

refused the mimic. However, two con-

trol toads that never experienced bum-

blebees ate robberflies readily. There-

fore, we concluded that the rejection

of the robberfly by the experimental

toads could be attributed to mimicry.

These toads apparently learned that

the bumblebee s color pattern was as-

sociated with the noxious sting and

confused the robberfly's coloration

with that of the bumblebee. Mimicry

was thus shown to be effective.

Asecond experiment was performed

with honeybee models and their

dronefly mimics. A large number of

toads served as caged predators. We
wanted to be able to compare the

reactions of toads that ate mimics

freely at the beginning of the exper-

iment with the same toads' reactions to

mimics after experiencing the model.

]\ext presentation of a bumblebee to

toad evokes negative reaction in form
of ducking and rejection. This showed
that toad had learned bee was noxious.

i6



In order to do this, it was necessary

for each toad to pass a qualification

test before being allowed to participate

in the experiment; each had to begin

by eating mimics as well as the edible

mealworms. Of the sixty-seven toads

that were brought in from the wild

and tested, forty-four qualified. The

(iliitr twenty-three did not, because

lh(\ failed to eat mealworms or drone-

llirs. or both. Fourteen of this group

ale iheir mealworms but refused the

lli-l dronefly, and some also exhibited

a reaction of rejection to the drone-

lilts by ducking and puffing up. With-

iiul further experiments it is not pos-

^ijilc to say conclusively why the toads

iijccted the initial mimics. However,

lluir behavior suggested strongly that

llu'se animals were already agents in

mimicry: that the toads had had expe-

rience with honeybees before being

eaught, and when they were confronted

» ith mimics in the laboratory, they

((infused the two. This is possibly a

valid conclusion, because all fourteen

(if the toads ate the mealworms, which

shows that they were discriminating

between the food items offered, and

were not simply rejecting everything.

In addilioM lo ihc (|ii;dilii alioii lot

to select only those toads that would

initially eat the mimics, a second |)rc-

caution was taken to insure that only

visual mimicry was involved in tin-

investigation. All the droneflies were

killed by deep-freezing before they

were presented to the toads. In this

way, we eliminated the possibility that

auditory mimicry, caused by the sim-

ilarity of the buzz of the dronefly

mimic and the honeybee model, might

influence the toads' reactions. To be-

gin the experiment, the forty-four

qualified toads were divided into two

groups: half were designated as ex-

perimental subjects, and the others

as controls. The experimental animals

were given a series of five live honey-

bees and five mealworms. The control

toads were given five dead honeybees

from which the stinging apparatus had

been removed, and five mealworms.

These bees had also been killed by

deep-freezing to eliminate their buzz-

ing, which in itself might have caused

the controls to reject them. The order

in which the insects were presented to

all the toads in both groups and the re-

actions of a typical control toad and

a iNpical cxijcriiiicntal toad are shown
ill the table on page 14, uft\))T left.

Tin; experiments showed that the

live hone\bees did indeed sling

the ex|)eriniental toads, although aji-

parently n<jt as se\erely as the larger

bumblebees had stung the loads in the

other tests. A few of the toads ate

the live honeybees without evident dis-

comfort, but most, after receiving two

or three stings, rejected the honeybees

on sight. The control toads, for the

most part, readily ate their frozen bees

from which the slinging mechanism
had been removed. This shows that the

sting of the honeybee. |)erha|)s rein-

forced by its buzzing, accounts for its

rejection as food b) the ex|jerimenlal

toads. Both grou|)s of toads continued

to eat mealworms throughout the ex-

periment. This indicates that the ex-

perimental toads that rejected the bees

actually had learned to tell the differ-

ence between the two. In the final test.

both the controls and the experi-

mentals were given a last dronefly

mimic, followed b) a final mealworm.

All forty-four toads ate the mealworm.

which indicates that the) accepted in-

Effective mimicry is demonstrated

when the toad also rejects previously

acceptable robberfly, w hich it seems to

confuse with the stinging bumblebee.
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Lack of exter>al ears is one way in

which true seals differ from sea lions

and fur seals. This cow's teeth equip

her admirably to defend her offspring.

Tracking the

G Sealsray
Fishery needs pose management problem

By E. A. Smith

STUDIES OF THE GRAY SEALS that

inhabit British waters have re-

cently been intensified. This follows an

increase in the volume of complaints

made by inshore salmon fishermen

that the animals are causing serious

damage to their fishing gear and muti-

lating the catch. The netsmen assert

that there has been a dramatic increase

in the number of seals, and that the

holes they tear in nets, and the fish

they consume or release, in some cases

result in crippling financial loss. A re-

search program has been embarked

upon by the Nature Conservancy,

which aims to find out as much as pos-

sible about the habits and life-history

of the seals, and to assess their actual

effect upon fisheries. When sufficient

information has been obtained, it may
be possible to draw up a plan of man-

agement of gray seal stocks. This must

be finely balanced to insure both the

future of a valuable member of the

British fauna—which is probably rare

compared with many other seal species

—and of the salmon fishing industry.

One factor that makes the seals im-

portant enough to be the subject of

government-sponsored research has

been their protection by law. In 1904,

the gray seal was described as prob-

ably the least-known British mammal,

although it had always been hunted for

skins, for oil, and for sport. Suddenly,

in 1914, one of the sportsmen, begin-

ning to fear the extinction of the ani-

mal, caused sufficient agitation for

Parliament to pass a law that forbade

killin" the animals in the breeding

Cow STAYS TO SEAWARD while her pup
ventures into water for the first time.





At birth, gray seal pup weighs only about 30 pounds and

is some 30 inches long. Its pelt is dense, silky, and white.

kJfette^

At three weeks, pup has become a rotund 100 pounds, and

will fiercely resist any effort made to weigh, sex, or mark it.

season. It now seems certain, however,

that the bill was based upon scanty and

inaccurate information. Estimates of

500 seals in British waters were quot-

ed, and not until 1928 was a new count

attempted. At that date the stocks were

put at 4.000 to 5,000. Although this

showed that gray seals were in no im-

mediate danger of extermination, and

that probably their breeding habits

afforded considerable natural protec-

tion, a second Protection Act was

passed in 1932. This stipulated a

closed season of four months, begin-

ning on the first of September, but

gave powers to allow for its suspension

by the Ministry of Agriculture and

Fisheries if this should at any time be

thought necessary.

The problem that faced the zoolo-

gists was far from being a straight-

forward ecological exercise. The his-

tory of the populations is shrouded

in mystery, so that any proof or meas-

urement of an increase in numbers is

almost impossible. Furthermore, the

gray seal chooses to come ashore to

breed in the late fall and winter on the

most inaccessible and stormbound of

Britain's offshore islands. But it is

only from direct studies of these breed-

ing colonies that much of the data re-

quired for a life table, and for studying

the range of movement of which the

gray seal is capable, can be obtained.

Through the generous assistance of the

Royal Air Force, a series of low-level

flights has been possible over the prin-

cipal seal islands in Orkney, a group of

60 or so small islands to the northeast

of Scotland. In September we have

seen vast numbers of adult seals, sleek

and fat after four or five months of

feeding, hauled ashore on the more

outlying islets. This assembly increases

daily and is at its height at low water.

Last year a detailed study of the seals'

subsequent behavior was conducted.

In early October, the breeding caves.

beaches, and grassy swards beyond are

invaded by the seals. Generally, the

bulls are the first to arrive to establisli

their territories. Their three-inch la\ ti

of blubber, thrown into folds round

the neck, ripples the length of their

glistening bodies as they lumber out

over the rocks. They are dark brown

ish gray, nine feet long, and weigh u|i

to 800 pounds. They need their n-

serves of fat, for they will not feed f'U-

the four to eight weeks they speml

ashore. This is a period of territorial

fighting and courtship, and each will

mate with up to twelve cows. The co\\ >.

which follow the bulls, have a lighter

pattern of marking, commonly with a

striking black-and-white dappling nn

Dark gray bands over months depict

peak periods of the seasonal activities



the c-liest. The)' are sli;;htl\ shorter

than the bulls, are slimmer about the

head and neck, and weigh up to 500

pouiuls. Their store of blubber allows

them to produce a milk ten times richer

in butterfat than a domestic cow's.

The more aggressive bulls take up

favorable territorial positions along

the beach or astride a gully or stream

that leads inland. Some of the subor-

[linate bulls that arrive later have ter-

ritories either on smaller beaches, in

aves. or inland—sometimes several

hundred yards from the sea. As the

;;ows come ashore, those in the terri-

tories of the bulls farthest from the sea

oass among those of the prime bulls on

:he way. The pups, which were con-

ceived the previous season, are born

ibout two days later. The birth of the

single pup is extremely rapid, as in all

;eals. following a few massive muscu-

lar oontractions, and generally but a

single grunt. For a while, the mother

ignores her offspring more or less com-

pletely ; there is no cleaning of the pup
nor eating of the placenta. After about

half an hour and a few preparatory

snilTs, she rolls on to her side to expose

the two abdominal teats, which are

stimulated to evert by the gentle puni-

meling of the pup's snout. At birth,

the pup is a skinny 30 inches long,

weighing about 30 pounds. It is born

with a dense, silky, white pelt, which

at first is stained with amniotic fluid.

In a few days, it becomes cleansed by

sea spray or rain. At first, suckling

occurs every two hours or so, grad-

ually becoming less frequent and fin-

ally ending when the pup is about three

weeks old and has reached a rotund

100 pounds. Although most photo-

genic at this stage, the pups snap furi-

ousl) when they are handled for weigh-

ing, sexing, and marking purposes.

WHEN' the pup is between three

and four weeks old, its white

coat molts, leaving a shorter, silvery-

blue second coat. Soon afterward the

pup, which has already taken prelimi-

nary dips with the mother, finalU

swims away from the island. Its blub-

ber reserves support it for several

months, during which it gradually

learns to feed— first on Crustacea and

mollusks, and later on fish. A yearling

seal weighs scarcely more than one

that is only four weeks old.

Meanwhile, the cows, which for a

fortnight have repulsed any approach

made by the bulls, begin to allow

courtship advances. The mating that

follows usually takes place on land, but

occasionally in shallow water; copula-

'RASS AND RUSHES are flattened at center of colony where
atfhful cow- suckles her two-week-old pup. White coat will

molt in a few nuire week--. leaMng a -Imrter. silvery-blue

second coat that later will change again into adult pelage.



'^4£.

Lush grass at island's center, as far as birthplace of this pup. Its mother i^

a quarter of a mile from the sea, is in territory of one of less aggressn,*:
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)r otherwise subordinate bulls that was
creed from favored spot at ocean edge.

Dll. Smimi. »Ii(, n-(civc(l lii> ilrcn-r

ill ecology fioni IjOndon I niversity,

li;is been with the Nature Conserv-
ancy for two years, following two years'
work in pathology at the London Zoo
and three years as a R.y\.l''. officer.

tion is passive and generally lasts

about half an hour. Breeding activity

reaches its peak in late October and
falls off completely by early December.

Adults then leave the breeding islands,

shadows of their September selves.

When pupping begins, the research

parties move onto the seal breeding
grounds, usually to live in a tent

equipped with bare essentials and a

radio transmitter. The scientific pro-

gram is based upon the regular census-

ing of the island pups. With joractice,

and because growth and molt during

the first weeks are so rapid, all pups
can be divided on sight into weekly

age groups. Where practicable, all

pups present at the first census are dye-

marked so that, on the next census, the

unmarked—and thus newborn—pups
can be identified. The sex and condi-

tion of each pup is noted. From figures

collected in this way, the mean daily

birth rate can be calculated. On the

single island of North Rona, which is

northwest of Scotland, the highest rate

is about 70 pups born each day. and

the total yearly output is about 2,300.

In Orkney, the total pup production of

some 3,000 is spread over eight small

islands, the most important of which is

about one-half by one-third of a mile

in area. In this small enclave roughly

1,000 pups are born each year.

WITH such numbers involved, sev-

eral factors make it impossible

to arrive at exact figures. The dye-

marking is sometimes impracticable.

About a quarter of the total number of

cows Avill vigorously defend their pups

against human intruders, and it is by

no means prudent to risk a mauling

when isolated on such an island. Vio-

lent storms are frequent during the

breeding period, and these can cause

the death of scores of the pups born

nearest the sea. In Orkney the seal

islands are but a few miles apart, and

movements of even the very young
pups and their mothers from island to

island can be recorded.

The mortality of the pups is studied

—it amounts to 20 to 30 per cent on

the most densely crowded beaches.

The deaths seem usually to have been

caused by starvation following the
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Battles are not infrequent among the

prime bulls as they attempt to maintain

the territories they have established.

During their eight weeks ashore every

bull mates with up to twelve cows, and jl

eats nothing during the entire period.
||

natural hazards that cause mothers to

lose their pups, or through storms.

Also, the most densely crowded islands

rapidly become muddy wallows full of

rotting placentae, excreta, and corpses.

Thus, the many scratches and cuts that

the rapidly developing and otherwise

healthy pups frequently sustain often

lead to a fatal septicemia.

THE ratio of male to female pups

is carefully recorded, and although

there are periods when there is a dis-

tinct bias one way or the other, for the

season as a whole the sexes are pro-

duced in equal numbers. Now that we
have a reliable method of aging seals

by tooth-sectioning, it is also possible

to make studies of the ages and terri-

torial structure of breeding adults.

While enabling great strides to be

made, these studies also tend to em-

phasize gaps of knowledge that we are

trying to fill at present. First of all,

the breeding cows are found to out-
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number the territorial bulls by an aver-

age of about ten to one. What has hap-

pened to all the other bulls, since they

are born in equal numbers? The ques-

tion is further complicated: we find

that the ages of the cows present (their

expectation of life appears to be about

thirty-five years) range from early

maturity—at six or seven years—to

over thirty. On the other hand, the

bulls, which are potentially sexually

mature at six or seven years, appear to

have a life expectation of about twenty-

five years. Yet over 90 per cent of those

present on the breeding grounds are

between ten and fifteen years old. In

Orkney, we have recently been able to

recognize mixed "haul-outs" of seals

during the breeding season, and these

are in places where there is no pup-

ping. They include some immature

cows and others that failed to become
pregnant in the past year, but bulls of

all ages predominate. These bulls in-

clude immature animals, those that

are sexually mature but not socially)'

dominant, and a number of older ani-il

mals that have still to move onto thei|,

breeding beaches or that have left,},

driven from their territories byif;.

younger, stronger bulls.

Another factor that may account for

the smaller number of bulls is that, i,

during the breeding season, they may
spend up to seven or eight weeks on

shore. When they leave the beachei

they are exhausted and thin, often with!

streaming wounds on their necks andj

flanks—a record of their territorial bat

ties. It is thought likely that there isi

consequently a high mortality of bulls

as compared with cows, which would

account for the disparity in numbers

PERHAPS the most interesting gap it

our knowledge, however, concerni

the cows. Mating takes place betweei

the erstwhile nursing cows and thi

territorial bulls on or near the breed

ins beaches. The mature cows wh

(HI



tion of the molt, implaiilatidii f<jll(nv.>-

and the cows embark upon an eight-

month period of gestation and feeding.

The molt in bulls is somewhat later

than it is in cows.

For about six months the seals are

away feeding, and clearly their feeding

habits are most important to the pres-

ent studies. Lnfortunately, they pre-

sent the biggest problems, too. Oppor-
tunities for taking seals in order to

examine stomach contents only arise

when they are hauled out or are seen

to be marauding salmon nets. In the

former case, digestion is so rapid that

the chances of obtaining recognizable

material from the stomachs are small.

In the latter case, if the seal drowns in

a net. it invariably vomits; if it is shot,

the stomach is likely to contain salmon
—a fact that any fisherman could have
told us anyway. However, evidence is

being slowly collected showing that

seals will eat almost any available fish,

including commerciallv important spe-

cies, and certainly they break into

fixed nets to get at salmon and sea

Irciut. To decide whether there is selec-

tive feeding on these species at sea will

require a great deal more investiga-

tion. In winter and early spring, at

least, there is a very high proportion

of cephalopods in the diet.

The most striking feature of stom-

ach analyses is perhaps the 100 per

cent occurrence of large numbers of

nematode worms. These are known to

be adult stages of the codworm. al-

though the intermediate, invertebrate

host is not known. The seals, therefore,

may have a positive economic effect on

fisheries: the market value (and aes-

thetic appeal! I of cod flesh in which
small pink worms are coiled is low.

As this is an investigation into the

relation between seals and fish-

eries, it is important to attempt to re-

late the coastal regions where damage
to fisheries is most acute to the colo-

nies from which the seals come. There-

fore, a system of marking individual

seals is of utmost importance. Several

types of tags on flippers or the tail have

. i.v ARRIVED row. right, awaits the

1 i)f her pup at edge of mud wallow.

lappen nut to ha\e born a pup in the

ame year, together with a larger num-
>er of mature but virgin cows of five

•r six \ ears old '"haul out" away from
he principal breeding beaches. Where
o these animals become mated for the

ollowing year? There must clearly be
great deal of fringe activity, mostly

a the water, of which, unfortunately,

ie know nothing as vet.

In common with many species of

arni\-ore, the gray seal undergoes a

eriod'of delay after fertilization and
•efore the implantation of the blasto-

yst and the beginning of the growth
f the embryo. This delay lasts about
wo months, after which the haul-outs

f seals near the breeding grounds are

een to be composed largely of cows.

n late February and early March, the

ows shed their roughened and faded

oats to re-emerge in a beautiful dap-
ling of black, white, and grav. There
s clearly some endocrine complex ac-

ive at this time for, with the comple-



^ HEN DISTURBED, adult seals hastily make for the water,

pausing occasionally to cast wary eyes at the cause of their

fliflht. Males are a dark, brownish gray, while the females

can be distinguished by black-and-white markings on chest.

been tried with varying success, but

very seldom has a tag lasted more than

about a year and a half— unsatisfac-

tory in an animal maturing at six or

seven, and living twenty or thirty

years. However, tagging has shed a

great deal of light upon first-year

movements. In 1960, for instance, in

five of the main regions. 1.980 pups

have been tagged and 160 recovered.

These have shown that pups move as

far as 600 miles—to Santander in

Spain from Wales, to Iceland from

Rona, or to Norway from Orkney and

the Fame Islands. A more important,

though less spectacular, ]jattern fif

movement of first-year animals in rela-

tion to salmon fisheries is emerging. It

remains important to mark seals per-

manently so that studies can be made

to ascertain movements of adults and

whether they return to breed in their

own places of birth.

Finally, it is very tempting to give

estimates of British or world stocks rif

gray seals, or to postulate an increase

in the numbers in the last half-decade.

To do so with rcasonablf accuracy.
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however, demands that good censuses

of pups are made in all the principal

breeding regions, and that a factor ob-

tained from a life table is used for

estimating total populations of all age

groups. As yet these data are by no

means complete. All that can be said

is that the species is in no apparent

danger of extinction. It is probably

more common than the Atlantic walrus

and less common than the California

sea lion. It exists in three main groups

—in the vicinity of the Gulf of the St.

Lawrence in Canada, in Iceland,

Faeroes. Great Britain, west Norway,

and in the Baltic. There appear to be

minor differences in behavior and

markings among the groups. Great

Britain has about three-fifths of the

world stock around her shores.

TiiKRE are certainly more gray

seals in Great Britain than was

thought twenty years ago. But al-

though there has probably been an

actual increase in numbers, this in-

crease may be somewhat obscured by

an impnAcmcnt in research tech-

niques (in the use of airplanes, for

example ) . It is known, too, that during

the periods when Orkney and Fames
seals appeared to have increased in

numbers, Norwegian stocks dwindled

from many hundreds to a few score.

This was caused by Norwegians hunt-

ing the seals to supply food for fox

farms. Any apparent local increase

must therefore be related to a possible

redeployment within a larger area.

This brief outline of the Nature

Conservancy gray seal research pro-

gram has been written while prepara-

tions are being made for a further

expedition to the breeding islands. It

is possible that this season's studies

may supply some of the missing data

about the life cycles of these animals,

their behavior patterns, and their ecol-

ogy. It is to be expected, however, that

as old questions are answered many
new questions will present themselves.

Seaweed in rock pool fails to hide a

five-week-old, newly molted pup that is

here trying to evade the cameraman.
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SKY REPORTER
Signs of the zodiac seem to be related to ancient solar myths

By SiMONE Daro Gossner

THE ORIGIN of the zodiacal constellations is of the

jiieatest antiquity and dates back at least to early Baby-
en iaii times. The zodiac, on the contrary, is a mathematical

'incept that is not found in any known text prior to about
KH) i;.c: By definition, the zodiac is a belt on the celestial

~plicre extending 8° on either side of the ecliptic, and
f|i\ided arbitrarily into twelve sections for signs), each

wilii a length of exactly 30°. Starting at the vernal equinox

;in(l progressing eastward, the twelve signs of the zodiac

III-: Aries (the Ram). Taurus I the Bull), Gemini (the

Twins), Cancer (the Crab), Leo (the Lion), Virgo (the

\ i I L;in ) , Libra ( the Scales ) , Scorpio ( the Scorpion I , Sagit-

arius (the Archer). Capricornus (the Goat). Aquarius
I (he Water-Bearer ) . and Pisces (the Fishes). These signs

bavf names that are derived from the constellations that

~|ian the sky within the zodiac.

riie zodiacal constellations themselves, although they

folliiw the same order, do not all have the same extent,

riierefore, they could never coincide exactly with the signs,

n fact, the constellation Libra was originallv an extension

)f Scorpio called Chelae (the Claws). Furthermore, the

gradual displacement of the north celestial pole causes a

miesponding displacement of the vernal equinox west-

Aard along the ecliptic (see Natural History. January,

l'Xi2) with the result that the zodiacal constellations shift

diilinuously with respect to the zodiacal signs.

1 he mathematical purpose of the zodiac was to provide

J convenient frame of reference to designate the position of

he sun, moon, and planets. The ecliptic, which bisects it,

represents the apparent annual motion of the sun; the moon
md planets never strav more than a few degrees from the

cliptic and remain almost always within the zodiacal belt,

''or this reason, the ancient astronomers found it convenient

;o express planetary positions in terms of a planet's distance

-counted along the ecliptic—from the beginning of the

lodiacal sign in which it happened to be located. Thus, for

sxample, the position of Jupiter was said to be "Gemini 9°"

ivhen that planet had penetrated 9° inside the sign of

[Jemini. This practice has been abandoned, and modern
istronomers prefer to count ecliptic longitudes from the

/ernal equinox. Since each sign spans 30°, one finds that

emini 9° corresponds to ecliptic longitude 69°.

In ancient astronomy the zodiac was used only in mathe-

matical computations that related to the preparation of

jphemerides, tables of predicted positions. In actual obser-

vations, these positions were measured with respect to

oright stars simply because the subdivisions of the zodiac

have no visible counterpart in the sky. To this day, for ex-

ample, the position of the vernal equinox, or First of Aries,

3an be determined only by indirect means. There is no prac-

Labors of hercl'LES are correlated with the twelve signs of

the zodiac in an eighteenth-century French etching. It is

doubtful that a close correspondence ever actually existed

between the constellations' names and the Hercules myth.

tical use for the signs of the zodiac in modern astronomy.
In ancient lore, zodiacal constellations appear to have

been related to several solar myths. The yearly course of the

sun played an important role in the life of primitive com-
munities. Its progress along the ecliptic was likened to a
life cycle: youth and vigor were associated with spring,

maturity with summer, decline with autumn, and death
with winter. In early Greek communities the king was
sacrificed every year at the winter solstice in a ritual that

was undoubtedly related to this cycle.

The mythological hero Hercules, in jjarlicular. was one
of the solar symbols. His familiar attributes—the club and
the lion's skin—occasionally appear in ancient ornaments
and temple decorations depicting a personified Sun. There
is every reason to believe that the twelve labors of Hercules
are equally symbolic of the sun's "struggle" along the

twelve zodiacal constellations. The handsome etching on the

facing page is an eighteenth-century French attempt to

correlate each of the labors with its zodiacal counterpart.

Such a task is hopeless, unfortunately, because the names
of the constellations and the myth of Hercules have come to

us through two separate oral traditions and. therefore, are

bound to have undergone many alterations: besides, it is

quite doubtful that there was ever a particularly close

correspondence between the two.

ONE of the astronomical phenomena within the zodiacal

region is the faint glow called the zodiacal light. Its

appearance is caused by the presence in the solar system of

countless tiny particles not much larger than grains of sand.

Each of these particles behaves very much like a planet:

each one travels in an orbit around the sun. remains close

to the ecliptic, and reflects sunlight. Of course, the particles

are too small to be seen individually, but their combined
brightness, when viewed under optimum conditions, is

comparable to that of the Milky Way.
A clear black night and an observation site as far as

possible from the haze that hovers over cities are essential

to viewing the zodiacal light. Shortly after evening twilight,

it appears as a pyramidal glow. It is broader near the hori-

zon, where it may be as much as 20° wide, and it tapers to

a point as it stretches along the zodiac. The extent to which

zodiacal light may be traced depends on observing condi-

tions and on the acuity of the observer's vision. The light

follows the diurnal motion of the stars and sets gradually at

the rate of L5° per hour. A similar display occurs in reverse

order before morning twilight.

At intermediate latitudes, such as throughout most of the

United States, zodiacal light is seen best when the zodiac is

nearly perpendicular to the horizon. This condition is ful-

filled following evening twilight near the spring equinox

(March and April) and in the early morning hours near

the autumnal equinox (September and October). In the

Tropics the ecliptic is nearly vertical at all times and

the zodiacal lisht may be observed throughout the year.
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THE SKY IN MARCH
From the Almanac:

New Moon
First Quarter

Full Moon
Last Quarter

March 6. 5:31a.m., EST
March 12, 11 :39 p.m., EST
March 21. 2:56 a.m., EST
March 28, 11:11 p.m., EST

The sun will be at the vernal equinox, and spring will

begin in the Northern Hemisphere, at 9:30 p.m.. Eastern

Standard Time, on March 20.

For the visual observer:

Mercury, at its greatest western elongation on March 3,

will be observable in the early part of the month, although

this elongation will not be a very favorable one. In the

morning sky. the planet will rise an hour and a quarter

before the sun on March 1, and 45 minutes before the sun

on March 15. It will be too close to the sun for observation

at the end of March. It will pass 1° south of Jupiter on

March 13, and 1° south of Mars on March 18.

Venus, in the evening sky I —3.4 magnitude
) , will be

poorly placed for viewing this month. It will set about

30 minutes after the sun on March 1, 45 minutes after the

sun on March 1.5. and one hour after on March 31. By

the end of the month, it may be possible to see the planet

above the western horizon briefly before it sets.

Mars, in the morning sky (+1.4 magnitude), will be

very difficult to see. except possibly for a few minutes

each day in the latter part of March. It will rise 45 minutes

before the sun on March 1 and 15, one hour before on

March 31, and will be very low in the eastern sky at sunrise.

Jupiter (—1.6 magnitude I will be in the morning sky,

rising 45 minutes before sunrise on March 1. one hour

before on March 15. and an hour and a half before on

March 31. The best time to look for Jupiter will be shortly

before dawn in the latter part of the month.

Saturn, in Capricornus ( -fO.9 magnitude
)

, will be visi-

ble during the entire month. Also in the morning sky, it

will rise an hour and a half before the sun on March 1,

two hours before on March 15. and two and a half hours

before the sun rises on March 31. Saturn will be found low

above the southeastern horizon at sunrise.

For binoculars and small telescopes:

The planet Uranus should be found without difficulty

in the evening sky, less than a degree northwest of Regulus,

in the constellation Leo. Although eleven days past opposi-

tion on March 1, it will be still essentially at its closest

distance to the earth for the year (1,615 million miles),

while its magnitude (-f-S.Tl will be approximately at the

limit of naked eye visibility.

Uranus was the first planet to be discovered tele-

scopically (by William Herschel in 17811. By tradition

the right to name it belonged to its discoverer and, in con-

sequence, Herschel called it The Georgian Planet in honor

of his patron. King George III. This choice was frankly

repulsive to the newly independent United States, where

the planet became commonly known as Herschel. Even-

tually the name Uranus was adopted because this seemed

more in keeping with the other ])lanets' names. However,

the British Nautical Almanac continued to tabulate

the positions of "The Georgian" for many years after

the designation Uranus had gained general acceptance

throughout the rest of the astronomical world.

iIh- priMcding page
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Mrs. Cossner offers the third

^iirvry (jf the celestial sphere.
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GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE-UP^.

See the Stars, Moon. Planets Close Up!

3' ASTRONOMICAL REFLECTING TELESCOPE

Photographers I

Terrific Buy* American Made!
OPAQUE PROJECTOR

ig planet Mars, huge

d 3" diameter high-speed
mirror. Telescope comes

nipped with a 60X eyepiece

A a mounted Barlow Lens.
itical Finder Telescope in-

iided. Hardwood, portable
ipod. FREE with Scope:
;iliiat)le STAR CHART plus

27-2-page "HANDBOOK OF HEAVENS" plus "HOW TO
rsE VOUR TELESCOPE" BOOK.
Stock No. 85.050-E S29.95 P ostpaid

41/4" ASTRONOMICAL TELESCOPE UP TO 255 POWER

New Vibration-Free Metal Pedestal Mount

With this scope you can see everything

with greater power. Also, it will split

closer double stars. Mirror has twice the

liKht-gathering power. Rack-and-pinion
focusing, real equatorial mounting -—

le motion needed to follow the

stars! Aluminum tube. 6-po\ver finder

telescope. 2 standard-size eyepieces and
mounted Barlow lens give you powers of

4r-)\- 90x, 135x. 180x and 225x. Low-cost

accessory eyepiece available for higher

powers. FREE with Scope: Valualjle

STAR CHART pins -iT^-page "HAND-
BOOK OF THE HEAVENS" plus the

"HOW TO USE YOUR TELESCOPE." Stlpg. wt.

No. 85.105-E S79.50 f-o.b. Barrington. N. J.

telescope as described above but equipped with

ric Clock Drive.

No. 85.107-E SI09.00 f.o.b. Barrington, N. J.

NEW EDMUND STAR FINDER

With this precision made metal in-

strument, any observer can quickly

liKate and identify any charted visible

star. The view is erect, same size,

same brightness.

Overall size is 8" x 4" wide s TH"
deep. It is designed for use on any

photo tripod or simple mount. (Sug-

yj^ muu..L...B are included). Full directions included.

Stock No. 70,501 -E $9-00 Postpaid

CIRCULAR DIFFRACTION GRATING

JEWELRY 1" DIAMETER

Mi ' ' m ^ Dazzling Rainbow of Color!

m' W/,W \ As a scientific phenomenon, this new
kind of jewelry is capturing atten-

\\ ^ ^ I tion everywhere. Shimmering rain-

LV<.
^ m bows of gem-like color in jewelry of

^\ M exquisite beauty—made with CIRCXT--^ ^ LAR DIFFRACTION GRATING
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colors, so does the Diffraction Grating.

Stock ii:30,349-E— Earrings $2.20 Pstpd.

Stockit30,350-E—Cufl Links S2. 20 Pstpd.

Stock It30.372-E—Pendant $2.20 Pstpd.

Stock ir30,390-E—Tie-Clasp $1.65 Pstpd.

Stock ^40,519-E— Bracelet (Six %" Gratings) $7.70 Pstpd.

BIRDWATCHERS SEE WITHOUT
•w/\

I

BEING SEEN
"(^^7 J The "one-way" mirrors described above have

always been fascinating, but their costs cuti
down their usefulness. Now Edmund Scienti-
fic has duplicated In a sturdy plastic film at

fraction of their cost. Actually, as these
Ims cut down light transmission 70% as

compared to 50% or less for the mirrors,

they are much more useful. For example: you can build a

bird feeding station on the sunny side of your house next

to a window. Fasten a piece of this film to the window and
you'll be able to watch the birds from a few inches away-

Stock No. 70.326-E a sheet 21" x 36" $3.00 Postpaid

AGES-OLD FOSSIL COLLECTIONS
ryr; --^- 1^ Millions of years oldl 3 full selB—
IiUa:' '^^ I ''.<> fantastic plant and animal fossils

^l\ —all for $3.75. EARTH SCIE.NTIST
^i[ SET: Dinosaur bone, crlnold stem,

ijTJ horn coral, worm tubes, petrified
jSr 4 wood, bryozoa stem, lamp shell,
^..«s, scallop, sea urchin, oyster, clam.—-.Jj 'inall foBBll. CARBONIFEROUS

SET: Brachlpod, worm burl, crlnold
_ fufiutine, horn coral, brrozoao, snail and clam.

CRETACEOUS SET: Brachlpod, oyster, sea urchin, pertl-

fied wood, etc. All three sets for one low price!

Struck No. 50.344-E $3.75 Postpaid

fi. fn

[o3"x3^^"
i" s 30" if

projector;

No film or negatives needed,
harts, diagrams, pictures,

ittering in full color or

Operates on 115
nd plug included,

ncluded Approved by Under-
rs labontorif- Inc Size 12" x 8" x 41/-." wide.

Weight 1 lb 2 07 Plastic case with built-in handle.

Stock No. 70.199-E $7.95 Postpaid

NEW . . . PORTABLE ELECTRIC GREENHOUSE

FOR YEAR-ROUND GARDENING MAGIC
Now you can practice gardening

"
as a hobby 12 Months a .vear!

Grow endless varieties of plants
•ity

^h ^^^' _ . Thermostatically controlled
temperature and humidity for

' —
-"^fc.

rnpid germination of seed, root-

1 ^ ins of cuttings, and maximum
growth potential. Size 15" s IS",

ttith st\ro foim base 25 watt heater and thermostat. 2

pohsijrene planter trajs clear styrene lid. 2 sizes avail,

ea mcl I)as of ^nming mejium.

Stock No 70 490 E— Low Irdded model.
7" high $14.95. Pstpd

Stock No. 70.491.E— High-lidded model.
15" high S2I.95 Pstpd.

NOW... BE YOUR OWN WEATHERMAN!

for professional weather
f recTits. Rise and fall of fluid in

Cape Cod Glass show changes in baro-
metric pressure. Also compute wind
speed and direction, measure rain-
fill hgure dew point, read wet-bulb
temperature, etc. Weather manual

-Hu
InUx -ind relative humility. Fully portable. Panels and
pad d„iii„ (f iRiw po \'^t\renc

Stock No 70 488 E— 15 xG'xS'/j" S9.95 Pstpd.

DE LUXE ADVANCED MODEL MARK II

Stock No. 70.489-E— 15" x G" x 1 1'/?" $19.95 Pstpd.

SCIENCE TREASURE CHESTS
For Boys — Girls — Adultsl

ir eiro, prism,

iliffraction grating, and lots of other

items for hundreds of thrilling ex-

periments, plus a Ten-Lens Kit for

microscapes, etc. Full instructions

included.

Stock No. 70.342-E $5.00 Postpaid

DeLux e Chest Stock No. 70.343-E $10.00 Postpaid

LIFE SIZE VISIBLE HUMAN HEAD
Precise, full color, take-apart model

Study the most complex organ easily, inei- ^
pensively. Ideal for student, hobbyist, profea- -f-mbM^
sional. You will be amazed at the detail. J^
Molded from actual human skull. Eyes. ears. ^-IP
and teeth easily removed and disassembled for " -

complete study. Entire brain, spinal cord and
[

"''*?.

organs of mouth and throat presented in vivid y/£i
detail. .\mazin<;lv low price—conforms to rigid [

laboratory standanls. IR-page fully illustrated

medical han<lbook included.
Stock No. 70.447-E $9.95 Postpaid

OTHER VISIBLE TAKE-APART MODELS
Stock No. 70.470-E Heart $3 00 Pstpd,
Stock No. 70.228-E Man $4.98 Pstpd.
Stock No. 70.283-E Wom ..$4.98 Pstpd.

BUILD A SOLAR ENERGY FURNACE
fascinaiing new field. Build your own Solar

iirnace for experimentation—many practical
;es. Easy! Inexpensive! Use scrap-wood! We
irnish instructions. This sun powered furnace
ill generate terrific heat—2000° to 3000°.
I to metal. Sets paper aflame in seconds. Use

el Lens— 14" diameter . . . f.l. 14°.
70,130-E. Fresnel Lens $6.00 Postpaid

r.'sncl Lens. F.L. 10"
70,533-E $4.75 Postpaid

Exciting New Low-Cost MOON MODEL

An Outer-Space

Conversation Piece
Exact replica in relief, with '-Hi

formations for study—pealis,

he 2-million-squaic-ii
of Storms, etc. Format

aled to size. Distance relal

hips held

titutions. With proper U-^i

"black light" produces spei

effects! Made of tough, washable plastic in three
can lie marked without damage. Reverse side is hliink 3

provide room for present and future space data. Wi)tiderg|

gift for amateur astronomers and space enthusiast:
ing conversation piece for living room or den. 12

WAR SURPLUS ELECTRIC GENERATOR
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strations. Generates up
volts by turning cranlt.

high impedance relays. Chari

ground and bring up nighl

crawlers for bait or si

alone worth original price. Wt.

Stock No. 50.365-E $9.95 Postpai^

New! 2 in 1 Combination! Pocket-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

Useful Telescope and Microscope comhin
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lent night glass — the size rec-
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THE MUSTARD PLANTS
Staple foods and nuisance weeds can be found in crucifer family

By E. Laurence Palmer

THE TYPICAL MUSTARD FLOWER is COmpOSed of a

calyx of four equal sepals that are shed early; a

corolla of four equal petals, so arranged as to resemble

a cross; six stamens, of which two are much shorter than

their companions; and a pistil that develops into a

special sort of fruit known as a silique. The variations

in this fruiting body form the basis for recognition of

many of the "tribes" of family; important, too, are posi-

tions of the embryos in the seeds of various species.

The mustard plants commonly, if not universally,

possess a strong and somewhat bitter taste that varies

considerably with the treatment given the plant tissues.

Water added to the crushed seeds induces changes with

which many of the particular uses of mustards are iden-

tified. The concentration of significant properties in

particular parts of mustard plants is common, but this

is not a characteristic unique to the mustards.

As the chart accompanying this insert will show, pol-

lination in the mustards is not uniform. Some plants

require cross-pollination and develop in such a way
that this method of reproduction is effected. Others are

self-pollinating, and thus exhibit different structures

and development patterns. Whatever the mode of pol-

lination may be, there always seems to be an abundance
of fertile seeds to start a new generation. The seeds are

usually completely filled by the embryo, there being

no free endosperm such as is found in many other types

of seeds. The food for the next generation is commonly
stored in the seed's two cotyledons, which usually con-

stitute the major portion of the embryo.

The seed coats of the mustards vary considerably.

Some are mucilaginous, and quickly take up available

moisture at a time when prompt germination may spell

success or failure. This sometimes makes it possible for

mustard plants to begin growth sooner than neighboring

plants, which are thus deprived of needed water; sub-

sequent rapid growth also provides excessive shade that

may be fatal to competing plants. The mucilaginous

coats of some mustard seeds may play a part in their

distribution. For example, if a weed top containing

sticky seeds is brushed by an animal with wet hair or

hide, the seeds may adhere to the animal, only to drop

off later far from the site of the parent plant. Some
mustard seeds are so small that they may be carried

by the wind like dust, although they may lack the wings

often characteristic of wind-disseminated seeds. Most

mustard seeds are hardy when exposed to desiccation

and extremes of temperature, and it has been shown

that the seeds of ordinary shepherd's purse may remain;

buried in the soil for as long as twenty-five years, onlyi

to germinate promptly when suitable conditions occur.!

Many of the most successful mustard species have

seeds that mature at the same time as the seeds of com-

mercially valuable crops. The mustard seeds are har-

vested with the crop seeds, unwittingly cared for byi

man, and then sowed in well-prepared soil to compete—

I

often too successfully—with plants of the commercial

crop. Fortunately, most mustard seeds are considerably

smaller than those of many of the commercial plants,

and can be sifted out with relative ease.



BY any interpretation of the word "food," we find

that the mustards are of considerable importance.
This is true whether we view them as food for wildlife,

forage for bees, food plants for man during emergencies,
or cultivated as food both for men and beasts.

One important government publication, devoted to

the wildlife uses of the mustards, lists a dozen birds
and ten mammals that make substantial use of the
plants as foods at various tmies. The list includes mule
deer and white-tailed deer, antelope, cottontail rabbits,

Townsend's ground squirrels, pocket mice, black-tailed

and white-tailed prairie dogs, and three kinds of kan-
garoo rats. Probably this list does not include all the

mammals that find sustenance in the mustards.
The same reference indicates that mustards in one

form or another, provide food for Canada geese, ring-

necked pheasants, mourning doves, both Grinnell's

scaled quail and valley quail, and such songbirds as the

rosy finch, house finch, Lawrence's goldfinch, California
house finch, horned lark, and the pygmy nuthatch. Other
writers have reported that ruffed grouse may feed on
white mustard and peppergrass, and a few writers in-

clude some of the mustards among the food of ducks.
A year after some 50,000 Boy Scouts held a jamboree

at Colorado Springs, Colorado, I visited their vacant
campsite and was impressed by the dominance of pep-
pergrass on the thoroughly trodden site. In the almost
pure stands of these plants could be found the droppings
of mice, rabbits, antelopes, and other mammals, show-
ing that these creatures had been feeding on the plant,

despite the fact that it has never been considered es-

pecially palatable even for such animals.

In his Manual of Aquatic Plants, N.C. Fassett com-
ments on the importance of water cress—a crucifer—as

a food for ducks, muskrats, deer, and smaller forms
of animal life. He points out that this plant is often

avaOable in fresh form throughout the winter, when
other plants are not. He refers particularly to the value
of water cress as an indirect source of food for brook
trout, which feed on fresh-water shrimps and water sow
bugs that in turn prosper in tangles of water cress.

In his comprehensive book entitled American Honey
Plants, Frank C. Pellett pays homage to the mustards
as important sources of the nectar used by bees to

produce honey. Pellett says that mustard honey is light

in color and has a mild flavor, and that wherever mus-
tard plants are abundant they can be expected to add
substantially to the output of the apiary. He quotes

another authority to the eSect that mustard affords a

larger amount of valuable pasturage to the acre for bees
than almost any other plant. We also learn from Pellett,

however, that mustard may attract bees away from fruit

trees, presumably affecting the "set" of orchard fruits

that depend upon bee activity to assure pollination. He
cites the apple country of the Willamette Valley of north-

western Oregon as an example. Pellett suggests that,

while white mustard is dependable as a source of com-
mercial honey, black mustard may be fickle, sometimes
forming the basis for tons of honey and at other tunes

yielding only an abundance of pollen, which is a food
for bees but not a honey source. He suggests that there

ue some fifty species of mustards, most of which are

isely related to the cultivated cabbage, turnip, and
Shepherd's purse



rutabaga, providing important bases for the production

of honey, which is, of course, commercially valuable.

ACONSIDERABLE Hterature has been developed deal-

ing with the uses of wild plants as food for man
during emergencies that might limit the production of

the more familiar commercial plant species. Included

among these would surely be a few of the mustards,

which have nutritive value, whatever their flavor. I have

eaten some as relishes ever since the day my mother first

showed them to me in my grandfather's woods. Knowl-

edge of such survival plants can always be helpful.

Two excellent books on edible wild plants—one by

OUver P. Medsger and the other by M. L. Fernald

and A. C. Kinsey—list and describe some thirty-six

species of plants that are members of the Family Cru-

ciferae. These include ten species of mustard of the

genus Brassica; six species of peppergrass of the genus

Lepidium; six species of crinkleroot of the genus Den-
taria; three species of scurvy grass of the genus Coch-
learia; and one species each of eleven other genera. Best-

known of these are shepherd's purse, penny cress, sea

rocket, water cress, winter cress and spring cress, some
of which are figured and described in the accompanying
chart section of this insert. Horseradish is also found

in the list; its leaves are used by some people as greens,

and its roots are popular as a fiery condiment.

The reputation of the crucifers as food plants for

both man and beast center, for the most part, about

members of the genus Brassica. Eleven of the eighteen

species that were selected to represent the family in

this educational insert belong to that genus. Four of the

eleven are varieties of the species Brassica oleracea,

including cabbage, kale, cauliflower, broccoli, and

Brussels sprouts. The remaining seven species of Bras-

sica that are of major food value are white mustard,

field mustard, black mustard, rape, rutabaga, kohlrabi,

and turnip. All of these will probably be familiar to

the well informed, and they are illustrated and discussed

in some detail in our chart section. Liberty Hyde Bailey's

Manual of Cultivated Plants recognizes thirty-four spe-

cies and varieties of Brassica that have been deemed
of sufficient value to man to have been cultivated by

him, presumably for food. There are undoubtedly many
more valuable strains that have been developed to meet

the specific needs of various soils, lengths of growing

season, food value, market appeal, keeping quality,

disease and insect resistance, and so forth.

IT is difficult to fix a monetary value on the various

agricultural crops. In a number of recent almanacs,

some pages are devoted to the dollar values of agricul-

tural products, and on none of these pages is the cash

value of cruciferous crops estimated. It would seem to

follow, therefore, that the Cruciferae are of minor im-

portance as compared with wheat, cotton, oats, apples,

flax, potatoes, tobacco, peas, sugar, peaches, citrus

fruits, and even strawberries and cranberries. Never-

theless, a farmer who produces superior cabbages near

a sauerkraut factory may be better rewarded in raising

crucifers than in raising wheat.

Many of the crucifers are of considerable specific

food value. The cabbage, for example, is rich in vita-

mins and sulphur. It is true that it contains about 91

per cent water; but it also contains sugar, starch, con-

siderable protein, and valuable lime salts. (Sauerkraut

is essentially silage for human use, and consists of

cabbage fermented with salt in its own juices. Lactic

acid bacteria acting on the sugar in the cabbage produce

the acid that causes the sour taste.)

One must not overlook the role of the crucifers in

providing forage for domestic animals. Properly man-

aged, crucifer crops reduce the amount of human labor

necessary in providing food for animals important to

farm economy. Usually this means growing food at a

time of year when other suitable foods are not available

to pigs, sheep, and cattle. Some of the cultivated cruci-

fers are well suited to this purpose.

As might be expected, the crucifers have entered

both the folklore and the literature of the past. In 1597,
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a British herbal written by John Gerarde quotes Pliny

as saying that "whosoever taketh the seed of Rocket
before he be whipt, shall be so hardened, that he shall

easily indure the paines."

The physician Galen forbade the eating of lettuce

without rocket, or of rocket without either purslane or

lettuce. Another physician recommended the eating of

rocket seed as a cure for the bites "of shrew-mice and
other venomous beasts." In the eighteenth century a

Mrs. Clements of Durham, England, is credited with

inventing a method of making mustard flour similar to

wheat flour, thereby realizing a fortune. For years, sea-

faring men made use of scurvy grass, a mustard, in the

battle against scurvy. Interestingly enough, most of the

early scurvy grass recipes advocated mixing the grass

with citrus juices. The latter, of course, are now re-

cognized as scurvy preventives by themselves.

WE have dealt in part with the food value of the

"cross-bearers'"; it must also be recognized that

some of these plants are considered poisonous. W. C.

Muenscher's Poisonous Plants of the United States lists

nine species of crucifers that at certain times and under

certain conditions may be considered poisonous. Poison-

ing is usually the result of using the oils produced from
mixing the ground seeds of the plants with water.

Muenscher points out that apparently all of the plants

in the group considered poisonous may be eaten in the

young stages without danger, but that a precautionary

measure is to treat the seeds with boiling water.

We have all heard of the use of mustard as a "mus-

tard plaster" to generate heat and to produce a reputed

healing action. Heat generation, as suggested in the

chart section, is due to the action of water on the meal

ground from mustard seeds.

One of the rather remarkable products of the seeds

of some of our mustards is an oil that is used as a

lubricant. The seeds of white mustard, when ground and
treated with water, produce an oil used both in medi-
cine and as a condiment; the same oil can be used as a
lubricant or as an illuminant. The seeds of black mus-
tard produce a similar oil, but one that is more virulent;

it may produce a volatile sulphur that on direct contact
can blister the skin and be dangerous to the eyes, nose,

or the mucous membrane of the mouth. This oil is used
in soapmaking, as a flavoring, and as a scent. Black
mustard mixed with warm water is also used as an
emetic. Ordinary, commercially ground mustard is

usually a combination of meal made from the seeds of

both black and white mustard.

Summer school students are often enthusiastic about
the countryside around my Cornell University home.
They comment on the beauty of the fields of white, red,

and yellow, not realizing, perhaps, that these colors are

those of weeds, rather than of useful crops. The white
is probably the bloom of the ox-eye daisy, which has
little if any value, although the young leaves have a

pleasant taste. The red-orange color is often Indian
paintbrush, which has taken over a field too poor to

support commercial crops. The yellow is ahnost certain-

ly one of the mustards, which, like most of its relatives,

is a successful opportunist, taking over territory not
already occupied by other plants.

THERE are at least two admirable books on weeds.

The Manual of Weeds, by A. E. Georgia, devotes

twenty-four of its 558 pages to members of the Cruci-

ferae, covering twenty-four species. W. C. Muenscher's
Weeds devotes thirty-three pages to a consideration of

thirty-six members of the Family Cruciferae, in a book
slightly larger than the Georgia work. Since neither book
includes any discussion of the economic crucifers, re-

presentatives of the genus Brassica are not as prominent

as they are in the discussion on these pages.

Some people say that many plant species are con-

sidered weeds because they have seeds or fruits that are

Black mustard



provided with parachutes, permitting distribution by

the wind. Mustards lack any such parachute devices, and

yet their seeds are carried by the wind like fine sand.

Some say that many plants are weeds because they are

perennials, and once established, they remain. Most of

our crucifers are relatively short-lived; or, at least, many
of the weed cmcifers live less than a year.

I once made a careful study of the seeds of plants

commonly reported as impurities in commercial seed.

Only twenty-five of the 356 species reported as seed

impurities were members of the mustard family. This

would suggest that in competition with members of other

plant families the mustards are not highly successful.

However, it is not the number of species that determines

success, but the ability of plants to take over territory

and to hold it. Mustards are able to spread quickly,

but as a general rule they eventually are ousted by

competitors. They are not usually able to establish the

sods that are so effective in helping the grasses crowd

out other plant species. Squirrels bury the nuts of nut-

bearing trees, and do not ordinarily make caches of

mustard seeds; yet when a walnut seedling becomes

estabhshed, the chances are it will outlast its contem-

porary mustards. This brings us to the conclusion that

the crucifers are successful weeds because they are

among the "opportunists" of the plant world; they move
in fast, produce an enormous number of hardy seeds,

then allow competition to move in.

IT is not surprising that plants that produce flowers

as beautiful as those of most wild mustards should

also be expected to produce some popular garden

flowers. It might be apropos to list a few such crucifers,

although this quality was not deemed to be of particular

importance in selecting species for the chart section.

Any good garden catalogue should offer a half-dozen

kinds of candytuft listed under the genus Iberis. Moon-
wort of the genus Litnaria is often found in gardens, and

is most attractive after the seeds have been shed, leaving

only the partition that divided the fruit. This latter ap-

pears as a small, round moon.

If you do not think that crucifers are worth consi-

deration as garden flowers, try to find a professionally

planned flower garden without at least one border of

sweet alyssum. Certainly a garden without a patch of

rocket, Hesperis, would be most unusual. Rocket usual-

ly takes care of itself once it is established, and is often

found around abandoned houses.

Stocks are mustards that often survive the critical

judgment of the commercial florist, yet they also are

to be found where the home gardener makes the deci-

sions. Wallflowers of the genus Cheiranthus are relative-

ly common in mixed borders. Their flowers are fragrant

and richly velvety, in colors that range from cream to

yellow, red, mahogany, plum, and bronze. Mixed with

day lily, white stock, and campanula, wallflowers may
make a satisfactory flower garden by themselves—one

that may be maintained with relatively little effort on
the part of the gardener. Wallflowers seem favored in

western gardens for spring blooming in the coastal area

known as the "fog belt"; but they are not limited in

popularity to this particular region.

The crucifers are surely worth studying for their value

to man, their beauty, and their versatility as food crop.





DESCRIPTION RANGE AND RELATIONSHIP

Shepherd's Purse
Capsella bursa pastoris

Slender, tough stems, smooth or slight-

ly hairy, to 2 feet in height. Basal
leaves to 5 inches long, forming ro-

sette; lance-shaped, toothed, or cleft.

Small stem leaves without petioles,

often with clasping bases. Roots have
a deeply penetrating rootstalk.

Naturalized from Europe, now widely
established throughout the world.
Common weed in United States, found
in lawns, gardens, roadsides, and
wasteplaces—especially in soil that may
be too poor to support other plant life.

Highly variable in leaf form. As many
as 63 forms have been recognized.

Poor-Man's-Pepper, Peppergrass

Lepidium virginicum

Six to 15 inches high. Slender stems
openly branched, with laterals long,

slender, upward-curving. Basal leaves,

tapering to form petioles, have a few
small lateral divisions. Stem leaves

small, lance-shaped, incised or en-

tire. Flowers and fruits crowded on
branches. Roots penetrating.

A common weed, native to American
continent, naturalized in Europe and
elsewhere. The species is found from
Newfoundland to South Dakota, and
south to Florida and Texas. Also in

West Indies. Between 65 and 70 spe-

cies, mostly annuals, have been dif-

ferentiated; genus has wide distribution.

Radish
Raphanus sativus

Smooth, coarse, erect, many-branched
stem, to 3 feet high. The basal leaves,

usually with abundant stiff hairs, to

8 inches in length, with large terminal
lobe and smaller lobes near base. Stout
mature pedicels. Taproot is thin at top.

then is greatly swollen, and finally

becomes tough and slender.

Of doubtful origin, but introduced
from Europe into New World; now
widely established throughout world.
Once prized by ancient Greeks and
pharaohs, it is today a popular cul-

tivated garden plant—and an unpopular
escape. Not ruggedly persistent, yet is

common in old fields and gardens.

White Mustard
Brassica hirta

Rather stout, sparsely hairy stem, 1

to 2 feet tall, although may even
grow to 6 feet. Lower leaves to 8

inches in length, with large terminal
lobe and usually paired lobes diminish-

ing in size toward base. Upper leaves

shorter, with margins less lobed and
slightly toothed. Roots relatively deep.

Native of Europe and western Asia,
but now widely spread throughout
world by accidental or intentional in-

troductions. Although essentially a

temperate land plant, it is not com-
mon in Southern Hemisphere. Estab-
lished in fields and waste places. Some-
times considered Sinapis species.

Field Mustabd
Brassica kaber

Stems to 3 feet high, with rather
coarse, spreading branches. Plant bris-

tles with stiff, slightly sticky hairs.

Leaves are ovate in shape; the lower
ones are sometimes slightly lobed, but
more often toothed; upper leaves be-

come progressively smaller, coarsely

toothed. Leaves have short stems.

Naturalized from Eurasia, and now
widely distributed as a common, con-
spicuous weed. Particularly coarse and
vexatious, it is estabUshed in fields,

gardens, and waste places. Closely
related to other species, it is some-
times considered a Sinapis species.

Black Mustard
Brassica nigra

Rather coarse stems, simple or branch-
ing, usually smooth above, with stiff

hairs below. May grow to 5 feet high.

Leaves petioled; lower are commonly
lobed, with terminal lobe most conspi-

cuous. Two to 4 smaller lateral lobes.

Upper leaves toothed, with clasping
petioles. Roots penetrating, not fleshy.

Naturalized from Eurasia, it is now cul-

tivated extensively throughout Asian,
European, and American continents.

Has become established as a weed in

fields and waste places, and it is gener-
ally cultivated for its value as the prin-

cipal source of common table mustard.

Rape, Colza
Brassica napus

Height to 4 feet, branching, with leaves

to over 1 foot long and half as wide,
nearly smooth, though sometimes with
bristly hairs sparsely placed. Lower
leaves lobed and contracted at base
into winged petiole; bases of upper
leaves clasp stem. Root slender, rather
long. Stem somewhat purple at base.

Introduced from Eurasia, the annual
type is grown for seed in Europe and
Asia, while the biennial is commonly
grown in America for forage and, in

both Europe and America, for human
consumption. Dwarf species most com-
mon. Persistent after cultivation, occur-
ring as an escape in waste ground.

Rutabaga
Brassica napobrassica

Crown leaves are like those of rape;
lower leaves are smaller. Leaves are
smooth, with margins cut halfway to

the midrib. It is much like a turnip,

but with more elongated root, denser
flesh, and with tubers tapering down-
ward from lower half or third. Flesh
is usually yellow, but sometimes white.

Commonly grown as a field crop in

most temperate zones. Introduced from
Europe. In Canada and England,
known as "Swedish turnip" or "turnip-

rooted cabbage." In northern United
States, grown commonly as fall crop,
but occasionally for spring pasturage.
Is rarely long-persistent.

Cabbage
Brassica oleracea var. capitala

Head formed by inner leaves may be
to over 1 foot across. Leaves are nearly
circular and may also be to 1 foot in

width. Outer leaves are coarse, green,

and fairly flat; inner are paler, tender,

and bunch to form compact head. Sev-
eral head shapes, as well as color and
seasonal differences, are recognized.

Introduced from Europe, where it

grows wild on the chalky seacoasts of '

England, Denmark, Greece, and north- '

western France. Introduced into cul-

tivation in European gardens in ninth
century A.D., but existence known
hundreds of years earlier. Favors cool,

moist climates and sandy loams.
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White flowers to 1/12 inch long, borne
at tip of alternating, upward-curving
flower stems. Shortest and youngest
are at tip of stalk. Fruit like slightly

bloated triangular purse—Latin name
Capsella is diminutive of cupsci. box-
attached at one corner. Two cells each
bear about 12 seeds. Self-pollinated.

Found blooming inconspicuously from
early spring through to snows of late
fall or winter, when rosettes are most
apparent. Can survive drought, freez-
ing, and flooding. One plant may pro-
duce over 2,000 seeds, most of which
are eaten by small birds, even in win-
ter when only tops are above snow.

Plant mildly resistant to 2-4-D, but
a strong concentration will certainly
kill it. It also yields to iron sulphate
and copper sulphate, and to competi-
tion from other plant life. May be
eaten as inferior salad green, either
raw in sandwiches or boiled; young,
tender plants said to be excellent.

n

d

i

n

e-

f-

.

Small white flowers to 1/12 inch
across are carried on short stems that

crowd along the flowering stalks. Pet-
als present in earlier, but not in later,

flowers. Two stamens about the same
length as petals. Seed pods cluster

about flowering stems. Fruit is short,

flat, and round, with notch at tip.

Flowers from May through November,
and may have small rosettes in winter.
Being self-pollinated, it has high sur-
vival quality; well able to withstand
flood or drought. Abundant seeds pro-
vide food for small birds. A common
weed in dry or moist soil, along road-
sides, in fields, or in waste places.

Can be killed by usual weed killers;

also yields when soil is placed under
cultivation by man. Used to some ex-
tent as a salad plant, but is inferior
to so many others of equal abundance
that it is not cultivated. The seed pods
are pungent, peppery, and edible.

il

w

J,

il

1-

iif

li

Petals are from pink to pale-purple to
white, and usually dark-veined. Fruit
to 3 inches long, lance-shaped or ob-
long, spongy in texture. Seeds are
brownish spheres, which germinate
quickly. May develop roots to harvest
in 3 weeks. As flowering top develops,
roots lose stored food.

Flowers in summer. To get succulent,
crisp roots for eating raw, it is best to
force growth by cultivating in relative-
ly warm, early soil, although the mag-
gots of flies and aphids may become
troublesome for roots. Its taproot may
draw water from depths to 18 inches.

May be grown between rows of more
rapidly growing crops, thus increasing
land yield. Usually planted at inter-

vals of several days to assure constant
harvest. Radishes for winter use may
be planted in late summer and stored
in cellar in sand until used. Leaves may
affect sensitive skin adversely.
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Yellow flowers with petals to V2 inch
long, borne on stout stems at the tips

of branches that extend upward. Fruits
are round in cross section, with an
erect beak nearly half the total length.

There is a fine constriction around
relatively few yellow-brown seeds.

Flowers from June through August.
Originally cultivated for seeds, which
contain a mucilage, a glucoside (sinal-

bin) and proteins. Seeds have an oil

content of only 26—30 per cent com-
pared to 30—40 per cent of black mus-
tard. Not as important source of table
mustard as black mustard.

Seeds should be sown over rich soil in

early March. Seedlings develop quick-
ly and may be gathered for use when
about 1 inch high. Mixed with cress
it makes a tasty salad. Seeds ground
and mixed with water yield non-vola-
tile oil used in mustard plaster, as
lubricant, illuminant, or irritant.
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Flowers light or bright yellow, about
V2 inch in width; borne in clusters at

tips of branches, with younger ones
nearest ends. Fruits to 2/3 inch long,
smooth or somewhat hairy; terminal
beak about half as long as body. Dark-
brown seeds are in pods that contract.

May appear in flower from May to
September. Common in grain fields,

where it gives unwelcome competition
to the more desirable plants. Its hairy
surface, though, makes it possible to
use special sprays that will stick to the
mustard plant and not bother others.

Most effective attack is hand-pulling.

First control of field mustard is to
be sure it is not present in other seed
that is sown. If planted, fields of grain
may be harrowed when mustard is

only a few inches high and sun is hot
enough to kill injured weed before it

can recover. Non-edible, and of no
economic importance.
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Yellow flowers, to V-i inch in width, in

bright, open clusters crowned by un-
opened buds. Fruits, with conelike
tips, are to 1 inch long, 4-sided, point-
ing upward, and are closely appressed
to stem. Seeds are brown on outside,
yellow within. The exact method of
pollination remains in question.

Flowers from June through October.
Oil content of seeds is 30-40 per cent
more than that of white mustard seeds.

Of an approximate 7,000 tons of mus-
tard seed oil produced annually in U.S.,
about 78 per cent comes from Mon-
tana; with rest largely from California,

Washington, Oregon, New Jersey.

Leaves may be used for greens. Gluco-
side from ground seeds yields volatile
oil that gives flavor to familiar table
rnustard. Also used in making of medi-
cines, soaps, in preparing sardines,
pickles, and salad dressings. Chemical
content of oil in seeds can bhster skin
and injure eye and nose membranes.
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Light-yellow flowers, to % inch across,
on slender, spreading stems. Fruit to
4 inches long, with slender beak. In
cooler zones, seed may be sown by
mid-June, but fall sowing is best in

southern climate. Seeds are brown. It

is considered to be self-pollinated.

When broadcast, 4 pounds of seed re-

quired per acre; when drilled in 2-foot
rows, only 2 pounds needed. Often
sown with grain when grain is about 2
inches high, and with corn at last cul-

tivation. One acre can yield to 50 tons
of grain feed; 10 tons is average.

Rape is grown in Europe, and to small
extent in United States, for making a
lubricating oil. (America has imported
as much as 15,000 tons of this oil in
one year.) One good acre can support
12 sheep or 24 hogs for a month. Salt
should be added to rape fed to cattle.

in

on:

andi^

nip-;

ilid

}'&

Flowers resemble those of cabbage,
but are borne on stouter, spreading
stems. Beak of fruit is neither long nor
slender; is usually under % inch long.
Whole fruit of rutabaga is short and
compact. Flowers apparently not self-

pollinating. Seeds can survive 20-30
days of freezing temperatures.

Seeds planted in deep, fertile loam at

midsummer produce fall crop. In
southern zones, niay be sown from
July through September. Seeds do best

in rows 18 inches apart, then thinned
to 6 inches apart to allow for root
development. Will withstand slight

freeze, but not a hard freeze.

Excellent source of food for man.
Yields well to management and may
be stored safely in cool cellar. Con-
tains such nutrients as niacin, ribo-
flavin, thiamine, proteins, and several
elements. Rutabagas are also grown
for feeding various types of livestock.
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Whitish-yellow flowers in long clusters,
sometimes produced only after expo-
sure to low temperatures. Plants not
so chilled known to produce 3 heads
a year for 2 years, the plants yielding
flowers and seeds at slower normal
growth rate when removed to cooler
temperatures. Self-pollinating.

In northern United States, seeds may
be sown in hotbeds in January, thinned
to 2 inches apart, then moved to fields.

For later crop, seed is sown 6 to 8

weeks before transplanting. One pound
of seed sown in greenhouse provides
seedlings for 4 acres. Seed should be
"hardened" against low temperatures.

Probably most important of all species
of the genus Brassica. Grown in mar-
ket and home gardens throughout the
United States, with winter production
increasing in South. Shrinkage varies
from 7-27 per cent with temperature,
ventilation, and time. May be eaten
raw or cooked; popular in many dishes.
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Kale
Brassica oleracea, var. acephala

Giant kales may grow to 9 feet, but
most are much lower. Leaf variation
is great; some have frilled margins,
some have cut or almost smooth edges.
Leaves may be thick, but do not form
compact heads. Color usually deep
blue-green, presumably like plant from
which cultivated forms developed.

Introduced into United States, but still

found wild on cliffs of southeastern
England. Grown widely in suitable cli-

mates. Modern varieties include those
known as Siberian kale and Scotch
kale, along with those differentiated
by height and leaf shape, such as tree

kales, curled kales, and collards.

Cauliflower, Broccoli
Brassica oleracea, var. botrytis

Stout, short stock bearing a dense, de-
pressed, spherical head grown over by
coarse, rather thick, conspicuously
veined, strongly ascending leaves.

Broccoli heads are smaller, the leaves
are larger, and the whole plant green-
er than is typical cauliflower. The
plant has a substantial root system.

The centers of cauliflower cultivation

are on Long Island and in California.

Broccoli is preferred in France and
England. Asparagus broccoli, or
sprouting broccoli, differs from regular
variety in not producing a head: it

is a special variety, italica.

Brussels Sprouts
Brassica oleracea, var. gemmifera

Erect and unbranched stem may grow
to 5 feet high; usually only to 3 feet.

Leaves form crown at top, with upper-
most leaves smaller than those below.
Leaves about as long as they are broad;
some are lobed at base. Small heads
grow to about 1 inch in diameter,
borne in axils of leaves along stalk.

Merely a variety of species to which
cabbage belongs, as its scientific name
implies. It is not cultivated in United
States to the extent it is in some other
parts of the world, but has become
increasingly popular here. Main centers

of cultivation are on Long Island and
various localities on the West Coast.

Kohlrabi
Brassica oleracea, var. gongyloides

Leaves to 10 inches long, relatively few
lobes; 1/3 is petiole and rest is blade.

Conspicuous owing to swollen tuber
appearing aboveground as sphere 4
inches or more in diameter, with leaves
scattered at top. Deep taproot from
beneath tuber; fibrous roots at bottom.

In America, kohlrabi is popular field

and garden plant grown for stock con-
sumption; in Europe it is popular as

food for humans. Sometimes consider-
ed a variety of cabbage, but is easily

distinguished by tuberous stem and
small-bladed leaves.

Turnip
Brassica rapa

Grass-green leaves, to 20 inches long.

In first year they cluster at top of
root; in second year they grow along
stem that may reach to 3 feet in height.

Basal leaves narrow and softly prickly.

Rootstock forms a flat tuber, white-

fleshed, often colored aboveground.

Of unknown origin, but grows wild in

Russia and may have originated there.

Spread throughout Europe; was intro-

duced into Mexico in 1586 by Spanish;
introduced in Virginia in 1609. Close-
ly resembles B. campestris in foliage,

flowers, fruits, and growing habits.

Tumbling Mustard
Sisymbrium altissimiim

Erect, thin stem, up to 5 feet, fuzzy,

pale-green. Loosely branched; tips turn

upward and branches are stiffer toward
base, making for springiness that al-

lows plant to "tumble" when dry.

Leaves petioled, parted into segments,
vary in shape from linear and entire

to lancelike and notched.

Native of Eurasia; was probably in-

troduced into United States accidental-

ly. Now established independently
along roadsides, fields, and waste
places. A common weed on North
American continent; most troublesome
in Northwest and on Pacific coast.

Water Cress

Nasturtium officinale

Grows partly submerged in shallow
fresh water, usually over soft, muddy
areas. Stems are weak and are often

tangled into a mass with the leaves.

Leaves of 3 to 9 segments, with the ter-

minal ones larger and more rotund
than the lateral. Develops many roots.

A native of Eurasia, it has been intro-

duced throughout many parts of the

world. It is now thoroughly and widely
established in southern Canada and
throughout the United States. Most I

common in springs, spring-fed streams, '

and in clear, quiet water. May submit
to some degree of cultivation.

Horseradish, Raifort
Armoracia rusticana

Erect stems to 4 feet high, coarse in

appearance, branching into slender

flower-bearing branches. Leaves at base

are long-petioled, to 15 inches long,

with thick midrib. Upper leaves small-

er, without petioles, with or without
toothed margins. All leaves translu-

cent green. Coarse, deep taproot.

Native of southeastern Europe and
western Asia; has been introduced into

United States and Canada. May be cul-

tivated as field crop; occurs as garden 1

escape, especially in deep ditches and
moist waste areas. Sometimes a per- 1

nicious weed. Does not do well in sand
j

or clay; potash fertilizers aid growth. .1

Winter Cress

Barbarea vulgaris

Smooth, erect stems, to 2 feet high.

Somewhat branched at top. Large tufts

of smooth, shining basal leaves on
thick petioles to 1 foot long, with

crinkled edges or variously modified
along margins. Upper leaves narrow,
without petioles, with or without tooth-

ed margins. Root a solid, deep taproot.

A native of Europe, introduced to be-

come widely established as common
weed in meadows, gardens, and waste i

places. Now found from Labrador to

Pacific and south to Virginia and i

Middle West, but areas not necessarily
|

continuous. Thrives best in damp soil. 1

Closely related to scurvy grass, B. venia.
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Flowers essentially like those of cab-
bage and other close relatives. Seeds
commonly of high purity and high
germination quality. Clean cultivation

is necessary for superior crops. Seeds
may be broadcast or sown in drills to

18 inches apart; seedlings are thinned;
thinnings are sold for home use.

Some varieties can resist drought and
extreme temperatures. Frost, in fact,

lends to improve flavor. Will draw
water from soil to depth of 21 inches.
Kale will grow in almost any type of
soil, but fertilization is recommended,
using either 20 tons of manure or
1,500 pounds of fertilizer per acre.

More generally grown in other coun-
tries than in United States. A winter
crop in southern states; late fall crop
in North. In England, stout stems of
tree kales are used as canes or as raf-

ters. Other kales are grown as kitchen
kales or cow kales for indicated uses.

Flowers are borne crowded on short,

thick pedicels; undeveloped flowers
abound. It is not considered a self-

pollinating plant. Cauliflower seed is

grown in Europe; it is highly sensitive

to climatic conditions. Edible parts are
really thick, short stalks of undevelop-
ed flowers and supporting bracts.

Optimum temperature is 60 - 70°F.,
with any considerable variation caus-
ing unwanted leaf development and
lack of development of edible flower-
ing portion. Best soil is rich loam that
holds moisture; sand is undesirable.
Plants should be started in time to
mature 4 months before killing frost.

For early crop, plants are started un-
der glass and set out after frost dan-
ger is past and when moisture, tem-
perature, and other conditions are fa-

vorable. Cheesecloth covers are used
to keep away destructive cabbage mag-
got fly. Considered to be more delicate
and easier to digest than cabbage.

Closely crowded flower clusters or
fruits form buds along stalk; leaves
are cut off as plant develops and heads
crowd densely along stalk. Seeds are

sown in late spring or early summer
and transplanted to permanent bed
when seedlings are about 6 inches tall.

In mild climates, plants may continue
to yield well into winter, but where
severe weather sets in, plants are lifted

whole with clinging soil and set in

cool cellar to continue some produc-
tion. Brussels sprouts are cool-area
plants, but more delicate than cabbage.

Market not so strong in America as for
more generally liked or more easily
produced relatives, such as cabbage or
turnips. Considered a particular deli-

cacy by many, though. All larger, out-
er leaves are removed, and only com-
pact little heads are cooked and eaten.

Flowers are much like those of the

cabbage, but the beak on the fruiting

pod is usually conspicuously short.

Plants may be started in open or in hot-

beds. Slow growth, due to seasonal con-
ditions, tends to produce a tough, tu-

berous, relatively unpalatable plant.

Naturally a cool-weather plant that re-

quires a rich, deep, well-drained loam
and a good water supply. Early, quick-
maturing varieties are preferred for
table use and later forms are used for

stock feeding. Phosphate fertilizer of-
ten used with desirable results.

Much hand labor is necessary, particu-
larly at start, in order to produce a
good crop for human consumption.
Plants usually sold in markets in

bunches and with leaves left on; tubers
should be peeled and diced before
cooking. Economic value in America
determined by its demand as fodder.

Yellow flowers, under Vz inch long;
when closely crowded, open flowers
top those not yet opened. Fruits about
2 inches long, with slender beak at free

end. Seeds are small spheres; they ger-

minate quickly and should be sown di-

rectly where plants are to mature.

Plants do not thrive in hot weather.
Raised in North as early season or
summer crop and in South as winter
crop. Seedlings are thinned, and thin-

nings are sold as greens. Experiments
show that seeds sown in drills yield far

more than those sown broadcast.

Popular in home gardens, turnips make
excellent crop because they grow well
with little attention, store easily, and
have good food value. Young turnips
are bunched and sold for home con-
sumption; mature ones are often stored
and may be used as stock fodder.

Pale-yellow flowers, about V^ inch
across, borne on short stems along
branches. Ascending or spreading fruits

develop into slender, straw-colored,
slightly diverging pods that break into

two sections, freeing the brown seeds
that are usually flattened on one side.

Flowers in June and July. Most con-
spicuous in late summer or in winter,

when tops protrude above snow. If

tops are left to mature, plant may
break from root system and tumble
across fields or snowbanks, dropping
seeds and piling up along fence rows.

Cultivation of fields is usually suf-
ficiently disturbing to keep weed from
becoming overserious pest, but care
should be taken to see that fruits are
not allowed to mature, as plant's "tum-
bling" quickly spreads seeds. Seeds of
some mustards are used as flavoring.

White flowers, to 1/6 inch across, are
borne in rather open clusters at end
of short stem tips. Petals are twice
as long as the sepals. Slender fruits

are to 1 inch long, spreading or curving
upward. Seeds are arranged in 2 rows
in fruit tips. Self-pollinating.

As plants are usually found in clear
spring water, water cress may seem to

be safe for use as food; but water may
be contaminated, so unless sure of
source, cress should be disinfected with
wash such as chlorazene. Fresh-water
shrimps and water sow bugs frequently
thrive among the growing plants.

Freshly collected water cress is con-
sidered a delicacy as a salad or sand-
wich green, but its general sale through
markets is rather limited because it is

highly perishable. It should not be
confused with water hemlock, which
may grow in same places and slightly
resembles it, but is highly poisonous.

White flowers, to I / 3 inch across, borne
at stem tips in fairly open clusters.

Petals twice the length of sepals.

Fruits, to over 1 inch long, oblong to
globular pods with short beaks, spread-
ing or curving upward on stems. Seeds
arranged in two rows. Propagation is

by deeply planted root cuttings.

Flowers conspicuously from May
through July. Roots are best dug in

spring or autumn, as summer roots are

commonly bitter. Roots dug in autumn
for cultivation are planted in spring in

deep, well-fertilized furrows. May be
grown with cabbage, as two plants

have similarly controlled enemies.

Has minor economic value in making
well-known condiment that has been
especially popular among Europeans.
Stored roots deteriorate rapidly, so
they should be ground soon after dig-
ging. Condiment made by adding vine-
gar, sugar or mustard to grated root.

Bright-yellow flowers, to 1/3 inch
across, borne in elongated clusters at

ends of relatively stout stems. Fruits
spreading or upward-reaching, about
1 inch long, roughly 4-angled, about
6 times length of supporting stems.
Not self-pollinated effectively.

Grows best during warm periods in

winter, when leaves may protrude
above snow's surface. Can be eaten in

early December, when young stems
and leaves are tender and about as bit-

ter as dandelion greens. Plants appear
as bright green rosettes in early spring.

Leaves rather bitter, have never be-
come popular as food, but are eaten as
a potherb. After harvesting leaves, they
should be washed thoroughly, boiled
in salted water. Cooking helps to kill

bitterness; plants should be eaten im-
mediately after cooking.



nature IN THE SCHOOL

TEACHERS WHO WISH to coQibine work in natural

history and geography will find the members of the

Family Cruciferae most helpful. The chart section of

this insert contains references to the geographic origin

of a few common mustards. If teacher or student wishes

to follow this up, we suggest that a copy of L. H. Bailey's

Manual of Cultivated Plants, which should be in every

school library, will prove most helpful. With that refer-

ence text and a list of some of the crucifers to be found

locally in gardens, groceries, flower shops, and other

places, it will become apparent that the world has been

combed for these plants, which serve us in so many ways.

In the main text of this article we have suggested that

the simplest way to recognize a crucifer is to remember

that the flowers resemble a cross, made by the placement

of the four usually equal and often conspicuous petals.

Mistakes may be made in applying this suggestion, but

at least it provides us with a point of departure. Remem-
ber that the four petals are not crosslike themselves,

but are arranged so that they collectively resemble a

cross. Also remember that mustards have six stamens.

It is true that this general rule is not always accurate.

True, the petals always number four, and they are the

most conspicuous parts of crucifer flowers; but there

may also be four sepals around the corolla; or as is often

the case, there may appear to be no sepals whatever,

since in many crucifers they drop off early in the grow-

ing season. In other crucifer flowers it may superficially

appear that there are but four stamens. This is because

two of the six stamens are often shorter and less conspi-

cuous than the other four.

The relative length of the stamens and the central

pistil are well worth examining. Here are a few im-

portant questions to bear in mind. If there are four long

and two short stamens, is either group longer, shorter,

or equal to the pistil in length? If the pistil is longer

than the short stamens, are the flowers either fragrant

or brilliantly colored? If the short stamens are shorter

than the pistils, how does pollen get from them to the

pistU to effect pollination? If they cannot effect pol-

lination, of what use may they be?

If the pistils and stamens are equal in length, or if

the pistil is equal in length to some of the stamens, try

to find out if the pistils and the stamens mature at the

same time. If they do, self-pollination could be effected

through the ripe stamen touching the ripe pistil. If

desired, teacher or student can undoubtedly find an

example of this action in some local mustards.

It would be well to observe the frequency with which

mustard flowers are visited by honeybees. Would it

seem that there is a relationship between the abundance

of nectar-bearing mustard flowers and the size of the

honey crop? Honey derived from mustard flowers con-

tains no trace of "mustard" taste; crucifer nectar is

usually of fine, light color and has a mild flavor. You
may conclude from your observations of mustard flow-

ers and honeybee activity that, while the farmer may
tell you that a field of mustard is a total loss to him, the

beekeeper may feel quite differently.

Mustards grow wild in a great variety of habitats,

and their seeds may be collected quite easily. If you
are able to identify the seed with reasonable accuracy

—

since flowers and fruits may often be found on one
plant—make a small collection of the seeds of the local

mustards. If this is not convenient, make a collection

of those sold in a seed store. It should include the seeds

of radish, cabbage, and a number of the other crucifers

listed in the chart section. Take a strip of adhesive tape

about three inches long. Bend back the tape-ends and
fasten the tape to a card or sheet of paper, leaving a

sticky area exposed. On this sprinkle some seeds of

mustards procured in the field, garden, or seed store.

The seeds will stick to the tape, and you can then write

the appropriate name beneath them. What likenesses

and what differences do you notice in the size, color,

and shape of the different seeds? Place a piece of wet

blotting paper in a Petri dish or a covered, flat glass

dish. On the damp paper plant little rows of seeds of

the different mustards. For comparative purposes, aisc

plant a few rows of seeds of several other kinds ol

plants. Leave them on the moist paper for a few days,

and notice if the mustard seeds germinate faster.

MIX a few seeds of peppergrass with some clovei

seeds. Dampen your finger and touch the seeds.

Do the seeds of peppergrass cling more quickly, firmly,

and closely to your finger than the clover Seeds? Whicl

of the seeds do you imagine would be the first to take

advantage of a little moisture if they were planted ir

a relatively dry field, and which would be likely to stari

earlier than the others? The answers to these question;

may give you some reasons why mustards do so wel

in competition with other plants.

If you have a small collection of different kinds o:

mustard seeds, crush a few of them separately. Wasl
your hands thoroughly, and while they are still wet

put some of the crushed seeds between your fingers

Then close your hand. Try particularly to get some seed;

of both black and white mustard for this experiment

and rub crushed seeds of these plants on your we
fingers. Do you note any sensations stemming from tht

contact of the crushed seeds with your wet fingers? Doe:

the same thing happen with all the mustards with whicl

you can experiment? The results of this experiment ma;

be temporarily disturbing, but will not be serious be

cause the concoction can be washed off quickly.

Taste a few leaves of a number of members of thi

Family Cruciferae, and of leaves of common plants yoi

know to be safe. Try lettuce as a check species, since it i

bland and not a crucifer. Try cabbage and radish also

to see if they are more like each other than like lettuce

You may be surprised to notice how, after a while, yojj

can actually recognize the crucifer taste.

If you have a bird-feeding station, tack some pap^

cups to a board. Now cut the cups down until they makj

shallow trays about one-half inch deep. Fill the tray,

with different kinds of seeds, including sunflower, wheal

^

buckwheat, and so on, and then put the seeds of a fe\|

different kinds of mustards in several other trays. Birds

preferences in seeds are highly instructive.



Only the head of the ant lion, camouflaged against the "horns" are really the animal's curved jaws, each bearing

sand, is exposed as it awaits its prey. The vicious-looking three teeth and many hairs. Fine antennae show above jaws.

Pit-digging Predator
Ant lion exhibits special techniques for gathering food

By Jerome G. Rozen, Jr. and Barbara L. Rozen

0'NE OF THE STRANGEST combina-

tions of characteristics in all the

ninial kingdom can be found in a crea-

ure that digs with its head, "drinks'

Is prey through strawlike niouthparts,

Ives partly buried at the bottom of a

onical pit that serves as a trap for its

rey, and walks only backward. Com-
aonly termed "ant lion" or "doodle-

in this country, it is the larval

tage of any member of the neuropter-

us family Myrmeleontidae.
3iii

The name ant lion aptly implies

that these larvae often prey upon ants.

Although ants constitute a consider-

able part of their diet under most cir-

cumstances, they will seize and eat

almost any small arthropod—insects,

spiders, isopods. or myriapods. Fur-

ther, there is little reason to suppose

that thev could not survive on a diet

that was entirely devoid of ants.

Perhaps the most striking feature of

the larva is the novel method by which

it secures food. The ant lion digs a

steep-sided, funnel-shaped pit in loose,

dry earth or sand, and at the bottom

buries itself except for its head. There
it waits motionless, with jaws open and
the head almost invisible against the

background, until an ant or another

small arthropod approaches. When the

quarry wanders too close to the pit's

rim. the sand yields beneath its feet

and it slides and tumbles toward the

outstretched mouthparts of the ant lion.
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This ant lion is 7 mm. long from end of body to tip of

jaws. Large spots on the body are sclerites. Its slender

front and middle legs apparently are used to pile sand on

the animal's head from underneath while it is pit-digging,

The prey's descent is hastened and

usually insured by the ant lion's action

of rapidly pelting the victim with sand.

It quickly scoops sand on its head and

jaws and snaps the head upward,

thereby catapulting the grains with

considerable force. If the grains do

not hit the arthropod, the digging

undermines it so that, in either case,

both sand and prey slip farther down
the pit sides. The ant lion stops toss-

ing sand only when it has its victim

securely clutched between its tonglike

mouthparts or if the game escapes.

RARELY, on first try, does the ant

lion clasp its prey so that the tips

of its strong jaws pierce the body wall.

Either the predator repeatedly throws

the victim against the side of the pit

until the proper hold is attained or the

arthropod is momentarily released,

only to be dashed with more flying

san<l and then recaptured. Once pin-
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ioned, the struggling prize may be

partly or completely pulled under the

sand and held there until paralyzed.

The sand-flipping accounts for the

other common name of the ant lion.

Although the person who coined the

term doodlebug is unknown, he must

have been a young child at the time,

for who but a youngster would have

discovered that if he placed his mouth
close to one of the pits and chanted

"doodle-doodle-doodle," the pit inhab-

itant would start tossing sand? The

slight amount of breath released dur-

ing chanting is sufficient to dislodge a

few grains of sand from the pit wall.

When they strike the ant lion, a shower

of sand erupts from the pit. This ex-

periment suggests that the act of sand-

throwing to capture prey is a response

to a tactile stimulus and not to a visual

one, even though the eyes of ant lions

are well developed.

The jaws of the ant lion appear as

simple, elongate, curved structures,

each beset with three large, inwardly

directed teeth and numerous hairs,

However, they are basically more

complex. Each consists of a long man
dible deeply grooved for the entire

length of the undersurface. Into this

groove fits the long, slender maxilla,

the upper surface of which is flat

tened. Because of this flattening and

the deep groove in the mandible, a

slender channel is formed. This all

important channel has two functions,

First, it injects one or more glandulai

secretions into the prey. These secre

tions completely paralyze the victiii

within several minutes and ther

rapidly digest its tissues, reducing

them to liquid. The liquefied content!

are sucked through the narrow chan

nel into the digestive tract of the an

lion. Then the momentarily satiates

predator flips the hollow carcass of it

victim over the rim of the pit.



THKRK has been considerable dis-

agreement in the past as to how

the ant lion first constructs its pit. One

school of thought holds that the larva

remains stationary and hurls the sand

backward to one side or the other with

its head and jaws. In order to pile the

sand on its head and jaws, the larva

closes its mouthparts so that the tips

meet. Then the head and mandibles

are shoveled sideways into the sand.

The sand is then forcibly thrown, just

as when the larva tries to knock its

prey into the completed pit. The other

school has observed that the larva be-

gins pit excavation by making a cir-

cular groove in the sand. The groove

is produced when the larva walks

backward, with a jerking motion, just

beneath the surface. Each time it

stops, the ant lion flips away the sand

that has fallen on head and mouth-

parts, tossing it outward from the

center of the future pit. The larva in-

creases the depth and width of the

groove by making several such circu-

lar trips, and each circuit tends to have

a shorter diameter than the previous

one. The ant lion may then reverse its

direction by cutting across the circle,

thereby flattening the center "island."

The spiraling downward continues un-

til the pit is complete.

The controversy over how the pit-

falls are constructed may have resulted

from different species or from differ-

ent stages—called "instars"'— being ob-

served. However, our observations on

one species suggest that the larger

larvae use both methods; that is. a

spiral pit is excavated and. once

roughed out, its sides are steepened

*=*«

and smoothed and its apex is deepened

I)y the stationary larva shoveling from

the bottom of the cone.

Apparently the front and middle

legs assist in piling the sand onto the

head from beneath the body, and the

tip of the abdomen is flefinitely em-
ployed in nudging the ant lion down-

ward and iiackward. Ilnwever. the legs

are primarily responsible for the back-

ward thrust during digging, although

just how they are emplojed remains

unknown. Both the front and middle

pair are slender. The middle ones are

by far the longer and project out from

the body. By contrast, the hind legs

are much more robust than are the

other two pairs, and are normally held

partly flexed and directed backward

beneath the body. In addition, they

differ from the others in that the tarsal

and tibial segments are fused, forming

a single structure. The position and

anatomy of the hind legs suggest they

must provide the primary force for

the retrogradient motion of the larva.

During pit construction, what hap-

pens when the ant lion encounters

stones or similar objects too heavy to

throw from the pit? C. H. Turner per-

formed a simple experiment to find

out. and described it as follows:

"When the stone is placed in the

center of the ring, as the ant lion bur-

rows spirally inward, there is sure to

come a time when the stone will fall

into the furrow. When the ant lion

returns to that point it encounters the

obstacle. Usually it burrows under the

object and continues on part of the

way around the circle. Then, turning,

it backs through the furrow thus made

,

W^S^'^^T;

until il has inserted the ti|) of its abdri-

nien under the impediment. It then

backs slowly up the slope with the

burden poised upon the tip of its abdo-

men. The edges of the abdominal

somites and the small bristles thereon

prevent the stone from slipping for-

ward, while the dirt on each side pre-

vents it from falling sidewise.

Throughout this entire upward jour-

ney the whole body of the ant lion is

above the ground. It is an astonishing

sight to see the insect backing in al-

most a straight line, up the steep slope,

with the burden poised on its back.

When the burden has been disposed

of. usually at the edge of the pit. the

ant lion turns about and returns to

the bottom of the pit. usually in the

furrow made by the upward struggle,

and continues her digging."

ALTiioLCH the ant lions most often

.seen are those that construct pits,

it should be borne in mind that only a

small percentage of the species in the

family possess this behavior charac-

teristic. In the L nited States, members

of the genera Hesperoleon and Myr-

meleon are the primary, if not the

only, pit-makers and the larvae of at

least the latter cannot walk forward.

Species in other genera may merely

conceal themselves under loose sand,

stones, or detritus, and wait for poten-

tial prey to happen by. This habit

would seem to be a more primitive

means of predation. as compared with

the pit-making of the other two genera,

and it is interesting to note that these

non-pit-making forms can crawl both

forward and backward. One species ia

:r:: - .^^ *^

y^^^^^^^^-i

Funnel-shaped pits have steep sides, and are invariably

lonstrueted in loose, dry, sheltered soil. Approaching prey

slips over pit rim, and ant lion, hidden at the bottom, pelts

sand upward, hitting or further undermining sliding quarry.
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Ant slides downward to waiting jaws

of predator, which hastens capture by

India is peculiar in that it lives on tree

trunks and its body is neither covered

nor in any way concealed.

THE pit-making ant lions are re-

stricted to very special environ-

mental conditions. First, the soil must

be loose and dry. and second, the pits

must not be endangered by excessive

rainfall. Thus, in the United States, ant

lions are most prevalent in the South-

west. But as dry, sandy conditions

are an important requisite for most

Myrmeleontidae, non-pit - making
species are also most commonly
found there. However, these condi-

tions are widely, if locally, found out-

side the Southwest, and consequently

ant lions are rather broadly dispersed

throughout the United States and all

warm continents of the world. Pit-

making forms may be found in great

numbers pocking the ground beneath

almost any overhang where the soil is

dry and loose. Favorite overhangs are

eaves of houses, projecting cliffs (both

large and small
)

, cave entrances, and

even under leaning trees.

In describing the life history of one

pit-building Mymieleon, Bruce H.

Kennedy, an Ohio State University

student, states that the egg is an elon-

gate, whitish spheroid, peculiar both

because its surface is sticky and be-

cause it possesses two micropylar

openings, one on each end. Insect eggs

additional sand-pelting or by moving
ant into a proper position for seizure.

generally have a single micropyle—the

minute hole in the egg shell through

which the spermatozoa pass at the time

of fertilization. The egg is deposited

below the surface of the sand and im-

mediately becomes encrusted with

sand. At hatching time, the shell splits

along a circular line of weakness, so

that a cap is formed containing one of

the micropylar pores. The young larva

crawls from the egg and within 24

hours constructs a small pit, propor-

tionate in size to the insect.

The duration of the larval stage

most certainly depends upon the abun-

dance of prey. Kennedy reports that

a life cycle must take at least one year,

and other authors believe some species

take two to three years to mature

under an optimum of food abundance.

Under less favorable circumstances,

the cycle can be prolonged to a con-

siderable extent, for larvae are able

to survive in spite of long periods of

starvation. Kennedy has kept larvae

alive without feeding for approxi-

mately 120 days, and another observer

records starvation periods of up to

240 days. As with most other Neurop-

tera, there are three larval instars.

Dr. Rozen is Chairman and Associate
Curator of The American Museum's
Department of Entomology, and Mrs.
Rozen, also an entomologist, often

assists her husband in his studies.
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Pinioned ant, not yet pierced by ja

tips, struggles to escape. These tij

Toward the end of each of the fin

two stages, the larva abandons its p
and scuttles beneath the sand for si

to ten days. At some time during th

phase it casts its old integument an

enters the next stage. It then construe

a new pit and begins feeding again.

Before pupation, the ant lion spii

a spherical, silken cocoon beneath tl

surface of the soil. Whereas the sii

in caterpillars is a modified salivai

secretion and consequently is spii

from the head region, in the Myrm
leontidae and other Neuroptera tl

silk is produced by the Malpighis

tubules. These tubules are the prima)

excretory organs of insects, and

Neuroptera exhibit this specialized a

tivity only before pupation. Since tl

tubes open into the posterior part

the alimentary canal, the silk extrud

through the anal opening, which
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tntain a paralyzing secretion that the

It lion will inject into the victim.

und at the tip of the very slender,

lescoping, terminal body segment.

16 silk, produced as a liquid, hardens

most immediately upon being ex-

sed to air. Sand adheres to the outer

u J'er of the cocoon where the sand

ains touched the still-liquid silk.

)wever, the other layers of fine silk

:sh are completely clean and white,

d the lumen of the cocoon never

ntains sand. The unanswered mys-
•y of the cocoon is: how is the larva

le to spin the cocoon in the sand

thout incorporating sand in the

3e? Once the cocoon is completed,

; last larval skin is shed and the

5am-colored pupa is exposed.

HE pupal stage lasts less than a

month, during which time the

br of the adult gradually appears

d muscular co-ordination increases.

Secretions will digest victim's tissues, into digestive tract of ant lion, below.

turning them to a liquid that is sucked Afterward, carcass is tossed from pit.

^J^^'/^J
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Sand-edged cocoon here is cut away
to reveal pupa, in which eye and part

As with all insects with pupae, this is

a non-feeding stage, but the pupa of

the ant lion differs from those of such

common insects as butterflies, moths,

and beetles. The pupae of the latter

are unable to use their mouthparts

and legs, and the adults crawl from

their cocoons. However, in the Myr-

meleontidae, the pupa cuts a hole in

the cocoon with its sharp-bladed

mandibles and crawls part way out,

using its legs. The pupal skin then

splits and the adult squeezes out and

works its way through the remaining

SO

of body are taking on color. At upper
left of cavity is crumpled, discarded

layers of sand. Once on the surface,

the adult climbs a prominent object

and waits until the crumpled wings

and soft body fully expand and harden.

While hardening, the adult discharges

the entire waste accumulation of its

larval and pupal stages.

THE appearance of the adult is a

far cry from the squat, small-

eyed, wingless larva. With its delicate,

long wings, slender abdomen, and glob-

ular eyes, the mild-mannered adult

closely, though superficially, resembles

larval skin. At right is adult insecl

emerged from cocoon and hardening

a damselfly. However, the conspicuou

antennae and pointed wings of the an

lion adult readily distinguish it.

Although their behavior is not a

bizarre as that of the larvae, the adultf™

are in many ways less well knowr
This is primarily because they are no(

turnal or at best crepuscular. Furthe)

the adults are strongly phototropi^

There is little chance of observin

them mate, oviposit, and feed undc

an artificial light, because their no:

mal behavior is disturbed when the

are attracted to the light. Howeve



le European species was reported

eding on small insects and fruit, and
would not be surprising if they also

ed upon honeydew, as do certain

her Neuroptera. Their flight is sur-

isingly feeble, to the extent that one

Dnders how an individual would be

le to elude a predator. Probably the

insparent wings and dust-gray body
ford protection in the form of cam-
iflage. In any event, a sufficient num-
r of adults survive to mate and lay

gs, which in turn give rise to the next

neration of dwellers in the sand.



Qart Hadasht
Carthage: Keystone of the Phoenician West
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Ilustrations by Hans Guggenheim

DELENDA EST Carthago ! An old

man's obstinacy and bitterness

and the heat of a sharp rivalry have

left their mark in history with these

abrupt )et haunting words that few

Latin students have forgotten and no

student of classical history can ignore.

The name Carthage, however, evokes

more than Cato's repetitious advice to

his fellow citizens and memories of

Hannibal's great march. Even those

not exposed to Flaubert's flamboyant

historical fresco, Salammbo, still find

in Carthage an aura of fascination and

mystery. For, despite Flaubert and

Cato. few peoples of classical times are

as little-known as those energetic and

hardy navigators who sailed from

their proud North African capital to

roam the western Mediterranean and

the Atlantic Ocean. Yet the role the

Carthaginians played in the evolution

of Western civilization is by no means
insignificant, and scholars and arch-

eologists have contributed increasing-

ly to the field of Punic studies since the

latter nineteenth century. In the past

fifty years, the excavations on the site

of Carthage by the Mission Archeolo-

gique Francaise in Tunisia, the Soci-

ete des Peres Blancs de Carthage, and

the Institut d'Archeologie Tunisienne

have helped to solve several historical

problems and have raised others that

await fuller study.

Ancient tradition ascribes the foun-

dation of Carthage—on the North Af-

rican coast near modern Tunis—to a

group immigration from the Phoeni-

cian city of Tyre. Phoenicia, in an-

cient geographical terms, included a

number of semi-independent and inde-

pendent cities—including Tyre, Sidon,

and Byblos—and villages along the
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During second periplus, led by Hanno, group encountered
band of "gorillas" on an island and gave chase. Males fled

to high ground, their agility impressing pursuers. Incidei

may have occurred in Cameroons area of today's Gold CoasI

coast of modern Syria and Lebanon.

Although in principle politically inde-

pendent of one another, these centers

were closely connected, for they had
origins, language, and civilization in

common. From the beginning of the

second millennium B.C., the Phoeni-

cians—and more specifically the

Tyrians — became the mariners and
tradesmen par excellence of antiquity.

In their transactions, they succeeded

in establishing a number of Mediter-

ranean emporiums and colony-like set-

tlements that assured them a virtual

monopoly in the maritime trade of a

number of commodities, not least

among them such metals as tin, cop-

per, and gold. These trading centers

stretched to the confines of the world

known at that time.

In the vicinity of Gibraltar, the

Phoenicians founded Gades (the mod-
ern Cadiz I and Lixus: about 1200
B.C. they established themselves in

Tunisia at Utica, and soon after at

Hadrumetum ( the modern Sousse) ; in

western Sicily, in Sardinia, in the

Balearic Islands, and in Malta. These
various regions, with their supplies of

metal and other raw materials, came
under the economic dominion and
supervision of the Phoenician cities

along the Levant coast. In the late
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ninth century B.C., ancient sources re-

late, internal dissension in the city of

Tyre led to the emigration of some ele-

ments of its population in search of a

new homeland. The emigrants named
their site in North Africa "Qart Ha-

dasht," or "New City," our Carthage.

THE early phases of the history of

the New City are obscure and the

archeological evidence is scanty. How-
ever, it seems safe to assume that a

close relationship was soon re-estab-

lished between Carthage and Tyre, the

emigrants acquiring enough prestige

in the western half of the Mediterra-

nean to become the protectors and lead-

ers of Phoenician commerce and settle-

ments in the area. As Greek coloniza-

tion in the West extended (and it is

well to remember that the Greeks pop-

ulated a hundred thriving cities scat-

tered about the Mediterranean while

the Romans were still a small, rude

tribe under Etruscan suzerainty
)

, Car-

thage assumed a militant, if not bel-

ligerent, role. The New City sent sol-

diers, arms, and fighting ships to her

western Mediterranean brethren to

guarantee and protect her own inter-

ests as well as the commercial rights

and positions of the other Punic settle-

ments. In short, Carthage became the

banner carrier of Tyre and the mothe

city for Phoenicians in this part c

the ancient world.

Carthage reached the heights of hi

power between 535 and 450 B.C. und(

the able guidance of a prominei

nobleman, Mago, and his descen(

ants. Not only did the city become tl

capital of a vast sea and land dominie

in North Africa and in the westei

Mediterranean, but also, through tl

efforts of the Magonids, she manage

to check Greek expansion in that an
by establishing alongside her empo
iums a number of military stronghoh J

that assured the continuation of Ca }

thaginian economic pre-eminence

During the following century, tl

prosperity of Carthage in no wise c

minished. In fact, in the early pa

of the fourth century B.C., Carthag

nian maritime supremacy manifest!

itself through two great periploi—H

word is a Greek one, meaning a

ing round," and refers to circui

navigations of an exploratory cha

acter—of which we find echoes in tl

Greek writers. One periplus W
achieved by a certain Himilco, wl

sailed northward and ventured,

would seem, far out into the Atlantif*'

This voyage may even have hit Cor

wall and possibly Ireland: it certain *'

il



mched Brittany and northwestern

ranee in search of new sources of tin

id lead. The second periplus. often

died that "of Hanno" after its orig-

lator, is known to us through frag-

ents of a Greek version of the Punic

xt that related its achievements. It

ems to have been accompanied by

me immigration and to have led its

irticipants at least as far southwest

Senegal, if not farther down along

,e Atlantic coast of Africa.

ANNO, who undertook his peri-

plus ca. 450 B.C., was a great ad-

iral of the Carthaginian fleet, a

andson of Hamilcar. and a member
Carthage's ruling Magonid family,

tails of his voyage were supposedly

corded in bronze and placed in the

nple of Baal Hammon in Carthage,

e Greek account of this periplus,

lich Pliny the Elder characterized

fantastic' has been preserved in

5 form of the Heidelberg manuscript.

When discussing Hanno's voyage

;e map. ri^ht I . it is well to bear in

nd two reasons for the mammoth
dertaking: the reinforcement of

lier Punic colonies in Morocco and

lunger for gold. Both motives lend

fcdence to the theory that the Car-

iginians permitted only a deliber-

ately falsified accnunt cif llicii- cxplnil

lo leave the country. Colorful dislor-

lion (if the expedition's log and trans-

jjosilion of some geographic locatiims

would amaze the non-Punic world with

the audacity of the Carthaginian ex-

ploit while pre\enting others from fol-

lowing in the (Carthaginians' wake.

Among the ad\entures told in the

chronicle of the periplus is the follow-

ing: "There was an island, similar

to the first, containing a lake, inside

of which was another island full of

savages. There were more women than

men, with their bodies covered with

hair, and the interpreters called them

Gorillas. We followed the males with-

out being able to catch any because

they were good climbers and defended

themselves bv escaping to the heights."

Although the magnitude of Hanno's

feat — believed to have involved an

estimated sixty ships and 30.000 per-

sons—is beyond dispute, many pas-

sages in ihe story of the |)(.'riplus ein-

jjhasize a comment made b\ Pierre

Cintas. of the Mission Archeologique

Francaise in Tunisia. M. Cintas ends a

summary of his discussion of the peri-

plus by saying that, aside from the few

hard facts that could be dug from the

text, ihe document remains "a matter

f(jr poets, not for scholars."

THE third century B.C. witnessed

the birth of a rivalry that was
to be Carthage's undoing. The New
City of North Africa and the steadily

growing city-state of Rome had ig-

nored each other for some time, occu-

pied as each was with furthering her

own interests. The Roman conquest of

southern Italy, her ambitions regard-

ing Sicily, across the narrow Strait (jf

Messina, and the Romans frequent

unscrupulousness eventually sparked

a series of conflicts known as the Punic

Wars. The first of these ended with

I
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Commercial harbor at Carthage is depicted in panoramic

reconstruction. In the background is the choma, a partlj

Carthage's loss of western Sicily, de-

spite the successes of her able com-
mander Hamilcar Barca. Internal diffi-

culties — including the revolt of the

mercenaries who comprised most of

the Carthaginian armed forces—led

Hamilcar in the postwar period to es-

tablish Carthage's power on more solid

bases in Spain.

The Second Punic War erupted

there. It was a conflict that saw the

spectacular ascendancy of Hamilcar's

son, Hannibal, who boldly invaded

Italy from Spain, defeated the Roman
legions in three great battles, and ter-

rorized Rome. Procrastination and
jealousies in the Carthaginian Senate

unfortunately annulled Hannibal's
enormous gains abroad. Under the

spur of the famed Scipio Africanus.the

Romans carried the warfare to African

soil and defeated the Carthaginians at

the battle of Zama in 202 B.C.

IN
the few decades of peace that fol-

lowed, incessant efforts permitted

the industrious Carthaginians to re-

cover an aura of prosperity that in-

spired Cato's continuous demand that

Carthage be destroyed. Indeed. Roman
bad faith rekindled the conflict and
forced the Carthaginians to fight for

their lives in the Third Punic War
(149-146 B.C.). This ultimate conflict

ended with the recapture of Carthage,

despite heroic resistance by her be-

sieged citizens, and the total destruc-

tion of the city bv its conquerors.

S6

Much of our information about the

life of the Carthaginians, their wars,

and their ultimate defeat by Rome in

146 B.C. stems from the works of the

Greek writer Appian {ca. a.d. 95-165)

.

Appian's descriptions of events that

occurred long before his time seem, in

turn, to have been based on the writ-

ings of Polybius, whose histories are

only partially preserved. Although Ap-
pian's account of the battle for Car-

thage and of the Carthaginian harbor

installations was difficult to reconcile

with discoveries of early French ar-

cheologists, a new picture has emerged
with the help of aerial photography,

thanks to the French Corps of Military

Engineers and the brilliant scholar

Jean Baradez. Appian's recital of the

last battle for Carthage, presented here

in Horace White's translation, can now
be read with greater understanding.

According to Appian, Carthage had
two harbors: one was rectangular and
served mainly as a mercantile disem-

barkation point. The second, circular

in shape, was designed for military

use. Today, two lagoons—probably of

artificial origin—subsist in the area of

the Bay of Kram to the east of the

tophet of Salammbo; most archeol-

Dr. Erim, whose work has appeared
before in Natural History, is an
assistant professor in the Classics
Department of New York University.
Mr. Guggenheim, also a previous
contributor to these pages, is both
student of anthropology and artist.

ogists identify these as the remains o:

Carthage's harbors.

Appian describes the location o:

the city and the harbors as follows

"The city lay in a recess of a grea

gulf and was in the form of a penin

sula. It was separated from the main

land by an isthmus about three mile:

in width. From this isthmus a narrov

and longish tongue of land, about 30(ia

feet wide, extended toward the was

between the lake and the sea." Bara

dez and earlier scholars deduced tha

the isthmus was between the Sinus Uti

censis—Gulf of Tunis—and the presen;

Lake of Tunis. Baradez places th

tongue of land between the channejini

of the military harbor, known as th

cothon, and the sea.

GONTINUING his description of Cai$

thage, Appian says: "On the se

side [where the city faced a precipice

it was protected by a single wal pi

Toward the south and mainlamr

where the city of Byrsa stood on th|[

isthmus, there was a triple wall. Thf
height of each wall was 45 feet, n(

taking into account the parapets an

the towers, which were placed J(

round at intervals of 200 feet, eai

having four storeys. In the lower spa^

there were stables for 300 elephan^ nt

and alongside were receptacles fi

their food. Above were stables fj

4,000 horses and places for their foi

der and grain. There were also ba

racks for soldiers, 20,000 foot ai



j)00 horse. . . . The angle which ran

iound from this wall to the harbor

|)ng the tongue of land mentioned

i |Ove was the only weak and low spot

iithe fortifications . . . having been

iiglected from the beginning."

Delving further into Appian's writ-

es, one discovers that: "Within the

ii:ond port was an island, and great

(lays were set at intervals round both

V harbor and the island. . . . Two
lie columns stood in front of each

zk giving the appearance of a con-

uous portico to both the harbor and

island. The admiral's house was

It on the island, from which the

mpeter gave signals, the herald de-

;red orders, and the admiral himself

rlooked everything. The island lay

ir the entrance of the harbor, and

e to a considerable height, so that

admiral could observe what was

\«^ ng on at sea, while those who were

i (reaching by water could not get

'...idea of what took place within."

t is interesting to follow the final

tie, which culminated in Carthage's

truction, as recorded by Appian.

! Romans drew up a battle plan in

ch one force advanced from the

inland, along the isthmus, intend-

to scale the high wall around

,lj
thage from a low parapet between

point of attack and the mainland,

le the other force, led by the con-

Censorinus. stormed the weak

le by the harbor, mentioned above,

,cl
1 ladders raised from the land and

k't

the decks of ships. The Roman attack

failed, and Censorinus then made his

camp near the lagoon, "right under the

wall of the enemy." It is believed that

Censorinus camp was west of the walls

and the lake, in the direction of the

Bay of Kram.
"When the camps were finished,

Censorinus crossed the lake to get tim-

ber for building engines and lost about

500 men, who were cutting wood, and

also many tools, the Carthaginian cav-

alry general, Himilco. having suddenly

fallen upon them. . . . Nevertheless, he

secured a certain amount of timber

with which he made engines and lad-

ders." The Romans attacked again.

Censorinus ordered his troops to

fill in part of the lake along the tongue

of land to widen the road. Then he

"brought up two enormous battering

rams, one of which was driven by

6.000 foot soldiers under charge of the

military tribunes and the other by

oarsmen of the ships under the charge

of their captains." The rams were

brought to the weak angle of the wall.

Under the action of the battering rams,

part of the wall crumbled and the

Romans saw the harbor installations

and the town before them. However,

thev were repulsed, and the Cartha-

ginians burned their engines at night.

"Censorinus. whose camp was pitch-

ed on a lake of stagnant and impure

water, under high walls shutting off

the fresh air from the sea . . . moved

his station from the lake to the sea.

The Carthaginians, whenever the wind

blew toward the Romans, towed along

small boats, filled with twigs and tow,

under the walls, where they could not

be seen by the enemy. When they were

turning the corner, and were just

about to be sighted, they poured brim-

stone and pitch over the contents,

spread the sails, and. as the wind filled

them, set fire to the boats." These fire-

boats were driven against the Roman
ships and, according to Appian, nearly

destroyed the fleet.

THE Roman blockade of Carthage

was ultimately effective, but by no

means complete, and Appian describes

occasional sallies of Carthaginian mer-

chant ships under full sail. The Car-

thaginians also began to build a new
fleet of triremes and quinqueremes,

a new threat to the Roman ships.

Scipio, who now commanded the Ro-

man forces, conceived a new approach.

"When Scipio perceived this, he

planned to close the entrance to the

harbor, which looked toward the west

and was not very far from the shore.

For this purpose he carried a strong

embankment into the sea. beginning

from the strip of land which lay be-

tween the lake and the sea. and was

called the tongue, and advancing it

seaward straight toward the harbor's

mouth. He made it of numerous heavy

stones so that it might not be washed

away by the waves. The embankment

was twenty-four feet wide at the top,
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and four times as wide at the bottom."

Since the waters are relatively shal-

low in this section, the construction

work done by Scipio's men was little

more than a continuation through the

lagoon of an existing road. This action

forced the Carthaginians to open up

their harbor at a different point to

gain access to the sea. Again, Appian

has described the scene.

"The Carthaginians . . . became

alarmed, and began to excavate an-

other entrance on the other side of the

harbor facing the open sea, where it

was impossible to carry an embank-

ment on account of the depth of the

water and the fury of the wind. Even

the women and the children helped

to dig. . . . Finally, everything being

finished, the Carthaginians opened the

new entrance about dawn, and passed

out with fifty triremes, besides pin-

naces, brigantines. and smaller craft

equipped in a way to cause terror."

THE new opening was some 800 to

1.000 meters north of the exit

Scipio had been trying to close. Prob-

ably the exodus of the Carthaginian

fleet occurred when Scipio's jetty made
the old passage impracticable. But the

Roman ships forced the Carthaginian

fleet to return to port after a battle.

However, the size of the fleet prevented

it from entering in an orderly fashion.

The ships then lined up at the angle

formed between the wall of the inner

harbor and that of the choma. a partly

submerged strip of land, where the

main fight was to take place. It was at

this point that the Romans wished to

gain a foothold, as it consisted of an

additional defensive structure that the

Carthaginians had built to protect

their commercial installations. Once

in possession of this bulwark on dry

land, Scipio would be able to build a

wall opposite that of the Carthagi-

nians, and to launch an attack from

above. Thus he would gain access to

the inner harbor, and the fall of Carth-

age would be assured. This seems to

have been exactly what happened, ac-

cording to Appian.

After an initial repulse by the Car-

thaginians, the Romans returned and

occupied the quay. Then, says Appian.

"... they fortified it and built a brick

wall of the same height as that of Car-

thage and at no great distance from it.

When it was finished, he [Scipio] put

4,000 men on it to discharge missiles

and javelins at the enemy, which they

could do with impunity."

Winter came and operations ceased

on both sides, but the effects of the

siege began to tell on the Carthagi-

nians. By spring Scipio was ready to

move again. He attacked Byrsa, the

main fortification and citadel.

Appian concludes his description

of the fall of Carthage with a gripping

account of the battle for Byrsa, the

destruction of the Forum, and the

plunder of the temples.

"Now Scipio's main object of at-

tack was Byrsa, the strongest part of

the city, where the greater part of the

inhabitants had taken refuge. There

were three streets ascending from the

Forum to this fortress, along which, }i

on either side, were houses built close-

ly together and six storeys high, from

which the Romans were assailed with|;i

missiles. But they captured the first

few houses, and from them attacked

the occupants of the next. When they i

had become masters of these, they put

timbers across over the narrow pas

sage-ways, and crossed as on bridges,

While one war was raging in this way

on the roofs, another was goin

among those who met each other in

the streets below. All places were filled

with groans, shrieks, shouts, and every

kind of agony. Some were stabbed,

others were hurled alive from the roofs

to the pavement, some of them falling

on the heads of spears or other pointed

weapons, or swords. No one dared

to set fire to the houses on account of

those who were still on the roofs,

until Scipio reached Byrsa. Then he set

fire to the three streets all together,

and gave orders to keep the passage-

ways clear of burning material so that
u;

. . . detachments of the army might
u

move back and forth freely.
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"Then came new scenes of horror.

he fire spread and carried every-

iiii: clown, and the soldiers did not

ait to destroy the buildings little by

tie. but pulled them all down to-

•thi-r. So the crashing grew louder,

1(1 many fell with the stones into the

iclsl (lead. Others were seen still liv-

g. esjjecially old men. women, and

)ung children who had hidden in the

must nooks of the houses, some of

em wounded, some more or less

uned. and uttering horrible cries,

ill others, thrust out and falling

iim such a height with the stones,

nlicrs. and fire, were torn asunder

t(i all kinds of horribles shapes,

ii-lied and mangled. Nor was this the

il I if their miseries, for the street

anirs, who were removing the rub-

-h with axes, mattocks, and boat-

Hiks. and making the roads passable,

--ril with these instruments the dead

, (I the living together into holes in

le Liround. sweeping them along like

I cks and stones or turning them over

• th their iron tools, and man was

led for filling up a ditch. Some were

Irown in head foremost, while their

lis. sticking out of the ground,
I ithed a long time. Others fell with

l?ir feet downward and their heads

I'M- ground. Horses ran over them,

ii~hing their faces and skulls, not

I

r|j(isely on the part of the riders, but

i their headlona; haste. Nor did the Aerial view of Carthage is overlaid

with probable outline of harbors. The
dr;nving. below, is reconstruction of

cothon's arcade and admiral's island.

Jfet-;
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street cleaners either do these things on

purpose; but the press of war, the

glory of approaching victory, the rush

of the soldiery, the confused noise of

heralds and trumpeters all round, the

tribunes and centurions changing

guard and marching the cohorts hither

and thither— all together made every-

body frantic and heedless of the spec-

tacle before their eyes."

THE fierce battle for Byrsa con-

tinued for six days and nights, Ap-

pian relates. During this time, "Scipio

toiled without rest." Finally, on the

seventh day, ". . . some suppliants pre-

sented themselves to Scipio bearing the

sacred garlands of Aesculapius, whose

temple was much the richest and most

renowned of all in the citadel. These,

taking olive branches from the temple,

besought Scipio that he would spare

merely the lives of all who were will-

ing to depart on this condition from

Byrsa. This he granted to all except

the deserters. Forthwith there came

out 50,000 men and women together,

a narrow gate in the wall being opened,

and a guard furnished for them. The

Roman deserters, about 900 in num-

ber, despairing of their lives, betook

themselves to the temple of Aescula-

pius with Hasdrubal and his wife and

their two boys. Here they defended

themselves a long time with ease al-

though they were few in number, on

account of the height and precipitous

nature of the place, which in time of

peace was reached by an ascent of

sixty steps. But, finally, overcome by

hunger, want of sleep, fear, weariness,

and the approach of destruction, they

abandoned the enclosures of the tem-

ple and fled to the shrine and roof.

"Thereupon Hasdrubal secretly fled

to Scipio, bearing an olive branch.

Scipio commanded him to sit at his

feet and there showed him to the de-

serters. When they saw him, they asked

silence, and when it was granted, they

heaped all manner of reproaches upon

Hasdrubal, then set fire to the temple

and were consumed in it. It is said

that as the fire was lighted the wife of

Hasdrubal, in full view of Scipio, ar-

raying herself as best she could amid

such disaster, and setting her children

by her side, said, so as to be heard by

Scipio, 'For you, Romans, the gods

have no cause of indignation, since

you exercise the right of war. But

upon this Hasdrubal, betrayer of his

country and her temples, of me and his

children, may the gods of Carthage

take vengeance, and you be their in-

strument.' Then turning to Hasdrubal,

'Wretch,' she exclaimed, 'traitor, most

effeminate of men, this fire will en-

tomb me and my children. But as for

you, what Roman triumph will you,

the leader of great Carthage, deco-

rate? Ah, what punishment will you

not receive from him at whose feet

you are now sitting.' Having re-

proached him thus, she slew her chil-

dren, flung them into the fire, and

plunged in after them. With these

words, it is said, did the wife of Has-

drubal die. as Hasdrubal should have

died himself. . . .

Carthaginian catapults, on parapets,

showered missiles on Roman attackers.
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At right, captive Romans are tortured

and killed as Roman ships bring a ram

"Carthage being destroyed, Scipio

gave the soldiers a certain number ol

days for plunder, reserving the gold,

silver, and temple gifts. He-alse-gave

numerous prizes to all who had dis-

tinguished themselves for bravery, ex-

cept those who had violated the shrine

of Apollo. He sent a swift ship, em-

bellished with spoils, to Rome to an-

nounce the victory. He also sent word

to Sicily that whatever temple gifts

they could identify as taken from them

by the Carthaginians in former wars

they might come and take away. Thus

he endeared himself to the people as

one who united clemency with power.

The rest of the spoils he sold, and, in

sacrificial cincture, burned the arms,

engines, and useless ships as an offer-

ing to Mars and Minerva, according

to the Roman custom." I

ALTHOUGH the symbolic sowing

^with salt that followed Carthage's

defeat meant the end of Punic politico-

economic pre-eminence in the western

Mediterranean, it did not obliterate the

name of Carthage from history. Barely

twenty-four years after the fall, an

attempt was made by the reformer

Gains Gracchus to establish a Roman ^

colony on the site. The effort was

doomed to failure because of patrician

opposition to Gracchan measures. In

44 B.C., Julius Caesar succeeded where

Gains had failed and gave thfr«ite to

veteran soldiers and civilians.

Within ten years, Carthage was r&

built and resumed a position of note

in North African affairs. Her advan

tageous situation allowed her to regain

prosperity and, in the following cen-

turies of the Roman Empire, she could

boast of a magnificent series of build

ings and monuments. In the earl)

fourth century A.D., at the time of tht

barbarian invasions, she even servec

as one of the last strongholds of th«

Empire to the West, until conquered/

by the Vandals in a.d. 439.

Despite liberation by the great

zantine general Belisarius in A.D. 541

—and some further imperial patron|

age—Roman Carthage sank fast therfl

after: it was a scarcely populated citj

already close to oblivion, that th

Arabs seized in A.D. 696 and reduceil

to silence until the spades of nine!

teenth-century archeologists began ti|

conjure up the phantoms of the pasi

(To he concluded in April)

to batter the weak angle of the wal

round Carthage's harbor installation!





Sponges and their



Primitive animals reveal complex anatomy

By Raymond Rasmont

m
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TO THE LAYMAN, a sponge is essen-

tially that brown, elastic, and in-

credibly porous item used in the bath-

room and the garage as a cleaning tool.

But how many laymen have ever seen

the animal itself? How many have the

slightest idea of what the live animal

looks like? All biologists know that

this sponge (provided it is not a syn-

thetic one) is the peculiar skeleton of

a most primitive marine animal. Cer-

tainly, the well-informed naturalist will

be able to discover some fresh-water

forms, or to gather some marine spe-

cies from the seashore at low tide. But

the true kingdom of sponges begins

where the naturalist's field usually

ends: beyond and below the extreme

low-water level.

I should probably say "where this

field once ended," for the increasing

popularity of skin diving has opened

wide the gates to the beauty of sub-

marine life. In the last few years,

thousands of sportsmen and field nat-

uralists have invaded a narrow fringe

of sea, twenty fathoms deep, that bor-

ders all the continents. There, it is as

impossible to ignore the sponges as to

ignore the lichens in a mountain for-

est: they are everywhere. Each rocky

wall, each crevice, each tuft of seaweed

may bear several sponges of various

shapes and colors. But how are we
going to recognize them among the

pullulation of algae and coelenterates,

bryozoa, and tunicates that share the

same habitat? To that question there

is no clear-cut answer. For example,

a tenacious, gray, figlike mass is a

sponge (Ircinia), and so is the tiny,

white pellicle (Reniera) that in places

encrusts Ircinia like a mold. Still an-

other sponge (Hymeniacidon san-

guinea) is a coral-red crust that may
cover several square feet of rocks.

Others are orange-yellow boughs,

branching from a bottom rock like

delicate deer antlers ( Axinella poly-

poides) ; large, brown "goblets"' among
the tufts of eelgrass (Calyx nicaeen-

sis) ; or spherical yellow "sea-oranges"

Representative of most varied group of

sponges — Deniospongiae — this "horny"
specimen is merely a spongin skeleton.

rolling about unattached on the ocean's

bottom (Teiliya lyncuriumj

.

If we want a clue to the anatomy
of sponges, we must leave the depths
of the sea and bend over our micro-

scopes. The rearing of sea sponges is

a very difficult task. The animals sel-

dom survive more than a few days—
or even a few hours—in an aquarium,
and few inland naturalists can afford

to maintain a sea-water aquarium.
Therefore, in what follows, we shall

concentrate on the fresh-water species

that are spread throughout the world
and are particularly abundant in the

United States. Perhaps the reader will

wish to make his own observations. So
let us start with a young fresh-water

sponge, of the family Spongillidae, and
put it under the microscope— or, if pos-

sible, a good stereoscopic binocular.

AT first sight, the animal appears as

a circular or oval dome, bearing

near its top a long, barrel-shaped chim-
ney, the terminal opening of which
is called the osculum. The surface of

the dome bristles with fine, transpar-

ent needles, the spicules. The wall of

both dome and chimney is an amaz-
ingly thin membrane, a two-layered

epithelium of flattened, polygonal cells.

The dome membrane stretches above
an empty space, and is supported bv
spicules like a tent on its poles. It is

transparent, allowing us to see the in-

ner mass of the sponge that lies within.

This mass at first sight appears as a

dense aggregation of spicules, and
of innumerable translucent spherules,

scattered at random. However, when
we look with more attention, we see

that the empty spaces, surrounded by
the spherules, form branching ducts.

Ankel and Eigenbrodt have devised

a most ingenious technique to clarify

the picture of the inner organization

of the sponge. On a microscope slide,

they fix two pieces of verv thin glass.

The space between these two forms a

"brood chamber." When a sponge
hatches in this groove, a part of its

body grows between the thin glass and
the slide. In such a "sandwich" prep-

aration, we can actuallv see that the

spherules make up the lining of ducts.

6^



Young sponge has hatched from three

globular gemmules. To their left is the

transparent oscular chimney; spicules

support the tight dermal membrane.

Crustlike sponges such as these may
spread over many square feet. Radiating
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veins are excurrent duels converging at

the bases of several oscular chimneys.

These ducts branch as do roots, the

thinnest ones at the outer edges, and
the thickest ones at the very base of

the oscular chimney. Other ductlike

spaces extend between the channels of

this system. Thus, the spherules form
the walls of two channel systems.

When one observes a spherule with

a good microscope, one gets the im-

pression of a continuous, fast move-
ment. Its origin can be discovered

with specially stained preparations,

the highest magnifications of the op-

tical microscope, and the use of the

electron microscope.

EACH spherule proves to be a cham-

ber lined with a single-layered

epithelium composed of very peculiar

cells, called choanocytes. On its inner

surface, each of these cells bears a

long flagellum, which is surrounded

at its base by a cylindrical or conical

collar of cytoplasm. The structure of

this collar has long been discussed; it

seems now that it is not a continuous

wall, but rather is a palisaded row of

distinct, delicate cytoplasmic struc-

tures. It is the restless motion of the

many flagella that gives the spherule

its appearance of continuous vibration.

We have seen that these spherules

— flagellated chambers — are aligned

along the branching ducts. In fact,

they open broadly into these channels,

and the flagella are directed toward

the aperture. Between the choanocyte

cells other inconspicuous openings al

low water to flow into the chambers

from the open space that separates the

ducts and extends under the transpar-

ent dermal membrane. Since this latter

membrane is pierced with very small

holes, the dermal pores, a continuous

flow of water is sucked from the aque

ous world surrounding the sponge

through the "incurrent spaces" and

into the flagellated chambers. Froir

there, the motion of the manv flagelh

propels the water down branching
'

current channels" toward the osculum

The moving water allows both res

piration and excretion throughout thi

whole body of the sponge. It also pro

vides food for the sponge, since amonj

the countless microscopic particle

such as bacteria, algae, and the likt

which are suspended in the wati-i

those of suitable size and properlic

are taken up and digested bv th

sponge cells. What these "suitabl

properties" are is still an open que.'

tion. However, the data accumulate

from my own experiments indical



that killed bacteria may provide suffi-

cient food to insure a sponge's growth

and reproduction. It is thought that the

collars of the choanocytes are most

efficient in the capture of food parti-

cles: their palisaded structure seems

to act as a filter, straining the current

of water. The oscular chimney is at

its narrowest at the osculum itself: the

result is that filtered water is expelled

with relatively great velocity away

from the dermal pores, minimizing

the possibility of refiltration.

From all of this description, it

should be apparent that a sponge is

essentially an intricate system of cavi-

ties contained within delicate epithelial

membranes. But such a structure, if

devoid of a framework, could not with-

stand the stress of the constant stream

of water that passes through it. It is

not surprising, then, to find that there

is such a framework consisting of

spicules. Each spicule is a transparent,

double-pointed needle of silica, sur-

rounding one organic axial thread.

Each is formed by a single cell, which

concentrates the silica, despite the very

small amounts of this mineral found in

fresh water—between 10 and 15 milli-

grams per liter. Some isolated spicules

strengthen the walls of the channels:

most of them are soldered to each

other by small amounts of spongin, a

transparent, elastic material. In this

way. they form a light but resistant

framework, somewhat similar to a tub-

ular scaffolding. The outer spicules of

the framework cross the subdermal

space, and thus act as supports for the

external membrane.

TO complete the picture of our

sponge, we must say a word about

its mesenchyme. This is a very loose

tissue, consisting of amoeboid cells of

various types and functions. This mes-

enchymic tissue is located primarily

at the base of the sponge, but many
amoeboid cells are spread throughout

the sponge's body, especially in the

incurrent spaces between the flagel-

lated chambers. The role of the mesen-

chyme is very complex indeed, and is

till poorly known. Let us only say

that its cells take part in the synthesis

of spongin. in digestion and storage

activities, and in both sexual and asex-

ual reproduction.

There is one characteristic common
to the little fresh-water sponge just

discussed and all the marine species.

All consist of one or more cavities,

lined with collar cells, where the water

Goblet-shaped sponge, about one foot sponges — despite wide differences in

across, is Calyx nicaeensis. As do most appearance—it has a siliceous skeleton.

Antler-like br\n(hes of a siliceous in color. Specimen was photographed at

sponge. /l.vi'neZ/cr poZvpoirfes, are orange depth of 10 fathoms in Mediterranean.
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Three cemmules hatched in "brood chamber" between glass

slips, edges of which can be seen as dark, vertical lines,

above. Higher magnification, below, reveals sponge parts:

?*

( 1 ) dermal membrane; ( 2 ) flagellated chamber; ( 3 ) incurrei

space; (4) excurrent duct; (5) spicule; and gaps for water 1

pass ( 6 ) from incurrent spaces and ( 7 ) into excurrent duct

"npf/



I)ii. Kasmont, Se(ietiiiy-(;cneral of

Hili;ium's Royal Zoological Society,

i- ,\ zoologist with the Free University
of iirussels. He lias studied sponges
in lidlli the lahoratorv and the field.

ows in through numerous small pore

penings and out through one or a few

'ide oscula. Except for this, certain

iher anatomical structures vary over

wide range and these variations

elimil the three major groups of

ponges— the Demospongiae. the Cal-

area. and the Hexactinellida.

The most primitive sponges to be

)und in the sea are mere cylindrical

ibules. consisting of a thin wall that

. lined with an epithelium of collar

alls. Water flows directly from the

utside through very numerous, small

ores that pierce the wall, and passes

iward the free end of the tubule,

hich is the osculum. This, the ascon-

id type, is the least complex sponge

)rm. Next in order of complexity are

le syconoid sponges. In these, many
ibules, each of which is equivalent to

.

small asconoid sponge, direct their

ater flow into a central, excurrent

ivity that is devoid of collar cells.

)F a still more intricate structure

are the leuconoid sponges, in

hich the choanocyte epithelium is re-

ricted to many isolated flagellated

lambers, connected directly to both

le incurrent and excurrent channel

stems. In this way, the filtering sur-

ce of this type of sponge has been

creased a great many times, and this

is contributed to their success in

rms of over-all size of individual

longes and numbers of species.

Sponges not only differ in the ar-

ngement of their choanocyte epithe-

jm. Also, and even more markedly,

ey differ in the disposition and na-

re of their skeletons. Despite our

rlier generalizations for the Demo-
ongiae, a few have no skeleton what-

ever. Others, including all the as-

'Hoid and syconoid species and even

me of the leuconoids, are supported
' a calcareous skeleton, consisting of

Icite needles in a wide variety of

rms—the Calcarea.

The primary skeletal elements are

ng, with sharp or blunt ends, and
me are even provided with a three-

anched head. In addition to these

rger elements, called megascleres,

any species bear minute spicules of

e most beautiful and varied shapes
Isolated choanocyte cell, with its

flagellum hanging from collar-palisade

of cytoplasmic structures, is seen in an

eiilargeineiU of 12.000X magnification.
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—the microscleies. Often, as we have

seen from our fresh-water example, the

spicules are soldered together with

spongin. but in the so-called horny

sponges, the spongin has wholly re-

placed the siliceous spicules as a skele-

ton, and forms a continuous network.

In some species, this spongin network

is especially dense, supple, and reg-

ular; these are the ones that are cus-

tomarily used as bath sponges.

In our final group—the Hexacti-

nellida—the sponge's skeleton is wholly

siliceous and inflexible. Typical mega-

scleres of the species in this group con-

sist of six siliceous rays, projecting at

right angles from a common center

and fused at their tips with silica.

When cleaned of all flesh, such skele-

tons seem to be made of thin strands

of glass. These "glass sponges" never

live in coastal areas, and are seldom

dredged from depths of very much less

than fifty fathoms.

As we have noted, only a single

family of sponges among those pos-

f 1

f

Solid white line is dermal membrane: broken line is choanocyte layer: shaded area is mesenchymi

Three structural grades of sponges, arranged in order o

complexity, have same basic anatomical elements. In al

Ordered arrangement of the siliceous

spicules forms skeleton of this marine
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sponge. Minute amounts of spongin bind

spicules together, making for rigidity.

sessing a silica and spongin skeletoi

has been able to succeed in fresh water

the spongillids. Members of this famil;

are to be found throughout the work

in ponds, streams, and canals, but thi

conditions controlling their distribu

tion are still poorly known. They ma
be absent from the whole length of ;

brook, except for a single sluice tha

will be covered with the animals. The

may be limited to tiny encrustation

on a pebble on the river bed, or the

may cover several square feet of

stone embankment. Some specimens

especially those of standing waters

ponds, or quiet streams, branch from

narrow base like deer antlers. Ther

appears to be only one rule governin

their spread: their absolute need fc

a solid substrate in relatively clea

water, as opposed to oozy bottoms an

agitated or turbid waters.

The color of the spongillids is

variable as their shape, ranging froi

dirty yellow, through gray, to

shades of brown or green. The gree

tinge is due to the chlorophyll of ra

croscopic green algae that are withi ll

the sponge cells. But gray or green, fl,

or branched, the fresh-water spong'

can be identified by three features: tl

dermal membrane pierced with oscul

the minute spicule bundles supportii

it and, non-microscopically, by tl

very strong, unpleasant, and typic

smell of the crushed sponge.

toi:

illM

by",

iklra

•i

H



liiee, the water must pass through dermal pores, past the

lagella of the collar cells, and out of the osculum at top.

If one looks for them in late summer
I" )r autumn, another characteristic will

nake fresh-water sponges easy to rec-

gnize. They will be stuffed with a

treat number of hard, brown spheres.

These small ( ' .••, mm. I bodies are the

emmules. The core of each is a dense

ggregation of undifferentiated cells,

ull of food reserves, enclosed in a com-

>lex shell made of different spongin

ayers, and strengthened by numerous
nicroscleres. The structure of the gem-

nules and of their spicules is so char-

icteristic for each species that they

orm the basis of systematic identifi-

ation and classification.

ale z<)iic~ ishciL- llic (Jiiiiale alternates

between cold and warm or dry and Avet.

They are seldom, if ever, produced by

equatorial sponge species, where the

climate is less variable.

The physiological mechanisms that

insure the formation of gemmules one

year and allow their hatching the next,

are very intricate, and are still little-

known. In Belgium, for example, the

species Ephydatia mulleri forms most

of its gemmules as early as June.

Supposedly, they remain unhatched

throughout the entire summer and

autumn, although climatic conditions

during those periods are conducive to

active life—certainly at least as condu-

cive as those prevailing in the follow-

ing spring, when hatching actually

occurs. How can this be accounted

for? Experiments have shown that the

gemmules of this species are physio-

logically unable to hatch unless they

have previously been exposed to low

temperatures for several weeks. If in

summer one takes such gemmules out

P
ROM a physiological, although not

nay consider each gemmule as a mul-

icellular "egg." When the sponge dies,

Is skeleton usually remains fixed to the

ubstrate, with thousands of gemmules

ntangled in it. These hatch during the

ollowing spring, and the resulting

If* oung sponges readily fuse into a large

ndividual that occupies the parental

keleton and increases it by further

Iding. Gemmules are so resistant

freezing and drying that one may
teep them in a refrigerator or in a

i-i" lottle for years, and then hatch them

imply by placing them in suitable con-

litions. These sponge "eggs" are a

ivpifcry necessary adaptation on the part

f the fresh-water sponges in temper-

Tancled ARRANGEMENT of spongin forms

skeleton of this sponge. Its mesh is too

large to make a bath sponge, but it

gives fair idea of how they are built.
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of the sponge and puts tliem in fresh,

clean water at 70° F., they may remain

unhatched for weeks. But if one first

keeps them in a 40° F. refrigerator for

six weeks, they may hatch within a

few days at 70° F.

Besides their asexual reproduction

through gemraules, the fresh-water

sponges are also able to reproduce sex-

ually like all the other sponges. Their

fertilized eggs metamorphose into

drifting, planktonic larvae that event-

ually settle in other locations. Sexual

reproduction occurs at a very precise

time of the year, and planktonic larvae

are to be found only for a few days

in early summer.

If gemmules of spongillids are scat-

tered at random in a Petri dish, some
of them may hatch close to one an-

other. As soon as the young sponges

come into contact, they fuse and grow

into a single one. Those that hatch

from a single gemmule and remain iso-

lated, however, are clearly small, indi-

vidual sponges. They originated from

one gemmule, developed an osculum

and an organized system of water

ducts. But those that hatched separ-

ately from several gemmules and fused

together also show an integrated duct

system and a single osculum. Without

a doubt, they also are individuals, for

the question of whether hatching gem-

mules will give rise to one or more indi-

viduals does not depend on essential

properties. Instead, the forms depend

on such extrinsic characteristics of the

surrounding medium as the distances

between gemmules, the suitability of

the substrate, and similar variables.

THIS, of course, is true only when
the gemmules in question are gen-

etically similar, as they surely are

when produced by a single sponge. If,

on the other hand, gemmules of differ-

ent species hatch near each other there

will be no fusion.

The problem of individuality is one

of the most puzzling ones encountered

in the study of sponges. At first glance,

the notion of "individual" seems to be

perfectly clear-cut. Anyone conceives

clearly what a cat, a sparrow, or even

a barnacle is, even if the latter is

generally found in dense populations.

And though a domestic bee is unable

to live when cut off from the swarm,

it remains, by itself, an individual with

its own anatomy, physiology, and

behavioral patterns.

A sponge, however, is neither a

colony nor a well-defined individual,

but an "occasional individual." This

is strikingly demonstrated by an ex-

periment performed as early as 1907.

If a large sponge is squeezed through

a fine silk sieve, the resulting juice

contains, among other debris, intact

isolated cells, clusters of choanocytes,

but no organization. If this liquid is

then diluted and kept in a Petri dish,

the cells will sink to the bottom, and

will move about like amoebae. As a

result, when they happen to meet each

other they aggregate into spherical

clusters, and, remarkably, they occupy,

within the clusters, those places that

correspond to their former specializa-

tion in the original sponge. As my
Belgian chairman, P. Brien,has shown.

if the proportion between the different

specialized cell-types for fresh-water

sponges is suitable, each such filtered

aggregate will live and will eventually

become a small separate sponge—an
occasional individual.

Whereas other metazoans are unable

to regenerate completely, once their

tissues are disintegrated, these experi-

ments make it clear that sponges are

able to regenerate their whole organi-

zation, starting from separated cells.

They seem to have evolved along a

different pathway from the true Meta-

zoa. Perhaps they deserve the name

Parazoa, or "side-branch animals,"

which is what they are usually called.

Siliceous spicules of the fresh-water sponge Ephydatia
mulleri have been magnified 150X and then photographed by
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a direct projection on sensitized paper. Rodlike forms are

megascleres; the smaller, variformed bodies are microscleres



small delights,,,
TO OWN OR TO GIVE
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American Indian art.

CERAMIC TILES The beauty of traditional Indian art

finds a modern expression in these silk-screened, kiln-

fired tiles made at the Mesquakie Indian Settlement. Three
different ceremonial Kachina Dancers (Blue Hote, Chak-
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DURING the year just passed, the blast

furnaces of the United States

poured forth nearly a hundred million

tons of iron and steel. This was not a re-

cord-breaking performance, to be sure;

nevertheless, it resulted in the produc-

tion of a weight of metal quite beyond

the grasp of the mind—a figure that is

really more of a statistic than a reality.

It is not the purpose of this article to

dwell on the number of automobiles,

aligned bumper to exhaust, that this

mass of metal could represent, nor the

vast number of rusting cans that it could

add to the middens of the nation. Rather,

it might be interesting to compare this

torrent of metal with the relatively

minuscule production of this country's

earlier days, when the rifle, ax. plow, and

kettle were still symbols of a young na-

tion. Iron, then as now, was the lifeblood

of comfortable existence; but a single

modern blast furnace can produce more

iron in a few days than most of the ear-

lier furnaces could run in a year.

If you wander the byways of the east-

ern third of the country today, you will

drive through villages that still bear such

names as Harford Furnace, Tyson Fur-

nace. Gilmanton Iron Works, or Clifton

Forge, to name but a few. Each of these

localities was, as may be guessed, a site

of one of the innumerable small furnaces

that supplied an earlier America with a

large part of its iron and steel. Despite

their small sizes and tiny outputs, ranging

from two or three tons of metal a week

to perhaps a hundred, their product was

considered so vital to the public welfare

that in at least one of the American col-

onies iron furnace employees were ex-

empted by legislative order from the

labor upon public highways expected of

able and taxable colonists. These small

ironmaking operations date from our

earliest days down to the closing decades

of the past century. Then the great floods

of low-cost iron ore from the Mesabi iron

range of Minnesota, and from other Min-

nesota and Michigan deposits, signaled

the beginning of America's real iron age

and stilled the charcoal-fired stone stacks

of the small operators. Most of these old

structures have long since succumbed tol

the assault of time and weather—and

perhaps local need for building stone-

but here and there a huge stack stands as

a memorial to the early ironmasters.

THE iron minerals that fed these small

furnaces were of four kinds. The two

iron-oxide minerals, magnetite and hem-

atite, furnished a substantial portion of

the total ore that was used; the hydrous

iron oxide, limonite (including the vari-

ety called "bog ore"), was important;

while the fourth mineral, used to a much
lesser extent, was siderite, the carbonate

of iron. All of these minerals, as fur-

nished by the mines to the furnaces, car-

ried other elements, such as titanium,

phosphorus, manganese, or sulphur, as

contaminants. An excess of any of these

"trace" elements in the crude ore often

spelled disaster for the furnace operator,

who was not likely to be a metallurgist;

they inevitably led to a product called

"red-short." in allusion to its brittleness

and unworkability at a red heat.

There is nothing particularly spectac-

ular, either in color or form, about any of

these four iron minerals so important to

the early ironmakers, although good

specimens of each should certainly be

found in the cabinets of every amateur

mineral collector. Specimens of all of

them may still be found around many

of the old furnace sites, especially if

the collector is fortunate enough to lo-

cate the site of the crushing mill, usually

an adjunct to a furnace, or the dump on

which low-grade material was thrown.

Massive magnetite is found in heavy,

dull, weathered lumps that, when bro-

ken, exhibit sparkling black interior

Pall Mason Tilden, formerly an
Editor of Nature Magazine and a

rock and mineral collector himself,

now continues his regular column in

the pages of the combined magazines.
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IcNETlTE, specimens of which can often

IfoTind near old crushing mills, is dull

on outside. Interior shows crust of partly

formed crystals on surfaces of cavities.

JON Rose," a rosette-like and shining
Ick formation of some hematite is caused

faces; cavities may show small or

tly formed crystals that have some

es of the octahedron,

he second mineral, hematite, is likely

be more variable in its appearance.

5 hematite commonly used in the early

naces—the so-called specular hema-

—may also be found in heavy lumps
und the old works as aggregations of

:elike particles, with a brilliant metal-

sparkle on freshly broken surfaces.

3 tliird mineral, limonite—referred to

brown hematite" by the early fur-

;e operators—is not so common around

«hen flattened crystals grow in a parallel

formation, as in the Swiss specimen, above.

old workings because it weathers rather

quickly. When it is found, however, it

should appear as soft yellow or reddish

lumps of no apparent crystalline struc-

ture, and with a strong tendency to stain

the collector's fingers a bright yellowish

brown. The "bog iron" that was used to a

considerable extent was a variety of

limonite. formed under certain condi-

tions in stagnant water that is heavily

charged with dissolved iron salts. (The

thin, iridescent "scum" often to be seen

on the surface of many bogs and swamps
today is actually oxidized iron, which

B&L Hastings Magnifier
. . . standard for scientific study

Out in the field or working inside, if you're interested

in natural liistory tfie standard tool for wide-view, color

corrected magnification is llie famous B&L Hastings.
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your dealer. Send for free complete magnifier booklet.

Bausch&Lomb, 993 Lomb Park, Rochester, N.Y.
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NATURALISTS
NATURE LOVERS

WILDLIFE PHOTOGRAPHERS
Enjoy a nature vacation in the scenic Elk

Refuge Region near famous Jackson Hole,

Wyoming, — in the beautiful Snake River

Valley.

On foot, or horseback, or "four-wheel-drive",

watch the Elk in spring migration to the

higher mountains from their winter refuge.

See Bear, Moose, Badger, Coyotes, Deer,

active Beaver colonies, Mountain Sheep,

Trumpeter Swans, Sandhill Cranes, Bird life

varied and abundant. Adjacent to Elk and
Bison refuges, and to Grand Teton National
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Open all year, - WINTER SPORTS, and
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RANCH.
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Box 551-A Jackson, Wyoming
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good book you sent on the universe. Now,
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OUR EMERGING UNIVERSE, by Allen Broms.
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work. $3.20 ppd.

THE UNITY OF THE UNIVERSE, by D. W/.
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for the layman. Paperback. $1.10 ppd.

THE UNIVERSE AT LARGE, by Herman Bondi.
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modern astronomy. Paperback. $1.10 ppd.

YOU AND THE UNIVERSE, by N. J. Berrill.
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THE BOOK CORNER
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of interest to both men and women —
special fishing tackle, footwear, clothing,

leather and canvas specialties, many of

our own manufacture.

L. L. Bean, Inc.

263 Main St., Freeport, Maine
Mfrs. Fishing, Hunting and Camping Speciallies

• •••••••••*

'^ortunats Jdlcind

On this summer's vacation you may—so

easily, even inadvertently—continue en-

meshed in complexity, neon noise, traffic,

crowds . . .

Or you may have the cUffs of Maine,

the blue Atlantic, stars for streetlights,

peace, quiet, beauty . . . you can live on

an island ten miles at sea.

Kindly address all inquiries to:

ME I S L fl fl I f1

Box H, Monhegan Island, Maine

*•*••• • • • • •

A MANUAL OF COMMON BEETLES
OF EASTERN NORTH AMERICA

An identification manual, easy to use.

Complete directions for beetle collecting,

a fascinating hobby. 896 pp. $9.25.

Write for brochure.

ROW, PETERSON and COMPANY
Dept. T Evanston, Illinois

NOW-There's a New
RELAXED WAY

to Learn ANY
LANGUAGE

at home—
almost overnigbl

ax like a child and learn lo

. almost ovcrnlBlU. FREE
natlnc detaila. Your choice

34 Languages by LINGUAPHONE
World's Standard Conversational Method
At Home and Abroad. ..For Business, Travel

FREE TRIAL-No Obligation.
Mall Coupon for cornplclo intormatlon TODAY

LINGUAPHONE INSTITUTE
Dept. D-63-932, Radio City, Now York 20, N. V.
I'lcasc send me D FREE honk. "Your Passport to
Laneuace." D Details of Free Trial.
No obligation—No salesman will call.

Address
City Zone State
I'k-asc check your language Interest:

n Spanish (American) D Spanish (European)
D French D Italian D German D Russian
D Modern Greek D Icelandic Japanese
D Portuguese D Other

eventually sinks to the bottom of a poo]

as the mineral limonite.

)

Siderite, the carbonate of iron, wa
not generally used in the early furnace:

as an ore; but specimens may still be

found now and then near the old work:

as moderately heavy, brown lumps that l

exhibit glassy, rather than metallic, frac
,,

ture surfaces when freshly broken

NOT long ago I had the chance ti

spend some time at the site of an oli

New England iron furnace; to examim

the huge blast stack, still in an excellenj

state of preservation; and to thuml

through the yellowed books of the prol

prietors. This was the Franconia Fui

nace, a nineteenth-century ironmakin

venture probably typical of the hundred

then scattered up and down the easteri

seaboard, though perhaps somewha
longer-lived than most

During the first years of the nineteent

century—probably between 1802 an olo

1805—the New Hampshire Iron Factor ll;

Company erected a blast furnace, with a iii(

ore crusher, casting foundry, and blacl

smith shops, on the banks of the Gal

River, not far west of the heavily fo lie

ested Franconia Range of the Whitfit)

Mountains. The setting for this ente

prise was characterized by the stal

geologist of the day as "a perfect wi

derness"; and, indeed, after a lor

period of operation, which saw a coi

siderable population in the immedia

vicinity of the furnace, the forest hi

again closed in around the ruin to r

create in part the wild scene that mu >(

have faced the hardy proprietors.

One must confess respect for the cle

er workmanship of the men who bui

the Franconia Furnace. Almost perfect|t

preserved after more than 150 years

a climate little more genial than that

the Arctic, the blast stack stands 35 fe I

high, with a diameter of some 20 feet jr

the base. Sheetlike slabs of the gneiss

granite common to the area were so cai

fully fitted by the builders that the enti

work gives the visitor an impression

monolithic solidarity.

The iron used here was massive ma

netite, which occurred in a vein on Ir

Mountain, some three miles from t

furnace, and which was hauled to t
i,.

scene of operations by oxcart. An an

ysis of the Iron Mountain ore by the st

geologist showed it to be the richest (
u,,

of its kind discovered in the Unit

States up to the time; it contained m(

than 96 per cent iron oxide, with a tri

of the element titanium.

The iron ore, along with limestc

and charcoal, was trammed to the top

the blast stack and dumped into I

furnace by way of the "throat," or "tun;

head." A contemporary diagram of
j

furnace's internal structure, which ol

inally appeared in a nineteenth-centi

work of the Frenchman J. B. A. Dure

was said by the New Hampshire st ,

.

He

III]

«il
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I Ri.y IRON FURNACE now Stands abandoned

i\^ liite Mountain area of New Hampshire.

|i)l(i<iist of the day to be almost ex-

itly identical in plan to that of the

lanconia Furnace.

\ii ordinary charge for the furnace

ii-isted of 15 bushels of charcoal

(hiih still saturates the soil in the vi-

nil\. along with lumps of magnetite

id glassy furnace slag; 280 pounds of

l.gnetite; and an unspecified weight

1 limestone, obtained from a nearby

ail V. Hardwood charcoal cost the iron

indirs S4.00 per hundred bushels, or

,">l) fur the softwood variety; a year's

ration required from 200 to 300 thou-

(I bushels of both kinds. Indeed, a

^i number of the local inhabitants

111 to have made their living burning

iia iial in the nearby forest.

rill' jiroductive capacity of the enter-

al' was about 500 tons of iron a year,

-I iif which was made during the agri-

liually slack winter season when men
' I In- farms in the area could be hired at

I er wages than at other seasons. Thus,

Hilling to the books, the company
li a total of $2,297 in wages and

fud for 50 hired men during the win-

spring, and early summer of the year

i8. For the same period there was a

cksmith's bill of $85.00; eight loads

clay (probably for lining the ladles

h which molten iron was poured into

ting-forms) were bought at $1.00 a

d; and the use of "flasks and pat-

as" cost $25.00. During this time the

nace poured out 730.000 pounds of

iron worth two cents a pound, and

rly 200.000 pounds of castings, which

jlifiught four cents a pound.

OST of the pig and wrought iron

made at the Franconia Furnace
It into farm tools and equipment—

[i^-ns such as carriage iron, sledges,

lirons. chains, and tools. "We now
e on hand at the manufactory," read

fi ompany advertisement, "a supply of

il of superior quality, both blistered

I spring, which we offer to the public

MAKi: YOUR OWN WINDOW
This handsome Iransluccnl window lets

liijht come through and keeps noise and
dust out. It is a window within a window,
designed to mask an unattractive view.
Seahorses, star fish, shells, leaves and sea
oats are permanently embedded in Casto-
glas. You can. of course, choose leaves
and flowers from your own garden or embed
other interesting objects of your choice.

Ea.sy To Do— Inexpen.sive

This is an easy project because each 12 x 18-

inch panel can be individually made at

little cost—figure about 65(* per sq. ft.

*'How To Make Decorative Glass Panels"
contains complete instructions.

HOW TO MAKE NATURE TILES
And Combine Nature Study With Arts and Crafts Activities

On page 3 of the January issue of NATURAL HISTORY MAGAZINE we showed you how
to laminate colorful leaves, flowers and other interesting objects to wood and hardboard. Now
we want to demonstrate how you can make unusual and distinctive decorative articles with them
for your home and for gifts. The leaf panel with its dramatic, colored background, the lamp

and the tiles shown here are only a few of
more than 60 photos featured in the tile

booklet. They illustrate the unique ways
seeds and weeds, stones, sand, and other
natural materials can be embedded in

Castoglas and combined with wood. The
possibilities are exciting and limitless.

Two Boolis Show You How
This month you will receive two books for
the price of one . . ."How To Make Nature
Tiles" and "How to Laminate Decorative
Glass Panels." The latter explains the simple
method of making translucent glass panels
for screens, room dividers and windows like
the one shown at the top. Please mail 25i
to Dept 9I-C

THE CASTOLITE COMPANY
Woodstock, Illinois

tr

INSECT-EATING PLANTS ARE
AMAZING BOTANICAL ODDITIES

Fascinating carnivorous plants lure, trap and digest

insects. Venus's Ply Traps, Cobra Lilies, Pitcher Plants

and Sundews are conversation-piece botanical wonders.

Individual plants or terrariuni sets make wonderful gifts.

Terrarium Set A has 5 Fly Trap bulbs. 2 Pitcher Plants.
2 Sundens, planting material culture directions, $6.25

ppd. Free catalog. (Indoor greenhouse, $14.95. Light.

?U 95 ppd.)

ARMSTRONG ASSOCIATES INC. g" *"
Si'^.. m i

EXPLORE

AMERICA
Visit Seatlle Workrj
Visit 12 National Parks & Monuments
Enjoy trout fishing and nature study

• Specialists in unusual kinds of outdoor adven-
ture programs for boys and girls 14-18 who want
to do something different. Our 1962 program will

feature the above activities with special emphasis
upon outdoor education and adventure. Personally
conducted by an experienced- professional staff.

Small group. 11th season.

EXPLORERS' CARAVAN, INC.
Dr. Richard N. Stullz, Direcfor

R. D. 1, Jamesville, New York

in the World?
From the Amami Islands*

to the Zulus of Africa**

...you will find it in Folkways' catalog

of over 600 Long Playing authentic Folk

records from almost every country, cul-

ture or ethnic group in the world. Also

Science, Jazz, Literature and Childrens

series. Write for complete free catalog.

*FE 4448 Music ol the Amami Islands

"FE 4S03 Alrica South of the Sahara

FOLKWAYS RECORDS
141 WEST 47 ST., N.Y.C. 36, N.Y.

.RROW
CANOE TRIPS

30 young men. U-IS. Base camp. "The Birches",
is located on Grand Lake, Maine, most eastern
camp in U.S. Superior fishing.

7 or 8 weeks of OUTDOOR LIVING under the
direction of Maine guides. White Water trips on
St. Croix & Machias Rivers. KATAHDIN Mt.
trip. Junior Maine Guide Training. WORK
CAMP. Quaker leadership.

OUTFITTERS FOR ADULT
AND FAMILY CANOE TRIPS

Wr Dii
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HUMMIIVGBIRD FEEDER

Will not attract wasps, yellow jackets or other in-

sects. This insect proof feeder Is simple to fill, easy

to clean, instructions enclosed. A perfect gift for

your bird-loving friends. Made from beautiful hand

blown glass. Only $1.95 ppd., $3.75 for two. Each

additional $1.60. U.S. and Possessions and Canada.
Unconditionally guaranteed. No COD's, please. Resi-

dents of Texas add 2% tax. We prepay all postage.

Order several today.

Write Dinah Dee, P.O. Box 6734, Dept. 562M,
San Antonio 9, Texas.

A NATURE LOVER'S
VACATION!

The big out of doors your living room!
Guest ranch ten miles off main highway,

in scenic Jackson's Hole. Ranch located in

beautiful valley. Warm Springs Swimming
pool near. Riding, fishing, pack trips,

animal and bird photography. See bear,

coyote, elk, deer, moose and mountain
sheep. Bird watchers observe and photo-

graph rare and almost extinct bird life.

In June excellent opportunity to see

large herds of cow elk and their new
calves. Pack trips into wilderness area.

Excellent meals, comfortable cabins,

reasonable rates. Slightly reduced rates

month of June.

References gladly exchanged

For rates and information write:

GRANITE CREEK RANCH
Larry and Janet Moore

Box 971 Jackson, Wyoming

living sea horses

One mated pair of dwarf sea horses delivered
from Florida direct to you for .?3.50 post paid.

INTERESTING TO NOTE:
• The papa bears the young
• Size slightly over one inch
• Fascinating AQUARIUM pets
• Easily kept in gold fish bowl or Aquarium
• A hardy, educational gift for anyone
• Living delivery guaranteed
• Food and directions included

CHECK, fAONEY ORDER or C.O.D.

ANIMATED GIFT SHIPPERS
Dept. N.N. 3, Opa-Locka, Florida

WOODCRAFT CAMPS
37th JT. ]!(,,VH --in. .-J UKC i,T(,U[..'i. :; priviil

lakes near OM Force. Adirondack. Canadla
e trips. l''ure.slry, tlbhlnii, riding. Tutor-

ing, i nurses. Booklet:

WILLIAM H. ABBOTT
Box 2382 • Fayetteville, N. Y.

Fun and Adventure in the Woods

at a reasonable price for cash and most
kinds of country produce." (Blister is

crude steel.) Here also were produced

those huge, black iron kettles, formerly

so common in New England, known as

"farmers' boilers" or "potash kettles."

They were used in earlier days for such

rough chores as scalding pigs, making
soap, or boiling sap for maple sirup, and
the larger sizes, weighing up to a quar-

ter-ton each, were usually suspended by
chains between two convenient trees.

Produced, too, were various sizes of cast-

iron stoves, known in northern New
Hampshire as "Franconia stoves."

The books of the company also reveal

another interesting point: the "efficiency

expert" of modern industry may not, in

fact, be quite as modern as we think. In

1810, the youthful company fell on lean

times. Crops failed, and farmers' pay-

ments on the Franconia line of hollow-

ware—kettles, baking pans, pots, and
"basons"—were miserably slow. A Mr.
Smith appeared, and after taking stock

of the situation he informed the directors

that, while their master iron founder was
drawing three dollars a day, "a good
founder may be engaged at 1 dollar per

day as a founder, and 1 dollar per day
as a fireman." Also, noted Smith, "the

labour is overrated by two molders per

day. whose wages, boarding, and grog
would reduce the cost of 1 ton of cast

iron by SI.80." Incidentally, the books
showed that only 16 of the steelworkers

were entitled to a daily ration of grog, at

a cost of $1.50 a day to the company.
At one time there were experiments

with a shipment of limonite, of the bog
iron variety, as ore for the furnace. The
company paid $250 for the shipment.

and reported that the results "turned ou;

unkindly," as also did some experimeii

tal steelmaking that cost $700.

Toward the middle of the nineteent

century, signs pointed toward the iir

pending doom of the Franconia Furnace

The New Hampshire state geologis

noted that the proprietors "have much t

struggle with now owing to the low pric

of foreign iron and to the scarcity

money among their home consumers.

The Franconia Furnace stayed afloa

long enough to produce some iron for th

battlefields of the Civil War, but it wa
not long before the iron industry con

menced to move toward Pennsylvani

and the Great Lakes states, where, it wi

said, unlimited supplies of coal and lim

stone could easily and cheaply be wei

ded to the hematite of the Mesabi ar

Vermilion iron ranges. It was the end ft

the myriad small furnaces that hi

served their young nation so efficient!

This list details the photographer, artis

or other source of illustrations, by pag

COVER-Hans Guggentieim 48-51-Birnback Pub. S
4-AMNH 52-61-HansGuggenhe
8-10-Courtesy Cambridge except 55-bot. AMNH
University Press after J. Carcopino; 59-
ll-AIVINH Archives AMNH after Karthago
12-13-Courtesy Cam- 62-63-source unknow
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HACKMATACK
CAMP FOR BOYS AND GIRLS

INTERESTED IN

SCIENCE AND NATURAL HISTORY

A wonderful spot for youngsters 7-12

years of age! Here in the beautiful

Berkshires our special facilities and
expert staff is ready to help those in-

terested in natural history subjects.

Geology, botany, birds, conservation,

the sky, and all that lives in the earth,

the air and water.

Swimming, riding, shop, crafts, daily
farm activities.

Eight week season only

• Write about your child to •

GEORGE F. DILLMAN

ARIZONA GYPSY TOURS
DKSEBT WILDrLOVVER TOUR in and around Organ
I'Ipe Cactus National Monument—March 18-31

NAVAJO-HOPI T01;r—Canyon de Chclly, Window

Come In your car or ride with tne.

Eat out. sleep out, mohllc commissary.

WAMPLER TRAIL TRIPS . Box 45 • Berkeley I, Calif.

1000 YEARS BEFORE YESTERDA
This TERRA-COTTA oil lamp glowi

along with others in Egypt, Greece a
Rome. Now you can own a piece oi b

tory in this ancient lamp. Fill with <

add wick, rekindle its ancient glow
serves to stimulate thought provoki
conversation. Lamp mounted on ha
wood base with certificate of autheni
ity . . . only $10. Money back guarant
Send for FREE catalog of inleresti

items.

ALADDIN HOUSE Dept. NH-^3

520 FIFTH AVENUE • NEW YORK 36, N

WHY DON'T YOU WRITEl
EXTRA MONEY IN SPARETIME mlnuti
slorlfs. articles on nature, business

, local, club and church actlvlllos. Undei

- Test" tells

00.
WRITERS

NEWSPAPER
uito S782-C, Tw
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The Unitron 2.4" altazimuth refractor shown here is now pacl<aged in a new, specially

iigned, lighter, more compact carrying case that's much easier to carry, much thriftier on trunk

ice when you're traveling by car. (Weight: just 25 lbs.)

But portability is only the second most important feature of this fine instrument.

The first most important feature of the Unitron 2.4" altazimuth refractor continues to be its

vnright value and upright optical excellence.

Excellence and value — these are enduring qualities, common to every Unitron sold. The best

jsible proof: Unitron is the largest selling refractor in the world.

VNlTt^Ot^

What you'll find inside the new Unitron carrying case:

IVlodel 114 — complete with altazimuth mounting

and slow-motion controls for both altitude and azi-

muth, tripod. 5x-16mm viewhnder, standard rack

and pinion mechanism, 4 eyepieces. UNIMEX or

star diagonal and erecting prism system, sunglass.

dewcap. dustcap. instructions. 5125

INSTRUMEI^T COIVIPANY • TELESCOPE SALES DIV.-56 NEEDHAM ST.. NEWTON HIGHLANDS 51, MASS.

SI FOR UNITRON'S FREE, 38 PAGE

0. RVERS GUIDE AND CATALOG 21-Z



New satellite will peel back the sky

yfUfcif^jf

scientists are now developing on electronic

memory system for a satellite that will study the stars from high

above the Eorth's atmosphere.

While the sky seems transparent enough, it mokes a poor win-

dov/ for astronomers. The atmosphere acts as o filter, blocking

important information from earth-bound instruments. By putting

their telescopes into orbit 500 miles above the atmosphere, as-

tronomers hope to obtain valuable new scientific data about the

age and composition of planets, stars and galaxies.

The orbiting observatory is planned for launching in 1963 by the

NASA-Goddard Space Flight Center. It will contain a compact,

highly reliable IBM system for processing and storing data. This

system will receive radio commands from Earth, store them, and

tell the observatory where to point its instruments. It will then

collect the observations for periodic relay back to Earth.

Seeing the heavens more clearly will help scientists clear up many

problems long unsolved. Whether you are a scientist or a business-

man, IBM developments can also uncover solutions to your problems.
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RESEARCH LABORATORIES
AND IXDUSTRIAL USERS
Cal. Tech.—Jer Propulsion Lab.

Naral Research Laboratory

M.L T.—Lincoln Laboratory

Royal Inst, of Tech., Sweden

Aerospace Corporation

Anna Corporation

Aura, Incorporated

Avco—Everett Research Lab.

Bell Telephone Laboratories

Bolt, Beranek & Newman
Celanese Corporation

Chase Manhattan Bank

Comision Federal de

Electicidad, Mexico

Convair

Cornell Aeronautical Laboratory

E. I. duPont de Nemours Co.

East Africa Agri. & Forestry

Research Organ., Kenya
Duval Industries

Edgerton, Germeshansen & Grier

Electronics Corporation

Engelhard Industries, Inc.

Fisher's Television Co.

Ford Motor Company
Frankford Arsenal

General Electric, Schenectady

and Philadelphia

G.M.—AC Spark Plug Div.

Hanunarby Bakelit Indnstri

Aktiebolag, Sweden

IGY Program, Germany
Los Alamos Scientific Lab.

Mitmeapolis-Honeywell, Minn.

and St. Petersburg

North Am. Aviation—Autonetics

Northrup Aviation—Nortronics

Patapsco Engineering Co.

Photogranunetry , Inc.

Raytheon Manufacturing Co.

RCA Laboratories

Michael Reese Hospital

Servomechanisnis, Inc.

Shell Developmem Company
Sperry Gyroscope Company
Sports Network, Inc.

The Standard Oil Company
Tell Manufacturing Company
Texas Instruments, Inc.

United Aircraft Corp.—Norden

U.S. Naval Electronics Lab.

Univox Corp.

IVestinghonse Electric Co.

WHDH-TV, Boston

Woods hlole Oceanographic Inst.

UNIVERSITIES
AND COLLEGES
Univ. of Aberdeen, Scotland

University of Arizona

University of California

University of Chicago

University of Colorado

University of Hawaii

University of Illinois'

University ofLondon

University ofNew Hampshire

University of Pa., Sch. Med.

University of Poena, India

University oj Rochester

University of Toledo

University of Toronto

University of Utah

Baylor Univ., Coll. Med.

Christian-Albrecht U., Germany
Columbia University

Memphis University School

Stanford University

Washington University

Adams State College

Adrian College

Arizona State College

Beloit College

California Inst, of Technology

California St. Teachers Coll.

Carnegie Institute

Christian College

Clemson College

Cooper Union

Dickinson College

Fraunhofer Inst., Germany
Georgia Inst, of Technology

Gleudale College

Harbor College

Indiana State College

Lawrence College

Long Beach State College

Los Angeles State College

Mt. San Antonio College

Mundelein College

Newark State College

Oklahoma A& M College

Parsons College

Pierce College

Principia College

Randolph-Macon College

Rollins College

St. Mary's College

San Diego State College

Southern Conn. State College

Sul Ross State College

Whitman College

William and Mary College

GOVERNMENT AGENCIES
Atomic Energy Conunission

NASA, Edivards, California

NASA, Langley Field, Va.

NASA, Titusville, Florida

NASA, Goddard Space Flight

Center, Greenbelt, Md.
National Institutes of Health

Aberdeen Proving Ground

U.S. Army, Ft. Monmouth, N.J.

Redstone Arsenal

U.S. Army Intell. Center

White Sands Proving Ground

Griffiss AFB, New York

Holloman, AFB, New Mexico

Wright-Patterson, AFB, Ohio

Naval Air Develop. Center

Naval Air Station, Norfolk, Va.

U.S. Nav. Ord. Sta., China Lake

GARDE, Def Res. Bd., Can.

CIA
Department of State

FBI
French Govermnent—Army
National Bureau of Standards

OBSERVATORIES AND MUSEUMS
Dominion Observatory, Canada

Hayden Planetarium

High Altitude Observatory

U.S. Naval Observatory, Wash.

Osservatorio Astronomico di

Capodimonte, Italy

Valley View Observatory

Columbia Museum of Art

Grand Rapids Public Museum
Kingsman Museum Nat. Hist.

Mount Stromlo Ob., Australia

Museum ofNew Mexico

Saskatchewan Mus. Nat. Hist.

National Observatory

QUESTAR
BOX 60 NEW HOPE, PENNSYLVANIA

STAR-TESTED QUESTARS ARE USUALLY IN STOCK. READY FOR IMMEDIATE DELIVERY, FROM $995. TERMS ARE AVAILABLE. LET US SEND YOU THE QUESTAR BOOKLET.



BOOKS OF SPECIAL INTEREST TO READERS OF

NATURAL HISTORY

The newest adventures of

a favorite naturalist

THE

WHISPERING LAND
'Anyone who has ever read a

30ok by Gerald Durrell will wel-
come another with whoops of joy.

-or years he has roamed the
earth filming wild animals, collect-

ing them for zoos, and writing of

lis experiences with infectious
' Jelight. *—c/?/cago Tribune

This book (is) a delight, with
never a dull moment from Buenos
Aires to Patagonia."

—GORDON cuYLER, N.Y. T/'mes

rawings by Ralph Thompson, $3.95

by GERALD DURRELL

A superbly illustrated nature

walk for the mind

THE WONDERFUL

WORLD OF NATURE
This is one of the most beautiful

nature books ever produced. Its

pages teem with photographic il-

lustrations—as handsome as they
are revealing— of insects, snakes,
birds, rodents, the creatures of

the field and the mountainside.
For the neophyte it's a wonderful
word and picture introduction to

nature; for the naturalist, a re-

minder of wonders he has seen
before and some which surely
must be new to him. Introduction

by Edwin Way Teale. 300 pictures,

24 color plates. $7.50

A personal account of

archaeological adventure

where a civilization is about

to disappear

HIGH DAM

OVER NUBIA
This is a strange and splendid his-

tory of Nubia, its relics and monu
ments soon to be inundated. In a

fine and understanding volume
Mr. Greener explains why the
High Dam must be built, what
loss to human knowledge the vast
lake behind it will cause, and
what individuals and groups are
now doing to save as much as
possible. With 32 pages of beau-
tiful photographs; maps. $6.00

byF.A.ROEDELBERGER by LESLIE GREENER

A search for Irish and other

pre-Vlking discoverers of

America

LAND

TO THE WEST
This book makes no positive claim
that the Irish discovered America,
but it presents a very plausible
case for knowledge of America in

medieval Ireland and perhaps long
before that. It's the story of a
personal search— not for land, but
for evidence. Its fascination lies

in its pursuit of the clues, and in

what they suggest about earlier
visitors to our shores. Reference
notes, bibliography, index, maps,
halftone illustrations. $6.95

by GEOFFREY ASHE
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EMBERS of The American Museum of Natural His-

tory come from almost every part of the globe. There

are nearly 120.000 of them, mostly Associates, and they

live in New Zealand, Australia, Europe, Africa, South

America, the islands of the Pacific, and there is one lone

Associate in Sarawak. Those in the United States are found

mainly outside the metropolitan area of New York City.

Their interest in the natural sciences has led to many di-

verting hobbies, to recreation, relaxation, and even to voca-

tions. They have extended that interest by lending their

financial support to Museum activities, and their dues help

support research, exhibition, scientific and popular pub-

lications, expeditions, and adult and child education.

We like to think that our 120,000 Members throughout

the world are extensions of the American Museum itself.

This is important, because the Museum is more than a

treasure-trove of the rare, the exotic, the bizarre, or the

unusual. It is a great teacher that can tell us what happened

in the past, what exists in the pres-

ent, and what the future may hold,

depending on our own interests.

It meets the needs of the student,

the child, the farmer, the house-

wife, the industrialist, the artist,

and the teacher. Each finds, among
its many offerings, an awareness of

daily living plus an appreciation of

his own place and the place of his

neighbor in an increasingly com-

plex and interrelated world.

Our interest in the natural sci-

ences is, no more and no less, an in-

terest in our environment. The first

living thing was affected by its environment and affected

it in turn. So today is man. He is but one of many species

of animals — and he is no more necessary to the continuance

of life on this earth than were the dinosaurs, the dodoes,

or the passenger pigeons. Our very existence in the future

may depend upon our understanding of this fact and of

the world in which we find ourselves.

We are a part of nature, although we control much on

this earth. We are still subject to great basic laws and

forces that limit and restrain us within definite boundaries.

Were our climate to change from temperate to glacial

cold, our works might be wiped out over most of the globe.

Even more important to us than great earth changes

are the difficulties we make for ourselves by not understand-

ing the consequences of our acts. The intelligence and rea-

son on which we so pride ourselves create needs and de-

sires that were not shared by our primitive ancestors.

In the satisfaction of these needs and desires, we lay

waste to our great forest resources, deplete and mine our
soil, use up irreplaceable resources, plow the plain, and
sow the dust bowl, and sometimes conduct ourselves as

though we were to be the last generation that would ever

inhabit this earth.

Science museums in general—and the American Museum
in particular—have long been aware of the need to acquaint

our people with the problems of soil, water, mineral, wild-

life conservation, and of the conservation of man him-

self. The American Museum's scientist-educators have ex-

pressed their concern in their research, their writings,

their teaching, and in their exhibits; the Department of

Education instructs hundreds of thousands of children

every year; and radio and television have increased our

audience to astronomical numbers of eager young people.

Someone once said, "A strong

and interested Membership is one

of a museum's greatest assets."

This is true in at least two ways.

The membership acts as a great

emissary of the institution, carry-

ing its message wherever it goes. It

also provides much of the financial

support that enables the Museum to

fulfill its obligations to the public.

There are ways in which present

Membership can be of even more
assistance to the Museum. For in-

stance, it is upon Associate Mem-
berships that higher categories are

structured. The Associate Member who becomes an An-

nual Member increases his aid to the Museum by 200 per

cent. Those who convert to even higher categories, such

as Family or Life Membership, are proportionately, of

course, of even greater help.

Because the Museum—a great center of free education

—/5 free, it requires and deserves public support. You
can help by persuading other people to become Members;

by raising your own Membership to a higher category;

by remembering the Museum through gifts or bequests.

In all of these, your enthusiasm is the guiding princi-

ple. Such enthusiasm is not only transferable to friends

who mav not be aware of the Museum's work and its place

in the community: it can also stimulate your own special

interests, adding to the Museum's meaning every year.

William A. Burns
Membership Chairman



Two interesting cultures —
ages apart

ESSAYS IN PRE-
COLUMBIAN ART

AND ARCHAEOLOGY
By Samuel K. Lothrop and others

Focusing on the magnificent

achievements of the early South

and Central American Indian these

lavishly illustrated essays report

on recent discoveries and research

— consider every facet of Pre-

Columbian gold ornaments and

jade, ceramics, textiles, sculpture,

and even their curious ball game
courts and equipment. Many
photographs, drawings, maps, and
charts. Bibliography.

507 pages. $12.50
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Intensely individual, today's
Greeks are struggling with social

upheaval and new customs. In this

humanized study we hear them
debating in coffeehouses and sick

wards, at firelit camps and olive

harvests . . . And we see the mean-
ing as well as the detail of Greek
life. Illustrated. $7.50
at your bookseller or use this coupon
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Reviews
A wide world of birds

Birds of the World, by Oliver L.

Austin, Jr. Golden Press, $14.95; 316

pp., illiis. by Arthur Singer. Birds of
THE Caribbean, by Robert Porter Allen.

The Viking Press, $15.00; 256 pp., illus.,

98 plates. The Book of Bird Life, by

Arthur A. Allen. $9.75; 396 pp., illus.

Bird Study, by Andrew J. Berger. John

Wiley & Sons, $9.00; 389 pp., illus.

Bird, by Lois and Louis Darling. Hough-
ton Mifflin Co., $5.00; 261 pp., illus.

A LOGICAL COROLLARY of man's prog-

ress in shrinking this wide, wide

world is his growing fascination with

and appreciation of birds. Increased

travel has led to increased interest in

birds of far-off places—birds that consti-

tute an almost endless variety of beauty,

shapes, and habits—and questions nat-

urally arise as to how they compare
with the birds back home. Ornithologists

have not been oblivious of this variety,

but they have been tardy in sharing

their knowledge with that most elusive

of all creatures—the "educated layman."

In 1958, E. Thomas Gilliard, Associ-

ate Curator of Ornithology at The
American Museum of Natural History,

authored the first comprehensive Eng-

lish language volume on birds of the

world since Knowlton and Ridgway's

book, published in 1909. Now another

volume has appeared—the truly spectac-

ular Birds of the World, by Oliver L.

Austin, Jr., illustrated with paintings by

Arthur Singer. This book, like Gilli-

ard's, helps to fill the half-century vac-

uum in readily available information on

the world's bird life.

Dr. Austin, well-known ornithologist

of the Florida State Museum, has com-

piled an amazing encyclopedia of in-

formation on the vast array of birds of

the world, written in a most delightful,

yet scholarly, style. An introduction

presents a brief discussion of how birds

are related to other animals, how they

have evolved through geological time,

and how they are presently distributed

throughout the world. The remainder of

the text is devoted to descriptions of the

birds and their habits, and there is a

list of selected references for anyone

who may be interested in further infor-

mation about specific areas of the world.

The author has, of necessity, relied

heavily upon the scientific reports of a

great many ornithologists. A bibliog-

By Wesley E. Lanyon

raphy includes the titles of a large num
ber of these original sources. A helpfu

index to scientific and common name;

in the text and illustrations is included

One hundred and fifty-five families o;

birds receive treatments varying ii

length from a quarter of a page for th(

smaller families, to three to four pagei

for the larger ones (Icteridae. Fringil

lidae, and Ploceidae). Each of the fam

ily accounts gives size of the famih

(number of species), general distribu

tion, derivation of the group name
fossil history (insofar as known), diag

nostic family characters, and genera

habits. Additional information about th(

larger families, the outstanding genera

and better-known species is presented

together with continental range map:

for some of the more primitive familie:

Austin's arrangement of the families o

birds follows that of the America
school, terminating with the sparrow:

and finches. There are two notable de

partures from this conventional order

The honeycreepers of the New Work
tropics, generally treated as a separat<

family, are here considered in part witi

the wood warblers and in part with th<

tanagers, following the recommenda
tions of Beecher and TordofF. The car

dueline finches (including goldfinches

crossbills, etc.) are included with th(

Ploceidae (an Old World family

weaver finches, etc.).

OVER 700 species of birds are illus

trated in color by Arthur Singer

Mr. Singer is not an ornithologist, anc

hence stands conspicuously alone amonj
most of his contemporaries who hav(

made names for themselves as bird art

ists. It is remarkable that he has cap
tured the appropriate postures anc

actions of so many of his subjects with

out the benefit of the field experienci

and knowledge generally required fo:

such refinements. The arrangements o

Singer's birds on the pages are a refresh

ing artistic element, but, though thi

treatment is novel and lends variety t(

the book's format, it may lead to som(||

confusion. For example, on the first pagi

of text devoted to the manakins, om
finds paintings of four cotingas. An(
there are discrepancies in the relativi

sizes of birds within the same plate, a.'

for instance, the northern royal fly

catcher and the wood pewee, and th'



arrcd cuckoo-shrike and its conipan-

iris. The 300 plates must have been

aiiiud over a period of years, and the

riist's progress can be followed from

inir rather mediocre initial renderings

> hiler ones that are just a few feathers

Kill of being magnificent. The color and

liroductions are generally excellent.

Perhaps my most stringent criticism

I I his book is directed toward the

reparation and editing of the caption

lalerial. It is lamentable that such a su-

crli viilume should be marred by innum-

lalilr niisidentitications, typographical

iK.r^, and inconsistencies. All illus-

alions should have been checked and

(iiilile-cheeked against a comprehensive

uiseum collection to assure accurate

lentifications of the species actually

epicted. For instance, the red-fronted

hornbill ( Phacellodomus rufifrons) is

ctually a spinetail ( Synnllaxis); the

ed-breasted blackbird designated as

'ezites militaris is actually Leistes mili-

aris, a totally different bird in appear-

nce; the bird called a green-winged

eal (Anas carolinensis j is, in fact, a

ommon teal (Anas crecca); and these

re only a few of such errors.

Bird watchers will surely find Birds

)/ the World informative, entertaining,

md delightful reading. The book will

ilso be in demand for its art work alone,

o be displayed as a collector's item in

iving rooms and libraries around the

vorld. And despite some shortcomings,

he volume is certain to be in reference

ibraries of professional ornithologists.

A substantial part of the recent in-

t\. crease in tourist travel, and its asso-

iated interest in the bird life of exotic

places, has involved the West Indies and

the lands bordering upon the Carib-

bean Sea. Ten years ago, the Alcoa

Steamship Company inaugurated a se-

ries of books on the natural history of the

area. The first volume, published in

1951. deals with flowering trees, and the

recently published Birds of the Carib-

bean, by Robert Porter Allen is the

second volume of the series. The delimi-

tation of the area treated by this book is

a matter of political and economic ex-

1. pediency on the part of the sponsor. It

J cannot be justified on zoogeographical

ilgrounds. for the area has no unique avi-

(ifauna. but is instead a melting pot for

[the birds of the West Indies. North

fAmerica. and tropical Central and

ij South America. Consequently, even the

I
author has difficulty defining the region.

) There is a cursory discussion of the

;' origin of Caribbean birds and the his-

:

tory of bird study in the area, but most
of the book consists of Allen's species

accounts, averaging one page in length

Dr. Lanyon, with The American
Museum's Ornithology Department,
regularly contributes to these pages.

and coiilaining notes on habits, local

legends, conservation, the author's field

experiences, and quotes from writings

of other ornithologists (Welmore. Bond,

Skutch. Chapman, and others).

The b<iok contains 98 colored photo-

graphs taken by 23 photographers. How-
ever, approximately one-third of the

photographs are of captive birds in zoo-

logical parks and aviaries; one-third are

of wild birds taken outside the Carib-

bean region, in places such as England.

Spain, Tennessee, New Jersey, and Cali-

fornia: and the remaining third are of

wild birds within the defined area. This

emphasizes the author's lament that

good photographs of Caribbean birds

are hard to come by. The reproduction

is generally poor, with blues and greens

overemphasized. Bird watchers, for ex-

ample, will find the photos of the road-

side hawk (Buteo magnirostris ) and of

the bare-eyed thrush (Tardus nudigenis

)

terribly misleading, for these birds

simply do not exist as illustrated.

The beautiful one and one-half page

photograph labeled the purple-throated

fruitcrow (Qiierula purpurata) is actu-

ally a photo of the red-ruffed or scutated

fruitcrow (Pyroderus scutatus). a bird

of altogether different appearance. The
bellbird illustrated is not Procnias alba,

but rather Procnias nudicollis. Likewise,

the pictured cock-of-the-rock is the An-

dean species, Rupicola peruviana, not

the native Rupicola rupicola.

Some of the photographs are unfor-

tunate selections if they are meant to

represent the most typical birds of the

"Caribbean region." The black phoebe

(Sayornis nigricans) enters the tropical

countries of Central and South America

primarily as a mountain bird, beyond

the "influence of the Caribbean." This

photograph, incidentally, was taken in

California. The chestnut-bellied chloro-

phonia (Chlorophonia pyrrhophrys) is

best-known as an Andean bird, and the

photograph was taken at New York's

Bronx Zoo. Numerous other photographs

that are extremely mediocre for a book

of this design (and price) include those

of the scarlet ibis: the smooth-billed ani

perched on some barbed wire in Cuba;

and the badly blurred meadowlark pho-

tographed from a car window in Florida.

To summarize. Birds of the Caribbean

is outpriced. in spite of a subsidy, com-

pletely disregards quality of reproduc-

tion and selection of photographs, and is

a poor consumer investment.

AMONG the multitude of published

. bird books, comparatively few have

aimed at educating the public in the bi-

ology of birds. It is a far easier task for

an author to relate his experiences on

some birding jaunt, to assemble a series

of photographs (for which there appears

to be an infinite market, regardless of

quality), to attempt a new twist on an
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account with over 100 illustrations.
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^.^ PLANT
MARVELS IN

MINIATURE
A Photographic Study-

By C. POSTMA. Foreword by

Edwin Way Teale. "This hand-

some book, addressed to bota-

nists and laymen, consists mainly

of 77 beautiful large photo-
graphs of botanical subjects, at

magnifications of 2 '/z ; to 3300...

All are technically excellent, and

all reveal a beauty likely to be

overlooked in such familiar sub-

jects viewed casually in natural

size."— Reid Moran, Museum
of Natural History, San Diego,

in Science.

"A beautiful book, which pain-

lessly imparts knowledge while

pleasing the eye."

—

Arthur
Cronquist, New York Botanical

Garden.

$12.50 at your bookstore, or
order from

THE JOHN DAY COMPANY
Soles Office: 200 Madison Ave., N.Y. 16

old identification guide, or to do a re-

hash of the "birds in our garden" ap-

proach. Arthur A. Allen of Cornell Uni-

versity, who is generally considered the

first professor of ornithology in this

country, has dedicated his life to educa-

ting both students and the public in

bird biology. The first edition of his

Book of Bird Life was published in 1930.

Since then there have been eleven re-

printings, and a second edition was pub-

lished in April, 1961. Most of the ma-

terial that appears in The Book of Bird

Life was originally published in essay

form for the high school student and the

"intelligent bird watcher." It is not a col-

lege textbook, nor was it intended to be.

The format and content of this edi-

tion differs little from its predecessor.

The one "new" chapter consists in part

of an eight-page discussion of the etho-

logical approach to the study of bird

behavior, and in part of material that

has simply been relocated from another

section of the first edition. Seventy-three

new figures by William Dilger. illustrat-

ing the diagnostic characters of the fam-

ilies of North American birds, represent

the major innovations. The illustrations

are a considerable improvement over

those in the first edition, although the

colored photographs are poorly repro-

duced and ineffectively small. Addi-

tional literature references are included.

Not all of the text has been brought in

line with recent research, however, as

proved by the retention of the statement

that Ichthyornis (a fossil Cretaceous

bird) had teeth. The statement that the

bluebird is the only species that has been

raised in isolation "to the singing age"

is also in error, for German scientists

worked successfully with several species

prior to the Cornell bluebird studies.

Although some minor revisions have

been made in the text, there has been

little attempt to incorporate some really

new avian biology material—material

that the "intelligent bird watcher" would

find fascinating. Examples are the re-

cent developments in studies of orienta-

tion and navigation of birds, and investi-

gations into the owl's incredible ability

to hunt its prey in total darkness via

auditory cues. Oddly enough, these

studies were established, in part, by re-

search carried out in Dr, Allen's own
laboratory. In spite of falling short of its

potentialities, however. The Book of

Bird Life is still a classic,

A somewhat different approach to the

popularization of bird biology has been

used by Lois and Louis Darling, In Bird,

co-authored and illustrated by this hus-

band and wife team, emphasis has been

placed upon the biological attributes of

birds rather than upon the techniques

used in observing and attracting them.

No doubt some readers will object to the

emphasis placed upon such topics as

anatomy and physiology. The authors

obviously intend to provide information

that is not readily available in popular

form, and this they have done in a most

entertaining, yet authoritative, manner.

Additional chapters are devoted to evo-

lution, behavior, and migration.

By relying principally upon review

articles and textbooks for much of their

information, the Darlings have missed

some of the investigations that have yet

to be reported upon in those sources-

such as the discovery that the hormone

prolactin is not the principal factor in

initiating incubation in at least some

birds. These oversights appear to be few

in number, however, and the text reflects

a fine review of ornithological literature.

This book deserves a good reception.

WHEN publication of Andrew J. Ber-

ger's Bird Study was announced,

there was hope that the volume might

fill the need for a really first-class orni-

thology text. The book is ostensibly

designed to stress the basic principlei

and concepts of ornithology for the

student of a liberal arts curriculum,

using, for the most part. North Ameri-

can birds as exemplary material. In view

of this avowed aim, the omission of

certain information and the inclusion ol

other material is somewhat paradoxicaL

Nowhere, for example, are there discus-

sions of how the study of ornithology is

pursued today, either on the amateur

or the professional level, or of profes-

sional opportunities in the field, should

a liberal arts student be smitten by the

glamour of the science. Essentially noth-

ing is said about the origin and evolution

of birds. Inadequate attention is paid to

food habits and the economic relation-

ships of birds and man.

By way of contrast to these omissions

of what could be regarded as the "intro^

ductory" aspects of the science. Dr. Ber-

ger leads his liberal arts students into

concern for the strictly theoretical con-

cepts of behavior (consummatory acts,

appetitive behavior, redirection activi-

ties, etc.). He also stresses consideration

of the philosophy (political and socio-

logical) of the conservation movement

in this country, which strikes me as be-

ing well outside the scope of an introduc-

tory science text. I also question the

pedagogic wisdom of using innuendoes

and out-of-context quotations to estab-

lish basic principles of any field.

Some of the chapters in Bird Study

are well done. In discussing migration,

for example, Berger has considered the

various aspects (origin, description, an-

nual stimulus, navigation, lunar and ra-

dar studies) in a logical and sensible

balance. The chapters on song and on

anatomy also cover their areas ade-

quately and yet are not too technical for

the beginning student. Numerous gen-

eral references are given for the student

who may wish to pursue a given topic.





BiMBLEBEE is model for robberfly,

which bears strong resemblance to bee.

Robberfly is mimic of the bumblebee
and is often found where bees abound

By Lincoln P. Brower and

Investigations
JUST ONE HUNDRED YEARS AGO, the

great English naturalist H. W.
Bates published a classical paper inter-

preting some of the observations he

had made on mimicry in tropical

American butterflies, which was based

on eleven years of research in the

Amazon Valley. He presented his re-

port to the Linnaean Society of Lon-

don, and within a short time, mimicry

became a key support of the theory of

evolution by natural selection, which

Charles Darwin and Alfred Russel

Wallace had outlined to the society

three years earlier, in lo5o.

Bates had returned to England from

South America Avith vast collections

consisting of individuals of nearly 15.-

000 species, no less than 8.000 of

which were then new to science. Con-
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. NE Van Zandt Grower

Droxefly, another mimic, resemble?

honevbee in color and feeding habits. Honeybee feeds at a composite flower

like that on vhich its mimic is shown.

[nto Miniicr
nplating the facts he had gathered.

tes saw that his obsenations con-

ned unique evidence in support of

irwins and Wallace's new theory,

s o\vn hypothesis concerned mimetic

alogies, which were, in the natural-

s own ^vords. "resemblances in ex-

nal appearance, shapes, and colours

t^veen members of widely distinct

milies. . .
."

His idea of mimicry was based par-

ticularly on the tropical butterflies of

the family Heliconiidae. In South

America he had noticed that among
the myriad insects these common but-

terflies with brilliant coloration and
slow, conspicuous flight were never

eaten by the abundant birds and

lizards of the jungle. Surprisingly,

other butterflies of a second, quite un-
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Anesthetizing bumblebee with carbon
dioxide is done in field near Archbold

Biological Station, where experiments
in efTicacy of mimicry were performed.

related family appeared superficially

identical to the Heliconiids. To explain

this curious relationship, Bates pro-

posed that the common Heliconiids

were distasteful to insect-eating verte-

brate predators. Upon trying one,

Bates postulated, a bird would find it

unpleasant and would reject it. The

bird would then remember this bad

experience, and when encountering the

butterfly's bright color pattern again

would refuse the insect on sight. Now,

if a palatable species looked like a

common, distasteful one, the predator

would mistake the palatable butterfly

for the unpalatable insect. Thus, a

palatable butterfly could, by deception,

escape being eaten. Such a deceptor is

called the mimic, and the distasteful

species it resembles is termed the

model. Bates also discovered that the

mimic is much rarer than the model.

This is reasonable because, in learning

what is good to eat, birds would most

often attack the common model, and

so learn quickly that its color pattern

was associated with an unpleasant

taste. Mimicry would thus be effective.

THE question of whether or not ver-

tebrate predators, and especially

birds, really do eat butterflies became

a subject of controversy among natur-

alists, because neither ornithologists

nor entomologists had recorded many
observations of birds attacking these

insects in nature. Two camps de-

veloped. One stated flatly that birds

never eat butterflies, that any similari-

ties in appearance of unrelated butter-

fly species are due to chance, and that

mimicry is a figment of man's imagi-

nation. The proponents of mimicry

countered this argument by gathering

extensive observations, particularly in

the Tropics, where some kinds of birds

feed heavily on butterflies during cer-

tain seasons of the year. These men
also found that model butterflies they

had caught in their nets often bore

V-shaped notches in their wings or

V-shaped scars where the powdery

scales normally covering the wings had

been removed. It was soon discovered
j

that birds sometimes chased and
j

snapped at other individuals belong-

ing to the model butterflies' species,

but then let them go. And when these

butterflies were caught, it became clear

immediately that the torn or rubbed'

areas on the wings were caused by the

birds' beaks. The beak marks, besides

showing that birds do attack butter-

flies, also provided indirect evidence
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I I lie models were unpalatable: they

r irlfd but then rejected. Moreover,

retil experiinents by H.B.D. Kettle-

\ II, in England, have shown conclu-

! ely that birds prey heavily on

i -cies of moths that had rarely been

I :n to be eaten b)- birds. Similarly,

i the past two years we have observed

) lock of red-winged blackbirds, Age-

I us phoeniceus (Linne) , catching and

i vouring many large swallowtail

tterflies in a swamp in south central

)rida. These findings that birds do

: Lepidoptera in nature point to the

nger of drawing false conclusions

Bed on insufficient observations.

Shortly after the turn of the cen-

•y, some observers attempted to per-

m experiments with caged preda-

s, including birds, lizards, and

inkeys, to which model butterflies

re offered. Almost invariably, the

ightly colored models proved to be

palatable. Without doubt, the great-

co-ordinator of these observational

idles of mimicry was Sir Edward
I'ulton, for many years Hope Profes-

sr at Oxford University in England.

I was Poulton who, while lecturing

i 1009 to the Entomological Society

« America, drew attention to three

1 atively simple instances of mimicry

aong North American butterflies,

( e of which will be described below,

J d pointed out the opportunities for

i-;(-ar(h they offered. For in spite of

ivast literature about observational

udies. actual experimental evidence

r the existence of mimicry was strik-

gl\ inadequate, as A. E. Emerson,

e famous American ecologist, em-

uisized as recently as 1949.

i s though the lack of conclusive

\^ experimental evidence for mim-

rv were not enough of a problem, the

r\ origin of mimicry puzzled scien-

its at first. While Bates' hypothesis

fered an explanation of the incredi-

e reseinblances between a number of

sects, considerable time passed he-

re the mechanisms of the early

i'olution of mimicry began to be

iiderstood. As mentioned previously,

mimic appears superficially to re-

pmble its model, but in fact the two

•e not closely related. When a mimic

tutterfly is examined in detail, the

ireful observer can see that in char-

Stincinc apparatus of bumblebee is

removed. Bees so treated were offered

to control toads to see if bees, made
harmless, would be acceptable as food.

All insects were strung with needle

and lengths of 50-gauge, gray cotton

thread. They could then be presented

to toad predators in a uniform manner.



Palatable dragonfly is presented to toad, which seizes

it, in bumblebee-robberfly mimicry experiments. By eating

dragonfly, toad manifests hunger. Thus, when hungry toa

rejects a different insect, lack of appetite is not the cans

acteristics such as the number and the

arrangement of wing veins, the struc-

ture of the legs, or the sexual organs,

it is like other members of its own
family and not like the model butter-

fly at all. How, then, does it happen

that in color pattern alone the mimic

is altered so as to differ radically from

its relatives and resemble the model?

This can be explained by reference

to a well-known example of mimicry

in the North American butterflies. The

familiar monarch and viceroy fre-

quent summer gardens throughout the

eastern United States, and related

pairs of butterflies occur in Florida

and in the Southwest. The monarch,

Danaus plexippus (Linne), is the

model, and it is known from experi-

mental studies to be distasteful to

some birds, such as the Florida scrub

jay, Aphelocoma coerulescens coeru-

lescens (Bosc). The viceroy, Limen-

ilis archippus archippus (Cramer), is

the palatable mimic. Both model and

mimic are orange in ground color

with black and white markings, and

look remarkably alike. However, the

viceroy's non-mimicking relatives are

all basically blue-black in color. They
include several species of Limenilis

from the Northeast, the Rocky Moun-
tain states, and the Far West. Because

of the prevalence of blue-black colora-

tion among the viceroy's relatives, it

is considered the ancestral shade of

the viceroy. The problem, then, is to

account for a change in the viceroy

from its probable original dark color

to its present orange, mimetic colora-

tion, which resembles the monarch's.

THE study of heredity has dis-

closed that spontaneous, heritable

changes called mutations occur in the

germ plasm of all living things. These

mutations may result in visible dif-

ferences in characteristics, such as the

color pattern of a butterfly's wing.

Knowing this, one can start with the

presumably dark viceroys, and re-

construct the manner in which their

orange coloration has theoretically

evolved. Suppose among the dark an-

cestral viceroys a few slightly orange

individuals arose through mutation.

These, along with the commoner,

blue-black ones, would both make up

the viceroy population. Now, if an

experienced predator that had learned

to avoid orange-colored monarchs

were to come upon these viceroys, it

would be more likely to eat the blue-

black form of the viceroy than it

would the pale orange one. because

even a hint of orange would remind

the predator of the distasteful mon-

arch. Thus, more of the new, orange

variant viceroys would survive to pro-

duce offspring than would the blue-

black form, even though the sum total

of individuals of both forms would be

the same in each new generation. If

we extend this situation by imagining

not just one mutation for pale orange,

but rather a series of small color and

pattern changes occurring at intervals

during a very long period of time, it

can be seen that through the agent

of discriminating predators, the col(

variant of the viceroy most like tl

unpalatable model would tend alwa>

to prevail. In this way, apparently, tl

present, orange viceroy, so like tl

monarch, has gradually evolved.

Butterflies belonging to the insei

order Lepidoptera were the subje

of Bates' classical theory. There ai

numerous other instances of strikin

resemblances between different kinc

of insects. For example, many bet

iHymenopteral , noxious because <

their stings, are models for harmlei

flies ( Diptera I that look, act, and eve

sound very much like bees.

While conducting our research pri

gram in south central Florida at tl

Archbold Biological Station, we b
came interested in two instances (

mimicry involving bees and their fi

mimics. The first concerns th

bumblebee, Bomhus americanorw

(Fabricius), which is mimicked by

robberfly. Mallophora bomboidt

( Weidemann ) . The two insects ai

seen together quite frequently in fielt

where blooming plants of the pea fan'

ilv are found. Like the bee. the rol

berfly has a black and light coir

pattern, a plump, fuzzy body, an

hairy legs. On the third pair of le<

it even has two patches of light hail

that simulate the pollen baskets of tl:

bumblebee. The second model-mim:

pair that we studied is the honeybc'

Apis mellifera Linne. and the dronefl;

Erislalis vinetorum (Fabricius). Th



3AME TOAD is Subsequently offered robberfly. Toad reacts

jy consuming it. thereby indicating that the toad does not

yet associate the harmless robberfly with the similar but

noxious bumblebee, and that robberfly is palatable to toad.

Ironefly has a narrow, black marking

long the middle of its back that

ireates the impression of the honey

-

ee's "wasp-waist." The dronefly also

las beelike yellow and black rings

irdling its abdomen. The buzzing of

he dronefly, as well as its habit of

feeding along with honeybees at cer-

:ain composite flowers, make it a very

convincing mimic of the honeybee to

he human observer.

We wanted to know if this similar-

ly is also confusing to insect-eating

jredators. Are the bee models really

noxious? Is it the sting that makes

them so? And what will happen when
a predator that has encountered a bee

is then given a harmless fly mimic? In

order to test the effectiveness of mim-
icry of the bumblebee and of the

honeybee, we carried out laboratory

Jiexperiments in which caged toads,

Bufoterrestris ( Bonnaterrel , were used

as predators. Known as the southern

toad, this animal was a particularly

good subject because it is a common
insect eater in the southeastern United

Stales and is abundant in the vicinity

(if the Archbold Biological Station,

wliere we caught them for our experi-

ments. The toads were taken to the

laboratory and were confined singly

in cubic cages twelve inches on a

side. The bottom and back of each

cage was made of plywood, the two

sides and front of gray plastic screen-

ing, and the top was a removable piece

of glass that allowed access to the in-

side. Cardboard partitions separated

the cages so that the toads could not

see one another, thus precluding the

possibility that the behavior of one

might influence another visually. Each

cage was equipped with a three-

quarter-inch-deep water dish.

In preparation for each day's test,

which was conducted in the evening

when the toads were naturally active,

bumblebees and robberflies or honey-

bees and droneflies were collected in

fields near the Archbold Station. They

were stored in a cold room until

needed, and then were anesthetized

lightly with carbon dioxide so they

could be handled easily and prepared

for presentation to the toads. In ad-

dition to the models and mimics, we
also needed edible insects that we
knew were acceptable to toads. By pre-

senting these insects to the toads, we
could make certain that the animals

were hungry enough to eat palatable

insect food, even if they should reject

a model or mimic. For the bumble-

bee-robberfly experiments we used

large dragonflies, Pachydiplax longi-

pennis (Burmeister I , as edible insects,

and for the honeybee-dronefly tests we
gave the toads beetle larvae, called

mealworms, Tenebrio molitor Linne,

which have approximately the same

bulk as the models and mimics.

AFTER trying many different meth-

ods of presenting the insects to

the toads, we finally settled upon a

technique that proved very satisfac-

tory. Toads will eat food only if it

moves. To standardize the motion of

the insects, each was strung with a fine

needle and 50-gauge, gray cotton

thread so that it could be suspended

and moved in front of a toad, to be

seized or rejected. The animal had

thirty seconds to eat each food item

lowered into its cage. If the food was

not eaten, the thread was pulled up.

withdrawing the insect. During an ex-

periment, model, mimic, and edible in-

sects were presented in such an order

that the toad could not learn to antici-

pate what was coming next. A sample

random sequence for two successive

days in the bumblee experiment was

as follows: edible, model: mimic, edi-

ble/mimic, edible: model, edible.

The experiments on the bumblebee-

robberfly complex were conducted

with six toads. Of these, three were

experimental animals and three were

control animals. The experimental

toads were gi\en ten live bumblebees

and ten dragonflies. singly, at the rate

of four insects a dav. At first, each

readily seized a bumblebee, but in so

doing was severely stung on the tongue

and roof of the mouth. The toad re-

acted by making violent movements

with its tongue, by blinking, by listing

toward the side of the injury, by puff-

ing up the body, and bv ducking the

head, which produced a generally flat-

tened appearance. After one or two

such experiences, the three experi-

mental toads learned that bumblebees

were noxious and the^ would not strike

at the others that were offered. Thev

13



TWO TYPICAL TOADS' REACTIONS IN HONEYBEE-DRONEFLY TESTS

Successive

Insects

Presented

Experimental toad
(Live honeybees with

stinging apparatus intact)

Control toad (Dead
honeybees with stinging

apparatus removed)

Mealworm Eaten Eaten

Dronefly Eaten Eaten

Dronefty Eaten Eaten

a Mealworm Eaten Eaten

I Honeybee Eaten- Eaten

Mealworm Eaten Eaten

Mealworm Eaten Eaten

Honeybee Rejected Eaten

Honeybee Eaten- Eaten

Mealworm Eaten Eaten

>> Mealworm Eaten Eaten

Honeybee Rejected Eaten

c
o Honeybee Rejected Eaten

(0 Mealworm

Dronefly

Eaten Eaten

^Hi
Mealworm Eaten Eaten

1

consistently ate the dragonflies. how-

ever, showing that they could dis-

tinguish between noxious and edible

insects. The crucial part of the experi-

ment was the substitution of robberfly

mimics for bumblebees. Would the

toads eat the flies, or would they con-

fuse them with the bumblebees and

reject them? Of the thirty robberflies

that were presented to the three experi-

mental toads, only one robberfly (3

per cent I was eaten.

M-
EANWHILE, the three control

toads were playing a key role

in the experiments. They were used to

determine the actual edibility of the

robberfly mimic. These toads >vere

never exposed to the sting of a bumble-

bee. They were offered only robberflies

and dragonflies. What were their re-

actions to the mimic? Two of the three

ate the robberfly readily every time

it was presented. The third toad was

bumped in the face by the first robber-

fly it was given. This experience seem-

ingly affected the toad, since it subse-

quently rejected all mimics, although,

Test responses of both experimental

and control toads are listed in table.

Live blmblebee, capable of stinging,

is presented to the experimental toad.



m^am-

Toad leaps to swallow the bumblebee

and is severely stung on tongue. Among
its reactions were violent movement
of tongue, ducking, and puffing body.

15



umbers of Experimental Toads (fed intact,

je Honeybees) and Control Toads (fed dead

oneybees, with stinging apparatus removed)

ating and rejecting a final Dronefly Mimic,

Experi-

mental Control

Toads Toads Total

te 9 19 28

nal

imic

ejected 13 3 16

nal

imic

22 22 44

like the other two controls, it ate all

the dragonflies. To summarize, then,

of the fifty-one robberflies presented to

the control toads, thirty-four (67 per

cent I were eaten.

One further aspect of mimicry re-

mained to be tested. Was the sting

really the source of the bumblebee's

noxiousness? It is quite easy—with the

aid of a dissecting microscope and

fine watchmaker's forceps—to remove

a bee's stinging mechanism. First the

bee is anesthetized with carbon di-

oxide. Then it is placed on its back

on the stage of the microscope. The
abdomen is pressed carefully with the

forefinger, which causes the sharp

point of the stinger to protrude. This

is grasped with the forceps, and the

whole stinging apparatus and the sac

containing the liquid poison is pulled

out. Thirty-six bumblebees were pre-

pared in this way and were then

presented to the three control toads.

Twenty-four of the harmless bumble-

bees were eaten by the two toads that

had eaten robberflies. The third toad,

which had been bumped by the robber-

fly, rejected the twelve operated bum-
blebees presented to it. These results

told us two things: first, that the sting

was the source of noxiousness in bum-
blebees, and second, that a toad that

refused robberflies would also reject

bumblebees. This indicated that toads

fail to distinguish between bumblebee

models and robberfly mimics.

If we now look at the results of this

experiment as a whole, we can reach

several conclusions that answer the

initial questions we set out to test. The
experimental toads showed us that live

bumblebees were highly noxious to

them and that toads, after being stung,

could learn to reject bumblebees on

sight. When the robberfly mimic was

offered instead of a bee, the toads also

refused the mimic. However, two con-

trol toads that never experienced bum-

blebees ate robberflies readily. There-

fore, we concluded that the rejection

of the robberfly by the experimental

toads could be attributed to mimicry.

These toads apparently learned that

the bumblebee's color pattern was as-

sociated with the noxious sting and

confused the robberfly's coloration

with that of the bumblebee. Mimicry

was thus shown to be effective.

Asecond experiment was performed

with honeybee models and their

dronefly mimics. A large number of

toads served as caged predators. We
wanted to be able to compare the

reactions of toads that ate mimics

freely at the beginning of the exper-

iment with the same toads' reactions to

mimics after experiencing the model.

i6

Next prksentation of a bumblebee to

toad evokes negative reaction in form
of ducking and rejection. This showed
that toad had learned bee was noxious.



In order to do this, it was necessary

for each toad to pass a qualification

test before being allowed to participate

in the experiment; each had to begin

li\ eating mimics as well as the edible

mealworms. Of the sixty-seven toads

that were brought in from the wild

;infl tested, forty-four qualified. The

iitlur twenty-three did not. because

ihr\ failed to eat mealworms or drone-

II its. or both. Fourteen of this group

;itc their mealworms but refused the

first dronefly, and some also exhibited

;i reaction of rejection to the drone-

llirs by ducking and puffing up. With-

iiu[ further experiments it is not pos-

sible to say conclusively why the toads

njected the initial mimics. However,

their behavior suggested strongly that

these animals were already agents in

mimicry: that the toads had had expe-

rience with honeybees before being

caught, and when they were confronted

with mimics in the laboratory, they

1(111 fused the two. This is possibly a

valid conclusion, because all fourteen

of the toads ate the mealworms, which

shows that they were discriminating

between the food items offered, and

were not simply rejecting everything.

In addition U) the qualification test

to select only those toads that would

initially eat the mimics, a second pre-

caution was taken to insure that only

visual mimicry was involved in the

investigation. All the droneflies were

killed by deep-freezing before they

were presented to the toads. In this

way, we eliminated the possibility that

auditory mimicry, caused by the sim-

ilarity of the buzz of the dronefly

mimic and the honeybee model, might

influence the toads' reactions. To be-

gin the experiment, the forty-four

qualified toads were divided into two

groups: half were designated as ex-

perimental subjects, and the others

as controls. The experimental animals

were given a series of five live honey-

bees and five mealworms. The control

toads were given five dead honeybees

from which the stinging apparatus had

been removed, and five mealworms.

These bees had also been killed by

deep-freezing to eliminate their buzz-

ing, which in itself might have caused

the controls to reject them. The order

in which the insects were presented to

all the toads in both groups and the re-

actions of a typical control toad and

a typical ex|)erimental toad are shown
in the table on page 14. upixT lejl.

TiiK experiments showed that the

live honeybees did indeed sting

the experimental toads, although ap-

parently not as severely as the larger

bumblebees had stung the toads in the

other tests. A few of the toads ate

the live honeybees without evident dis-

comfort, but most, after receiving two

or three stings, rejected the honeybees

on sight. The control toads, for the

most part, readily ate their frozen bees

from which the stinging mechanism
had been removed. This shows that the

sting of the honeybee, perhaps rein-

forced by its buzzing, accounts for its

rejection as food by the experimental

toads. Both groups of toads continued

to eat mealworms throughout the ex-

periment. This indicates that the ex-

perimental toads that rejected the bees

actually had learned to tell the differ-

ence between the two. In the final test,

both the controls and the experi-

mentals were given a last dronefly

mimic, followed by a final mealworm.

All forty-four toads ate the mealworm,

which indicates that the\ accepted in-

r
Effective mimicry is demonstrated

when the toad also rejects previously

acceptable robberfly, which it seems to

confuse with the stinging bumblebee.
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Dangling dragonfly before the toad

was means of testing toad's ability to

discriminate between insects that were
harmless and those that were harmful.

sect food readily to the end of the ex-

periment. The vital question is: did

more control toads than experimental

toads eat the last dronefly mimic?

The results are summarized in the

table on page 16, which shows that

there was a striking difference between

the reactions of the two groups of

toads. Nearly all (86 per cent) of the

control toads ate the final dronefly,

whereas less than half (41 per cent) of

the experimental toads ate their last

dronefly. We can conclude that the

experience of the experimental toads

with live honeybees greatly reduced

the likelihood that they would eat the

dronefly mimics. To a large degree

the noxious model did protect the

mimic from being eaten. The experi-

ment, therefore, offered strong evi-

dence in favor of Bates' theory. The

final, essential support, so long over-

looked by naturalists, depended again

upon the control toads. By eating the

droneflies at the beginning and end of

the experiment, they proved that the

dronefly was palatable, and was thus

a true, visual, Batesian mimic.

IT is interesting to compare the re-

sults of the honeybee-dronefly ex-

periments with those of the bumblebee-

robberfly tests. Were the two models

equally noxious? Were the mimics in

each instance protected to the same
extent from being eaten by the toads?

The results showed that the three ex-

perimental toads attacked a total of

nine out of fifty-one bumblebees (18

per cent
)

, whereas in the experiments

with honeybees, the twenty-two exper-

imental toads seized seventy-seven out

of one hundred and ten (70 per cent)

.

This indicated that the bumblebee is

more noxious to toads than is the

honeybee, because fewer trials were

needed to teach the toads to reject the

former on sight. This is undoubtedly

attributable, in part, to the bumble-

bees' being larger and possessing more
toxic substance than do honeybees. In

addition, bumblebees can inject the

poisonous fluid into an attacker re-

peatedly, while honeybees can sting

only once. Was this difference also re-

flected in the percentage of mimics

eaten by the experimental toads in the

two experiments? The results indica-

ted that it was: only two out of a total

of thirty robberflies (7 per cent) were

attacked ; however, nine out of twenty-

two droneflies (41 per cent) were

seized. These results fit one part of the

mimicry theory very nicely. Students

of natural selection have reasoned that

the more noxious the model, the more
protected the mimic would be from

predation. The bumblebee and honey-

bee appear to exemplify, for the first

time, a situation in which two levels of

noxiousness do confer differing de-

grees of immunity to attack by toads.

These experiments are only the be-

ginning of a vast amount of basic bio-

logical research necessary to under

stand more fully the evolution o:

mimicry. One particularly interesting

but as yet unsolved problem concern!

the possibility of an additional reasoi

for the mimicry of the bumblebee b)

the robberfly. These flies are common
ly known as bee killers because the)

prey on Hymenoptera by preference

although if bees are scarce, the fliei

will eat large beetles, bugs, and grass

hoppers. In the course of our field re

search, we kept records of the kinds

of prey that robberflies were seen tc

attack, and found that the bumblebee

was the favorite food of Mallophori

bomboides, the robberfly that resem

bles the bumblebee. The manner ir

which the robberfly seized its prey was

precise and swift. It would perch or

a stalk in a vertical position about ont

to three feet from the ground. As ;

bumblebee rose from feeding at a near

by blossom, the fly rapidly flew to tht

bee from above and behind it anc

grasped the dorsum with its long hair)

legs. Then the robberfly immediatel)

drew the bumblebee toward its body!'

inserted its mouthparts into the bee's

thorax, and injected a substance thai

paralyzed the bee almost instantane

ously. The fly then returned to a stalk

often the same one from which it had

begun the attack, and, in a vertical

position once more, proceeded to dl

gest the prey externally by pumping

its digestive juices into the bee. This



icd the soft tissues of the bee to

efy, and the fly sucked in the re-

ng fluid. The feeding process took

r.oximately five to ten minutes to

plete. Afterward, the empty exo-

eton of the bumblebee might be

adhering to the plant stem.

t'J V. have suggested that the mim-
'/ icry of the bumblebee by the

•jberfly may facilitate the mimic's

i loitation of its model as food. This

n ins that bumblebees would tend

K lefend themselves more successfully

;l inst those forms of the robberfly

I t least resemble it. On the other

ll id, those robberflies that closely

i: Itate the bumblebees would tend not

be noticed until it was too late for

a bee to defend itself or to escape. This

would favor the survival of robberflies

that look like bumblebees, and thus

would bring about the evolution of

mimicry. Experiments to test this idea

have not yet been conducted. A possi-

ble |jrocedure would be to confine the

insects in a room-size screen cage.

Thus, one could observe large numbers
of a robberfly species that closely inim-

ics the bumblebees actually attacking

them. Then, robberflies of a species

that does not resemble bumblebees

could be introduced into a similar

cage with bumblebees. The relative

success of both robberfly species in at-

tacking bumblebees could then be com-

pared. Batesian mimicry, which was
described in the toad experiments, and

the suggested aggressive mimicry, both

favor the enhancement of the resem-

blance between the mimic and the

model. There is no reason why the two

selective forces could not work togeth-

er and be cumulati\e in their effect.

FUHTllKls experiments on the flegree

of protection afforded the mimic

by a verv noxious model in compari-

son to one less so. the duration of mem-
ory of the predators, and their discrim-

inatory ability are a few of the im-

portant points to be studied in the

laboratory and in the natural environ-

ments of the animals. Complicated

and fascinating groups of tropical in-

sects, and even Bates' classical butter-

flies, still remain to be investigated.

Toad eats dragonfly, demonstrating

discrimination. Also, the toad proves

it is hungry, thus eliminating satiety

as a reason for rejection of robberfly.





fcPart II

Qart Hadasht
Despite scant artifacts, tombs and tophets hint at Punic life

By Kenan Erim Illustrations by Hans Guggenheim

THE Romans who conquered Car-

thage in 146 B.C. (Natural His-

tiu;y, March, 19621 performed their

lask of destruction all too well. Al-

lliiiugh they may have failed to raze

i'\erything, succeeding generations—

Ixith barbarian and Arab—eradicated
riKist remnants of Punic Carthage. It

w as not until the nineteenth century,

with the reopening of North Africa to

W estern travelers, that the first excava-

tions of the site were undertaken. Even

tlien, much destruction and looting

occurred at the hands of amateur

archeologists and antiquity-peddlers.

In view of the French presence in

Tunisia, it is logical that French schol-

ars and archeologists have contributed

most extensively to Punic studies.

Charles Ernest Beule was the leader of

the first systematic explorations and

excavations of the site in 1859. He
concentrated particularly on the hill of

B) rsa. regarded—because of its posi-

tion—as the core of the Punic settle-

ment. The latter part of the century

witnessed increased activity on the site

by the French Direction des Antiquites

in Tunisia: R. P. Delattre and Paul

Gauckler examined several cemeteries

of Punic character, and the remains

of Carthage's harbor installations.

In 1922. the discovery of a large

number of votive steles near Salammbo
delimited the "sacred area" of Car-

thage, the so-called tophet. In the

1920 s. an American expedition from

the I'niversity of Michigan also par-

ticipated in the exploration of the to-

phet. In recent years, this area has

continued to attract the attention of

such archeologists as Gilbert Charles-

Picard and Pierre Cintas, and has

proved to be much larger than had
been anticipated. The harbors of Car-

thage—described by the ancient his-

torian Appian—were certainly Car-

Statue of Tanit at temple close to

ai Carthage dates from third century B.C.

Representation of the god as having a

I

:
lion's head betrays Egyptian influence.

thage's most prized assets. They have
been the object of continuous study

since the start of the present century.

Artifacts recovered from various ex-

cavations and explorations are today

mostly in the Bardo and Lavigerie

Museums in Tunis. But Punic monu-
mental remains are nearly nonexist-

ent. The few available consist mostly of

tombs, tomb furniture, or foundations

of an unspectacular character, gener-

ally the foundations of fortifications.

Despite the sparsity of such remains,

it is possible to reconstruct hypothet-

ically and very approximately the

areas occupied by Punic Carthage. The
earliest archeological evidence un-

covered, near Salammbo, does not par-

ticularly conflict with the legendary

date for the foundation of the city. This

evidence consists of several Cyprio-

Phoenician vessels that can be dated to

the eighth century B.C. However, it is

normal to assume—and scholars do so

—that there must have been a Phoeni-

cian emporium on or near the site of

the future "New City"
( Qart Hadasht,

or Carthage) prior to the arrival of

Tyrian emigrants, the city's legendary

founders. The tophet is situated in the

core of this early settlement, at Sal-

ammbo. on the height known as the

hill "Saint-Louis." which is almost cer-

tainly the fortress of Byrsa. The city

of Carthage itself must have extended

gradually from the shore toward the

interior and along the coast.

WHAT are probably remains of the

city's great fortifications have

been found in the western angle of the

site. The defenses appear to have been

formidable. Historical sources speak of

walls to a total length of fifty-six miles,

and some of these were as much as

twenty feet thick. Square towers were

built at intervals along the walls. The
commercial center of the city is be-

lieved to have stretched between the

height of Byrsa and the harbors. Con-

struction must have been multistoried

within the city, but elegant houses and

palaces sprawled out to the north, into
the rural area that is known as Megara.

Punic civilization having been es-

sentially mercantile, it is normal to

conclude that the New City's political

aims were conditioned by trade and
industry. The very structure of the
Carthaginian Empire suggests that the
widespread Punic emporiums were not
estabhshed exclusively as ports of call

for Carthaginian merchants in search
of raw materials. Rather, they were
selected as starting or terminal points
for a traffic in large quantities of goods
that the Carthaginians either proc-
essed or traded. The latter commodi-
ties included gold and ivory from
Africa (as well as slaves I

, grain, wine,
and olive oil from Sicily, and silver

and copper from Spain and Sardinia,
Among the processed goods exported
by the Carthaginians were, presum-
ably, pottery and textiles (including
the famous purple cloth of Tyre

)
, em-

broideries, unguents, jewelry, and fur-
niture. The fragile character of most
of these items makes their archeologi-
cal preservation improbable.

NONETHELESS, it is odd that ma-
terial evidence for Carthaginian

presence or commerce is rarely found
in the various points that we know
from historical evidence were reached
by the Punic expansion. Furthermore,
it is likely that in many instances the
Carthaginian traders acted merely as
middlemen in the transfer of commodi-
ties manufactured elsewhere. Still, the

archeologist would be a happier man
in the unlikely e\ent that some "type
fossil" of Carthaginian trade—say, a

distinctive kind of pottery—were to be
identified in the New City and were
then found at the many sites the Punic
merchants are known to have visited.

The very nature of its activities and
its historical background make Punic
civilization and culture extremely dif-

ficult to conjure up. The international

contacts of the Carthaginians, as well

as those of their Phoenician brethren.



Greek influence shows in Punic masks and razor. Masks
may be, from left, image of Tanit, a satyr, and mask worn

by a dancer or an actor. Egyptian-style bronze razor, found

at Utica, bears a scene of Hercules fighting the Minotaur.

colored and influenced their evolution

—their arts, architecture, and crafts.

The historian Appian, of the second

century A.D., gives us a description of

Carthage, but his account lacks preci-

sion. The capital was undoubtedly

adorned with monuments worthy of

the New City's position and the wealth

of her citizens, but as noted earlier, the

remains unearthed by archeologists

are so scanty that even foundations

available for careful study and even-

tual, conjectural reconstruction are

rare. The few sections of fortification

wall extant on the site—near the sea,

at Byrsa, and in the vicinity of the

lagoons where the ancient harbor in-

stallations are believed to have been

located— reveal the use of large, square

or rectangular blocks of stone, either

superimposed without any mortar, or

sometimes with a binding made of

small stones mixed with a sandy

cement. Other haphazard remains

show the use of stucco, often decorated

or carved, over stone walls, and fluted

columns definitely of Greek or Egyp-

tian inspiratifin. Thf folumns showing

Egyptian influence were surmounted

by capitals that represented a lotus or

a head of Hathor, the Egyptian god-

dess of love and merriment. Because

the cow was sacred to Hathor, the god-

dess was often depicted with a cow's

head or ears. The Greeks identified

Hathor with Aphrodite.

It can be assumed that brick con-

struction, concrete, and rammed earth

(pise) work were known to the Car-

thaginians. Concrete, at least, would

have been almost essential for certain

types of harbor and jetty installations.

THE most abundant testimonies of

Punic civilization stem from

tombs and necropolises. Not only do

these burial places sometimes give a

few hints of architectural conventions

in general, but also, above all. they

illustrate remarkably well the beliefs

of the Carthaginians, especially in

matters of religion. Excavations reveal

that funerary practices varied from

period to period and from one class of

society to another. Both inhumation

and cremati(jn are encountered.

The earliest tombs, dating from the

seventh century B.C., consist of cham-
bers cut out of the bedrock or built up

with masonry. From the fourth cen-

tury B.C. on, vertical shafts were dug,

in the manner of wells, frequently to a

great depth, with chambers opening on

one side of the shaft, one above an-

other. The shaft was filled up gradually

as each side chamber was used, and
generally each chamber contains more
than one burial. In later periods, both

the depth to which the shaft was sunk

and the dimensions of the chambers

themselves appear to diminish. In a

few instances, some remnants of super-

structures indicate the presence of

mausoleums that were aboveground at

the head of the shaft.

The presence in these tombs of such

grave furniture as pottery, jewelry,

and toilet articles is interpreted as in-

dicating a belief in an afterlife. It is

difficult to conclude from available evi-

dence whether a cult of the dead or a

hope for a better life after death \

existed, although some foreign influ-

ences must have made themselves felt



hrough the Greek mysteries of De-

neter and Kore. undoubtedly known to

he Carthaginians from Sicily, and the

Cgvptiaii cults of Osiris and Isis.

1 /Tlcm information concerning

\\_ Punic religion is obtained from

•xcavated remains of another sort:

he votive offerings and the inscrip-

ions. Thanks to these testimonies.

nany names of divinities and aspects

)f their cults are preserved, and these

ndicate close and continued relation-

hip between Carthage and Phoenicia,

("he two divinities almost constantly

lamed or invoked are Tanit and Baal

^ammon. Tanit, possibly an African

ariation of the Phoenician Elat or

Vsherat (later assimilated to the

Ionian Juno and Caelestis I , was a

unar goddess of fertility. Baal Ham-
non ( literally, the "Master of the

steles" I was—like Tanit—a sky god.

)erhaps a mixture of the chief Phoe-

lician divinit) , El. with an indigenous

jod of North Africa. Other deities,

ike Melqart, Eshmoun. and Astarte.

ire mentioned in inscriptions: an im-

portant temple atop the citadel of

Byrsa was dedicated to Eshmoun.
Although these divinities appear

generally to have been anthropomor-

)hic, older and more primitive tradi-

ions of representing them by certain

iigns-encountered on ex-voto inscrip-

tions—jirevailed for a long time. The
so-called sign of Tanit. for instance,

consists of a triangle with a horizontal

line on the top angle lengthened on
both sides by two "elbows," and a

circle or discus. In other instances, a

simple raised stone—known as a baetyl

—seems to have served as a primitive

symbol or image of the divinity.

The most formidable force of the

Punic pantheon was without a doubt

Baal Hammon. To win his favor, to

expiate a sin, or to placate his anger,

the worshiper had to offer a sacrifice,

and the sacrifice was indeed the essen-

tial part of the religious act. Human
immolation appears to have been a

very common sort of sacrificial act;

more particularly, the sacrifice of chil-

dren, especially the first-born. Al-

though substitutions were possible

(either a slave, a lamb, or a portion of

meat
)

, Baal did not seem to be satis-

fied easily with anything but young,

human flesh. This shocking ritual,

identified in the Bible as a Canaanite

practice (see Genesis, chapter 22:1-18,

in which Abraham prepares to sacri-

fice his first-born, Isaac, to Jehovah I,

attracted much attention and anti-

Punic propaganda in Roman times.

There has been considerable specu-

lation as to the actual existence of child

sacrifice in Carthage, a concept that is

alien to modern man. There can be no

doubt, today, that this ritual was a
reality: in the tojjhet. the sacred area

reserved for the burial of sacrificial

victims, thousands of urns filled with

calcinated bones have been unearthed,

and epigraphical evidence clarifies all

too well the origins and purposes of

these ceremonial burials.

The excavations of .Salammbo re-

vealed that the earliest of these urns
were placed directly on the bedrock
and then covered with a heap of

gravel; once the tophet was filled, the

terrain was strewn with sand to pre-

pare new ground, and new urns were
buried with the ashes of the innocent

victims, often grouped in twos and
threes and fitted with a cippus, or

gravestone, on top. In the later burials,

an inscribed stele tends to take the

place of the cippus. More than five

thousand steles have been found: they

bear inscriptions that were dedicated

to Tanit and to Baal Hammon.

THE temples to the two divinities,

especially that of Baal, must have

been near this tophet of Salammbo.
Unfortunately, no trace of them has

been uncovered, as is true of most

other sacred or public buildings men-
tioned by ancient writers. It is more
than likely that the temples of Car-

thage, like their eastern antecedents,

included a sacred precinct surrounded

Pottery .4Rtifacts include jars and perfume burners that

were of ritual significance. The jar that is shaped like a

bull, perhaps imported from Sicily, was found at Cape Bon.

Anthropomorphic vase at right was made in form of woman.
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Carthaginian techniques still influence potters in North Africa

\^'hile doing research in North Africa

for the illustrations for Dr. Erim"s ar-

ticle. Mr. Guggenheim was struck by

parallels between current pottery tech-

niques in the area and their antecedents

in antiquity. His observations are pre-

sented on this page. Mr. Guggenheim is

indebted to M. Pierre Cintas. on whose

book Ceramique Punique much of this

material was based, for his co-operation.

0\E can still observe the living

tradition of Carthaginian pot-

terv-making at the village of Nabeul,

on Cape Bon. and on the island of

Djerba, which is off the Mediterra-

nean coast of Tunisia.

When Phoenician settlers first ar-

rived at Carthage lea. 814 B.C.I they

brought w ith them turned pottery and

the technique of making it. Partly be-

cause of Carthage's inferior clay, the

settler's work was cruder than Phoe-

nician ware, which they imported in

quantity. This trade lasted until Sar-

gon's troops occupied Phoenicia in

766 B.C.. and even afterward it contin-

ued to some extent until Nebuchadnez-

zar's victory over Tyre in 587 B.C.

From then on Carthage relied exclu-

sivelv on her own pottery manufac-

ture, and Punic pottery was distribu-

ted throughout Carthage's trading

world. Remains of Punic pottery have

been found from Gabes in southern

Tunisia, to Gouraya, in Algeria, and

from Motya. .Sicily, to Ibiza, Spain.

Three main categories of pottery

have been found. Large jars known as

amphorae were used in wall construc-

tion, placed upright in long rows, with

layers of dirt between the rows. The

pieces have been excavated in an

almost perfect state. The second cate-

gory comprises pottery found in sanc-

tuaries. All these pieces were connec-

ted with ritual sacrifice of the first-

born. These urns, meant to hold the

ashes of the young victims, were made
in large quantities and were probably

sold at the entrance to sanctuaries.

Over the centuries, various levels of

urns were gradually built up at the

burial sites, and because urn forms

changed from time to time, it is pos-

sible to establish a complete chronol-

ogy on the basis of stylistic analysis.

Tomb potterv forms the third cate-

gory, which can be divided into two

classes: objects of ritual importance

and utilitarian objects placed in tombs

for the use of the dead. The latter

provide insights into the lives of the

peasants, who used handmade pottery

derived from a local, neolithic tradi-

tion that preceded the coming of the

Phoenicians and that has persisted

until the present. The pottery pro-

vided for the upper classes, on the

other hand, reflects significant waves

of influence that became fashionable

at various times in Carthage: Phoeni-

cian. Egyptian, and Hellenistic.

From excavations at Carthage and

observation of today's artisans, we
know of Punic pottery-making meth-

ods. Deposits of clay for certain kinds

of Punic ware have been found and

analyzed. The Carthaginians prepared

the clay by treading on it, gradually

spreading it with their feet into a

circle, working from the center out-

ward. This is still done at Nabeul.

Wheel-turned pottery was also

made, and a Carthaginian potter's

wheel has been excavated. The wheel

was a heavy, circular plate with a

carved centerpiece serving as pivot. It

must have been worked by two men,

one sitting and throwing the clay, the

other standing, turning the wheel.

At Deremesh, near Carthage, the

six-foot-high remains of an almost

complete furnace have been discover-

ed. The furnace was in use when Scipio

destroyed the city in 146 B.C. Since

Carthaginian kilns were of the same
light construction as those used today

in Tunisian villages, they had to be

destroyed and rebuilt periodically.

The destruction of Carthage preserved

the furnace and gave it a precise date,

confirmed by archeo-magnetic dating.

The kiln consisted of an elliptical

chamber covered by a high, cylindri-

cal chimney closed at the top by a

dome. An open shaft, separated into

two floors, divided the inside into two

concentric circles. Jars were arranged

for firing, according to the heat they

needed, in the two chambers formed

above the furnace. Heavy potter\ was

placed around the central shaft. From
the heating chamber a small door led

into the fire chamber — charred wood
and ashes were found in it.

Once the furnace had been loaded

with pottery, the flames were kept low

for some twenty hours, after which

they were fanned to great intensity for

five to six hours. A brick wall was then

built in front of the furnace door and

the fire was allowed to burn out. After

two more days the wall was knocked

down, and following a cooling-off

period of some twelve hours, the pot-

tery was removed. With the kiln,

much pottery of varied forms was dis-

covered, neatly stacked and ready to

be sold in an adjacent store. Even pots

of brown and white paint, used to dec-

orate the jars, were found.

The forms of pottery made today

have changed in detail, but basic

methods of production are the same.

Potters spread clay before kilns in a

reconstruction of Carthaginian scene.
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Potter forms vessel in the village of Nabeul, on Cape

Bon. Pottery-making in regions of North Africa appears to

parallel methods used by Carthaginians. At JVabeul. clay is

prepared by treading on it. as it was done in Punic times.
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Iiy a wall enclosing a square court in

which the temple housing the shrine

and the cult-image was situated along

with various other edifices, altars, lus-

tral areas, and priestly dwellings.

SOME of these temples may well have

been located on hills and moun-
tain tops: the temple of Eshmoun was
situated on the citadel of Byrsa, if one

is to believe Appian. On the other

hand, many shrines are known to have

been on lower ground or by the shore,

and such may have been the case with

those of Tanit and Baal. The archi-

tectural design of these temples is diffi-

cult to visualize. However, from the

fourth century B.C. onward, Greek in-

fluences—indicated by certain archi-

tectural fragments that have been un-

covered—must have been strongly felt,

and religious structures may well have

closely resembled Greek temples.

The same Greek influence holds true

in the field of sculpture: little origi-

nality is displayed in most Carthagin-

ian representational art. and the Punic

debt to their Hellenic (especially

western Greek) and Egyptian neigh-

bors is evident. This can be verified by

discoveries not only in Carthage but

also at other Punic sites of North

Africa. The most original creations of

the Carthaginians were various amu-

lets and prophylactic masks found in

the tombs dating to the seventh and

sixth centuries B.C.: these artifacts,

some of which were made of terra

cotta or colored glass, represent men
or women with exaggerated features

and appearances—often grimacing and

with frightening contortions of the

face—seemingly intended to put evil

spirits to flight. Their sizes vary, but

none is life-size. Consequently, the

larger masks may have been hung

upon walls—or, possibly, worn by

children—while the small ones pre-

sumably served as amulets.

PUNIC pottery offers few unusual

shapes and types. The most plen-

tiful vessels are the sacrificial urns.

They are ovoid in shape and gray in

color, with two rather large handles.

These and other types of Punic pottery

indicate that the potter's craft here was

utilitarian, and not a form of fine art,

as in Greece. In jewelry, however, the

goldsmiths and silversmiths of Car-

thage, like their Phoenician com-

\j.c\hM2i9

imnEi

Carved stele, near Carthage, marks
grave of child sacrificed to Baal, left.

Variations appear in signs of Tanit

on steles, above. Among other motifs

are Tanit's hand, a tree, a boat, and
less common representations of priest.
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Dr. Erim, of New York University,

concludes here bis articles dealing
«ith Carthage. The illustrator, Mr.
Guggenheim, has a Charles Kriser
Fellowship in anthropology at N.Y.U.

patriots, produced many handsome
creations. Some of the tomb finds

testify to their skill, while a great many
bracelets, necklaces, and pins discov-

ered by archeologists in the western

Mediterranean may well be considered

of Punic manufacture or inspiration,

because of their resemblances to Phoe-

nician as well as Punic types. Punic

artisans were especially successful in

the repousse and grenetis techniques of

goldsmithing. In repousse work, a re-

lief design is hammered into the metal

from the reverse side. The grenetis

method consists of forming a pattern

or motif on a metal surface by apply-

ing tiny beads of metal. The beads

were sometimes of silver or gold.

NEITHER the lack of an obvious cul-

tural heritage from Punic civili-

zation in the world of today nor the

curse that Roman tradition placed on

the name of Carthage should lead one

to neglect the real achievements of the

Carthaginians. Although the role

played by Phoenician as well as Punic

culture in the development of Western

civilization often appears hazy and un-

certain, its importance increases as

each new archeological discovery is

made in the region. It is a mistake to

dismiss these peoples as mere mer-

chants, peddlers, and pirates, or to

stress only their maritime achieve-

ments. The Carthaginians' practical

sense, and their knowledge alike of the

boundless sea and of the souls of men,

led them to reach a maturity all their

own in political, social, and economic

institutions. It is a pity that so few of

these Punic achievements are easily

grasped. Although Carthage died with-

out apparent spiritual posterity, the

least today's student can do is to at-

tempt to dispel the magic cloud of

Punic myth, this antique symbol of

wealth, materialism, and tragedy. The
true picture, however unspectacular it

may be, deserves consideration, since

the thankless task of the Carthagini-

ans was to bring a portion of civili-

zation with them wherever they went.

ToPHET OF Sai.ammbo was the scene of

child sacrifices. Temple of Baal was
al right, gale to the burial caves at rear.
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ORDOvicrAN Pancaea, surrounded by
Panthalassa, broke up to form today's

continents, according to Grabau's drift

theory. Note Boston at southern icecap.
180'



The 'Drifting'

Continents
Theories on floating lands vary widely

By J. Wyatt Durham

STUDENTS OF EARTH HISTORY find

certain facts that are not easily

explained if they assume that the con-

tinents and ocean basins have always

had the same relative positions as at

present. To explain these facts, some
scientists ( including geologists, biol-

ogists, and physicists I have proposed

that our present continents were once

parts of one or two large "super-con-

tinents" that have since fragmented

and "floated" or "drifted" over the

surface of the globe into their present

positions. This is the theory of "conti-

nental drift," or "floating continents."

Opposed to this theory is one of the

"permanency of the continents and

ocean basins." Four groups of trouble-

some facts have led to the proposals of

continental drift: these facts are clima-

tological, geological, biological, and

physical in nature. Let us look at these

facts in that order.

Some of the climatological facts are

striking. Characteristic rock deposits

(glacial drift I and giant scratches on

a smoothed rock surface (glacial

striae) give incontrovertible evidence

that during the Permian period — per-

haps 225 million years ago — there

was widespread glaciation in the con-

tinents of the Southern Hemisphere

and in peninsular India. Today, these

are areas that are within the tropical

or temperate zones. Further, the gla-

cial striae found on the surface of the

ancient bedrock in these areas show

that the ice flowed outward from the

centers of cold, glaciated areas — and

not into the area from some colder

place. Similarly, evidence now avail-

able indicates that widespread glacia-

tion occurred in most of these same

southern lands during the Devonian

period, perhaps 60 million years ear-

lier, and nearly 300 miUion years be-

fore the great Ice Age of the Pleisto-

cene. Another anomaly is the existence

of tropical types of organisms in areas

where temperate and frigid climates

now prevail: for instance, coral reefs,

dating to the Cretaceous, in the Alps

and Argentina, and a reef of Triassic

date in Alaska. Likewise, deposits of

coal, implying a luxuriant vegetation

unlike that now present in these areas,

are found not only in the temperate

zones but also in high latitudes such as

northern Alaska and Spitsbergen in the

North, and Antarctica in the South. To
be explained adequately, all these oc-

currences require climates other than

those now existing in the same areas.

PASSING from climatological to geo-

logical considerations, the late

Paleozoic and early Mesozoic sedi-

mentary rock sequences of Brazil and
Argentina are strikinglv alike in com-

position, character, and grain size to

those of South Africa. The parallel

indicates a similar depositional en-

vironment and. seemingly, a common
source of materials. Similar rocks oc-

cur in India and Australia. The name
"Gondwana System has been applied

to these largely non-marine rocks. Be-

cause of their wide distribution and
the significance attributed to them by
geologists, the International Geolog-

ical Congress has a Permanent Com-
mission for the Study of the Gond-

wana System as an official part of the

organization. Areas along the coast in

western Europe and Britain where old

mountain ranges formerly existed —
known as the Caledonian and Hercy-

nian erogenic belts — closelv match

the coastal ends of ancient mountain

chains in northeastern North America.

These similarities between continents

on opposite shores of the Atlantic
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would be easier to explain if the con-

tinents had once been close together.

NEXT, biological data that have been

interpreted as favoring continen-

tal drift are numerous, but only a few

instances can be cited here. One of the

outstanding facts in this category is

the common occurrence of the pe-

culiar "Glossopteris flora" in the Per-

mian of South America, Africa, India,

Australia, and Antarctica. In contrast.

there are only two Glossopteris records

in the northern continents. Glossop-

teris was a plant with "tongue-shaped"

leaves that has recently (1956) been

shown by Edna P. Plumstead of South

Africa to possess reproductive struc-

tures arising from the leaves and un-

like those of any other known plant.

In contrast to the highly diverse, con-

temporary "Euramerican flora" of the

northern continents, the Glossopteris

flora is composed of only a few kinds

of plants. This particular fossil flora is

found primarily in the various places

where late Paleozoic Permian glacia-

tion occurred.

Many of the unusual characteristics

of the Glossopteris flora have been as-

cribed to the severe climates associated

with glaciation when great areas of

the continents south of the Equator

were completely covered by glaciers.

According to Dunbar's Historical Geo-

logy, ''South Africa has the most spec-

Carboniferous North Pole^

• Permian North Pgie-

\3
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acular evidence of glaciation. . . . The

;ecap covered practically all of south-

rn Africa up to at least latitude 22°

I., and also spread to Madagascar

which was then part of the conti-

lent). There were three or four cen-

ers of movement, but the greatest

eems to have been in the Transvaal,

vhich then was a plateau from which

he ice moved southwestward for a

listance of at least 700 miles." In

ontrast to the late Paleozoic diver-

sification and restricted regional dis-

tribution of terrestrial floras, those

of the middle Paleozoic were of uni-

form character and widely distributed.

During the Devonian, a marine

fauna, characterized by the brachio-

pods Leplocoelia flabellites and

Spirifer aniarcticus, was present in

southern South America, South Africa,

the Falkland Islands, and Tasmania.

This noteworthy fauna had few ele-

ments in common with contemporary

faunas of more northern lands. Be-

cause of its distinctiveness, the Ameri-

can geologist John M. Clarke once

postulated a southern "Flabellites

land," named after the first of these

brachiopods, to explain the distribu-

ti(jn of the fauna.

Let us now consider the final cate-

gory of troublesome facts. An impor-

tant finding of the last two decades has

been the discovery that the ferromag-

netic minerals present in many kinds

i

^Permian South Pole

Carboniferous South Pole' Permian and Carboniferous land mass
was postulated by Wegener on basis of

similarity betw een South American and
African coasts, with the mid-Atlantic

ridge between, and by the Glossopteris

flora (inset), shown by squares on map.
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of rocks are aligned in a pattern re-

flecting the orientation of the earth's

magnetic field at the time the rocks

were formed. By careful study of this

phenomenon, geophysicists — espe-

cially the group working with S. K.

Runcorn, now at the University of

Durham. England — have been able to

reconstruct the orientation of the

earth's magnetic field in several dif-

ferent epochs of the geologic past.

They have shown that the north mag-
netic pole has occupied a series of po-

sitions in the North Pacific throughout

much of geologic time. Only in com-

paratively recent geologic time has

the north magnetic pole approached
the present position of the earth's rota-

tional pole. The geophysicists have

demonstrated that, during this "mag-
netic polar wandering," contemporan-

eous rocks in western Europe and
North America indicate somewhat dif-

fering positions for the magnetic north

pole. Further, they show that, if one

postulates a gradual westward drift of

North America from Europe through

geologic time, these differences can

be reconciled. The paleomagnetic evi-

dence would also indicate that penin-

sular India was at one time south of

the Equator and has since moved
northward several thousand miles (

a

conclusion that is in accord with the

evidence of Permian glaciation in that

land). One of the interesting, and as

\et unexplained, facts uncovered by
the study of paleomagnetism is that

there is an occasional complete rever-

sal of the earth's magnetic field, with

the north and south magnetic poles

exchanging positions for short (geo-

logically speaking I periods of time.

Anumber of geologists and other

scientists have attempted to ex-

jjlain some or all of the above-noted

data by somewhat differing hypothe-

ses that fall in the general category of

f:ontinental drift. In America, the ear-

liest such proposal seems to have been

made by Professor Piichard Owen of

the University of Nashville. In 1857,

he proposed (in his Key to the Geol-

of^y of the Globe) that the continents

were formed by the fragmentation of

a .single, large land mass, pushed apart

by a mysterious electrical force whose
ultimate source was the sun. Owen's

hypothesis was built on fact and sup-

position, and received little attention.

In more modern times, several dif-

ferent versions of drift have been pro-

posed. In 1940. near the end of a long

and outstanding career, the distin-

guished geologist Amadeus Grabau

published his Rhythm of the Ages. He
considered that the major episodes of

earth history resulted from the inter-

play of alternately expanding and con-

tracting ocean basins—the "pulsation

theory"—and the wandering of conti-

nents over the surface of the earth.

"All through the early eras of [the

earth's geological] history," says Gra-

bau. "the Archaeozoic and the Palaeo-

zoic, ihe earths surface was divided

into a southern Pangaea and a north-

ern Panthalassa-, and though the

former shifted about in obedience
chiefly to gravitational urge, and in

so doing displaced the shores of the

ocean, it remained intact until after

the end of the Palaeozoic, which, to-

gether with the Archaeozoic, com-

prised by far the greater part of time

since the appearance of the lands."

Grabau considered that the poles were

permanently inclined to the earth's or-

bit and that thus there were always

strongly marked climatic zones that

had polar icecaps—the "polar control

theory". The moving crust of the earth

shifted the continents in and out of

different climatic zones, thus account-
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Paths of north magnetic pole, based

on British and American rock sites,

seen as gray and white respectively.

Inset depicts Runcorn projection.

ng for the evidences of glaciation or

ropical climates in areas where these

conditions are not now present.

In 1953. the Indian geologist K. P.

Rohde published "A New Theory of

Sheet Movements and Continental Ex-

Dansion," in which he proposed that

he continents have expanded by fan-

ning out like playing cards from a

slose-packed deck.

A currently very active proponent

of the drift theory is Nationalist Chi-

nese geologist Ting Ying H. Ma, who
publishes his own series. Research

on the Past Climate and Continental

Drift, which now totals some fifteen

volumes. Ma believes that the conti-

nents were originally all part of one

large land mass, and that their drifting

apart can be attributed to the disturb-

ance of crustal masses caused by the

''sudden total displacement of the solid

earth shell," and he presents an in-

genious assemblage of facts and infer-

ences to support his theory.

A few decades earlier, in 1915, the

German meteorologist Alfred Wege-
ner, in attempting to account for the

different distribution of climatic zones

in the past, presented a version of con-

tinental drift that has attracted serious

attention. He pointed out the similarity

in outline of the eastern South Amer-

ican coastline and the West African

coastline, and suggested that the con-

tinents had drifted apart from a single,

original land mass. Wegener improved

and altered his hypothesis as more
data came to his attention, but it was

left to one of his followers, Alexander

L. Du Toit, to modify it significantly.

In 1937. Du Toit suggested that there

had been two primordial continents:

a northern Laurasia ( Europe, Asia,

and North America I and a southern

Gondwanaland ( the southern conti-

nents plus peninsular India), sepa-

rated by a seaway (Tethys) and sur-

rounded by the primordial ocean. He
also made allowances for the mid-

Atlantic ridge and the continental shelf

bv leaving an appropriate space be-

tween the present shore lines of Africa

and South America. Both Wegener
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Owen, in 1857, believed that South

America once lay on top of Africa, and

that the land mass was split apart by

electrical forces. His own map is inset.

and Du Toit considered that the con-

tinents did not begin to separate and

move toward their present positions

until late in the Mesozoic era, perhaps

100 million years ago, with the major

movement occurring within the Ter-

tiary period, during the last 70 million

years of earth history.

WEGENER and Du Toit marshaled

much impressive evidence, both

geological and biological, in support

of their theories. With the passage of

time, however, the latter commented
in 1944: "Geological evidence almost

entirely must decide the probability

of this hypothesis [continental drift]

for those arguments based on zoodis-

iribution are incompetent to do so."

Nevertheless, Du Toit, like Wegener
before him, used paleontological evi-

dence both to date events geologically

and thus to establish the time when the

continents separated from one another,

and to support their theories of the

former proximity of land masses.

Continental drift of the type pro-

posed by Wegener and Du Toit has

been seriously considered by the geo-

logical public and has waxed and

waned in popularity. North Americans

have generally been the most reluctant

to accept it, while geologists working

in South Africa and India have often

been its strong proponents. Since

World War II, the findings in the

field of paleomagnetism — especially

the differing orientations of the mag-

netic field in times past—have given

the hypothesis new life. Today, it is

again receiving serious consideration.

Recently, Bruce C. Heezen of Colum-

bia University has suggested that the

mid-oceanic ridges, such as the mid-

Atlantic ridge, with their commonly
attendant fracture zones, which appar-

ently are due to tension, indicate that

the earth has been expanding instead

of contracting and that, in conse-

quence, the continents are moving

farther and farther apart. While this

view is not continental drift in the

usual sense, it more or less envisions

the continents moving with respect to
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one another, and thus shoulfl l)e classed

in the same category. This hypothesis

is so new and radical that it has not

yet been adequately evaluated.

EviDKNCE against continental drift

is likewise imposing, and is of

several kinds. Both the Wegener-Du
Toit version and that indicated by the

findings of paleomagnetism require

considerable movement of North
America awav from Europe in Tertiary

time. Fortunately, geologists are able

to apply the principle of uniformitari-

anism — the principle that the laws of

nature operate today as they did in

the geologic past — with considerable

confidence in the Tertiary. Faunas and

floras of that period are closely related

to those now living. We feel sure that

their distribution was controlled by

the same factors as at present, and that

if the continents had changed posi-

tions, the distribution would have been

affected. For instance, North Amer-

ican upper Eocene faunas from the

East Coast and the Gulf of Mexico

have only about 2 per cent of the

s|)ecies (jf Mollusca identical with, or

closely related to, those of similar age

in western Europe. By way of com-

I)arison, about 8 per cent of the living

faunas of the same regions are iden-

tical species. If the two areas were

closer together during the Eocene than

at present they should have had a

greater number of identical species

than at present. Thus, the relationships

of early Tertiary marine faunas on the

opposite shores of the North Atlantic

militates against continental drift.

A similar analvsis of the Devonian

Spirijer anlarcticus fauna of the

Southern Hemisphere shows that if

the faunas of Brazil and South Africa

were as close together geographically

as most versions of drift require, there

should have been greater similarity

than is now recognized between them.

Another strong bit of biological evi-

dence against the existence of drift in

later geologic time is the composition

of the land mammal fauna of South

America. Almost all of the Cenozoic

terrestrial mammals of South America

are obviously derived from ancestors

Sudden displacement of earth's shell

is Ting Ma's explanation for drift. He
hypothesized on basis of fossil coral

I dots). His projection is inset below.



that once lived in North America,

rather than in Africa. The geologic

evidence indicates that most of the an-

cestral emigrants from North America

arrived in South America very early

in the Tertiary, thus demonstrating

that Africa and South America were

distant from one another at this time.

Proponents of continental drift have

usually neglected the effect of sug-

gested closely approximated continen-

tal positions in the past on the distri-

bution of marine faunas. Study of

modern faunas shows that if areas are

much less than 1,000 miles apart and

are in the same climatic environment,

a large percentage of the elements

should be identical or closely related.

Thus, instances where only a few spe-

cies are common to areas that were

once supposedly near to one another

are immediately suspect because there

should have been many more!

WHEN biological data are exam-

ined with respect to their bear-

ing on past climates, it is usually found

that an alternative other than conti-

nental drift is either possible or prob-

able. Widespread tropical climates are

indicated by the early Tertiary distri-

bution of organisms of the types now
characteristic of the tropics and sub-

tropics. In the early Tertiary, palms

were found in Alaska, the northern

I nited States, and Europe. During the

Eocene, tropical mollusks occurred

along the eastern shores of the Pacific

from Peru to Washington. At the same

time, similar mollusks were found in

the Cape region of South Africa, as

well as in England and western Eu-

rope, and from Japan to southwestern

Australia and New Zealand. In this

same interval, plants typical of the

tropics were present in northwestern

United States, western Europe, and

Japan. The application of the princi-

ple of uniformitarianism to these data

leads to the conclusion that, during

the Eocene, the tropical-subtropical

zone covered a much greater portion

of the surface of the earth than it does

now. The Eocene tropics thus included

western Europe as far north as Paris

and London, Japan, western North

America, at least as far as Vancouver,

B.C.. and essentially all of the cur-

rently existing land areas comprising

the Southern Hemisphere.

Similar climatic analyses can be

made of the biological data for several

earlier geologic periods. These show
that for much of the time the tropical
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zone was more widespread than it is

at present, and that only occasionally

was there a restriction of the tropics,

such as during the last Ice Age (which

we are still in). If this conclusion as

to the usually greater width of the

tropical zone in former times is true,

then all the biological data indicating

past warmer climates in areas outside

the modern tropics cannot be used to

support the hypothesis of drift, as it

no longer requires a different geogra-

phic position to explain it.

No adequate explanation of the Pa-

leozoic glaciations occurring in the

southern continents and peninsular

India has yet been proposed, but the'f'

associated biological data are easily

explained by former island "stepping T
stones" — islands situated sufficiently 1

close together to have allowed organ-

isms to move from one to another by

normal means, thus ultimately reach-

ing the areas where their remains are

now found. Further, the similarity of '"

the contemporary marine fauna of M



ese areas is not as great as would be

pected had these lands been as close

j> one another as has been suggested

y the proponents of continental drift.

rHE geologic similarities on oppo-

site sides of the Atlantic and those

jetween the elements of the proposed

I'Ondwanaland are not compelling rea-

ons for drift. They may be explained

y the action of similar forces, by

jrmation of rocks in similar environ-

lents, or by the accumulation of ma-

terials derived from similar sources.

The data from the study of paleo-

magnetism appear to be the most for-

midable evidence yet adduced in sup-

port of continental drift. But, until the

principles controlling the earth's mag-
netic field are better understood, the

data are not definitive. No one has yet

adequately explained the sudden in-

versions of the magnetic field, whereby

the poles reverse themselves. In addi-

tion, the theoretical reasoning indicat-

ing that the north magnetic pole has

always remained near the earth's ro-

tational pole is not conclusive.

In summary, the existence of conti-

nental drift has not been either proved

or disproved, although a majority of

American geologists feel that the

theory of the permanency of the con-

tinents and ocean basins is more prob-

able. If drift is proved, one series of

problems will be solved, but a new
series, requiring further explanations,

will be posed, particularly in the wide

range of all the biological sciences.

AA

A

Distribution of Cretaceous tropical

corak and rndistids (triangles) does

not support drift theory, as tropical

zone was wider before current Ice Age.

i
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Rare warbler of southern swamps is more often heard than seer

By Walter Dawn

ONE DAY in July, 1833, Dr. John

Bachman, the Lutheran pastor

and indefatigable naturalist, threaded

his way over rotting hulks of sweet

gum and cypress in a swamp a few

miles north of Charleston, South

Carolina, and moved toward a strange

bird whose song was not familiar.

Perched on a vine in a thicket was a

yellowish warbler with some black

around its head. Dr. Bachman aimed

his gun. fired, and collected a new bird

for science. Later, Audubon described

and named "this pretty little species"

after his good friend Dr. Bachman.

In hot southern lowlands, in swamps

almost impassable, permeated by

thick vegetation, red bugs, ticks, dan-

gerous snakes, and other hazards, the

elusive Bachman's warbler seemingly

veils in secrecy its very local breeding

range — a territory still imperfectly

known. In over a century and a quarter

since its discovery, only a few nests

Mr. Dawn's wildlife photographs have
appeared on these pages in the past.

He is also a writer and a naturalist.

have been found, the first in 1897 in

Missouri, and the last some forty years

ago, in Alabama. The few records of

the bird reveal its winter range as

Cuba, although one collected in

Florida in January, 1898, a few seen

in December, 1932, and one found in

1928 in Georgia, suggest that some

winter in swamps of southern states.

During the waning years of the nine-

teenth century, specimens of the Bach-

man's warbler appeared to generate

some commercial interest. In 1888,

Charles S. Galbraith collected thirty-

one males for the millinery trade. He
mentions a dozen hunters on the look-

out for the bird in 1887. One collector

is listed as taking "forty-odd" during

the fall migration at Key West, Flor-

ida, in 1889, while William Brewste

in 1890 collected thirty-six males am
ten females along the Suwanee Rive

in Florida. Arthur T. Wayne, on hi

Suwanee trip in 1892, took fifty.

The early collectors and observer

have passed on meager informatioi

concerning the Bachman's behavio

around its nest, so it was a rare op

portunity, when, in South Carolina ii

'

1958, I watched a male defend its ter

ritory against many different species'

it aggressively chased warblers, bunl

ings, and even a summer tanager f(;l

hundreds of yards. Totally ignorinj

my presence a few feet away, it one

became locked in combat with a femal

prairie warbler near the latter's nest

some twelve feet aboveground in

live oak. So intent were the birds in th

ensuing struggle that I almost caugh
them by hand as they tumbled dowr
How involved does the male Bach

man's become in singing and defend

ing an actual nest? What part does h
assume in the feeding and care of th

young? Questions such as these cai

only be answered by meticulous obser

vation at the nest—when one or mor
can be found. In 1905 Wayne observec

a male Bachman's feeding an imma
ture male. Otto Widmann, collector o

the first nest, says that the female "i

very tame on the nest." As a result o

low nesting, it is undoubtedly subjec

to some predation. Thus, any inroad

on its small population will have seri

ous consequences.

The bird pictured here picked a dry

loblolly—longleaf pine association,

most unlikely habitat, adjacent to

bustling highway, near Charleston

South Carolina. The intensity of it

song was remarkable; with heat

thrown back and chest expanded fron

one and a half to two times norma
size, the notes issued forth in a 180

degree radius, as its body and heac

shifted occasionally, creating a ventri

loquial quality. Presumably, it failet

to attract a mate, although it sang daib

for about six weeks on its third con

secutive visit in 1960, averaging som(

427 songs per hour at its peak.

HEAD THROWN BACK, warbler sings hii

intense song, left, and preens his win]

feathers, right, against the geometrii

design made by longleaf pine needles







SKY REPORTER
Crab Nebula's birth was observed in the Orient 900 years ago

By SiMONE Daro Gossner

OK TiiK SIX ZODIACAL coNSTELLATiOiNS that the sun tra-

verses from the vernal equinox to the first clay of

autumn—from Pisces through Leo—none has to oflfer as

man) beautiful sights as Taurus. The observer unaided by

nptiial instruments is undoubtedly familiar with the strik-

ing star grou]3s known as the Pleiades (see map on p. 47 I

and the Hyades, the latter being the cluster of stars sur-

iciunding Aldebaran. To the viewer with a large telescope

is reserved the privilege of viewing and photographing

one of the most extraordinary features of the entire sky.

The Crab Nebula I see picture on opposite page I is

unique in our Milky Way Galaxy, both by its nature and

its history. Its first recorded observation as a nebulous

object is ascribed to John Bevis. an amateur astronomer

of England, who is believed to have seen it in 1731; ap-

parently this discovery did not become known at the time.

The nebula was rediscovered bv Charles Messier in 1758.

In fact, it is the first entrv in Messier s famous catalogue

of nebulae and clusters, and has been given the designa-

tion Ml for that reason. The name "Crab"' first appeared

in astronomical texts about the mid-nineteenth century.

In 1921, the first remarkable property of the Crab be-

came evident from a comparison, at Mt. Wilson Observa-

tory, of two photographs taken at an interval of nearly

twelve years. There was no doubt that, feature for feature,

the nebula had expanded in that period. Assuming that

they were dealing with a gigantic expanding shell, and turn-

ing back the clock, astronomers computed that the Crab
had begun its expansion some 900 years earlier. They also

determined that at the beginning all its material would have

been concentrated at a point near Zeta Tauri ( on this

month's star map. Zeta Tauri is the star northeast of Al-

debaran, and connected with it by a dotted line).

By a remarkable coincidence, some ancient Chinese

chronicles, which were being studied in that same year

1921, yielded a number of observations of an unusual as-

tronomical occurrence on July 4. 1054. It seems that on

that date a brilliant new star appeared in the constellation

Peih (Taurus) near the third magnitude star Teen Kwan
(Zeta Tauri I. The approximate position of the new star

had been carefully recorded. There could be little doubt

that the exent witnessed in China more than nine centuries

ago was indeed the Crabs ancestor blowing itself to pieces.

The Chinese chronicle, unfortunately, gave no clue to

the brilliance of the nova at the time of its outburst. Ofl

and on during the decade following 1921, astronomers

applied themselves to determining the Crab's distance from

earth, which they found to be of the order of 5,000 light-

years ( this figure was later revised downward to about

3.000 light-years). The nebular remnants are so bright

despite their great distance—even if the lesser figure is

used—that the astronomers began to wonder if perhaps this

was the outburst of a supernova rather than an ordinary

nova. The answer to this question required a knowledge

of the magnitude of the star at the time of the explosion.

As if on cue, another old chronicle came to light in 1934.

This one was written in Japan and also contained observa-

tions of the wondrous apparition of 1054. In this case,

however, the Japanese astronomers had taken pains to

estimate its brightness and had noted that it had become
as bright as the planet Jupiter. Here was the last piece of the

jigsaw puzzle. By coupling the star's distance with its

apparent brightness, it did not take long to verify that

the outburst had been that of a true supernova, about a

hundred times as bright as an ordinary nova.

The distinction of being the only proved supernova in

our own Milky Way of which anything substantial re-

mains would be sufficient to set the Crab apart from all

other sky features. Yet the nebula had still another sur-

prise in store for astronomers. When radio astronomy be-

gan in earnest a little over a decade ago. and a s) stematic

search was undertaken for celestial objects emitting radia-

tion in the radio frequency range, the Crab came in loud

and clear. It has been calculated that in order to main-

tain its observed brightness both in the optical and the

radio range, the nebula is using up energy so fast that it

would have consumed all the energy released in the original

outburst in about 200 years. Since it is still going strong

after 900 years, the only explanation for its longevity is

that it is still manufacturing its own energy.

BY comparison, the remainder of the northern zodiac

is very tame indeed. Even its bright stars have been

dethroned from the privileged position they occupied 4,000

years ago. At that time, the spring equinox was in Taurus

and coincided almost exactly with the Pleiades. That is

to say that when the Pleiades were seen rising in the east

just as the first rays of the sun obliterated the morning
twilight, the farmer knew that cold days were over and
milder weather would soon begin. During the same epoch,

Regulus (in Leo I coincided with the summer solstice; it,

too, served as a herald of the season. But the continuous

displacement of the equinoxes along the ecliptic ( Natural
History. January. 1962 l has left the Pleiades and Regulus

stranded somewhere in midseason, and today's farmer

must look up the dates in an almanac.

We cannot, however, take our leave without a parting

nod at the Heavenly Twins. Castor and Pollux. They are

twins only in mvthologv. for no tw o brothers could be more
dissimilar. Pollux is quite ordinary, but the brighter Cas-

tor is, in fact, composed of six stars in such close proximity

that the observer's eve sees them as one. If onlv a telescope

is used, three stars can be distinguished—one faint and

tw^o bright—and long series of observations reveal that

they all travel in orbits around their common center of

mass. But a study through the spectrograph discloses that

the lines in the respective spectra of the stars are split in

the manner that is characteristic of close binary pairs.
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THE SKY IN APRIL
From the Almanac:

April 4, 2:45 P.M., EST
April 11, 2:51 P.M., EST
April 19, 7:34 p.m., EST
April 27, 8:00 a.m., EST

New Moon
First Quarter

Full Moon
Last Quarter

For the visual observer:

Mercury, rising a half hour before sunrise on April 1,

will be too close to the sun for observation in the early

part of the month. It will be in superior conjunction on

April 15 and will enter the evening sky on that date. By
April 30. the planet will set about one and a half hours

after sunset and may possibly be seen at dusk, very low

above the west northwest horizon (—0.9 magnitude).

Venus, in the evening sky (—3.3 magnitude
)

, will set one

and a quarter hours after the sun on April 1. one and

a half hours after on April 15. two hours after on April 30.

It will be low in the western sky at the end of twilight.

Mars, in the morning sky (-|-1.4 magnitude), will rise

about an hour before the sun throughout April. The planet

will remain poorly placed for viewing. Observers with an

unobstructed view of the eastern horizon may be able to

see it very low in the sky just before sunrise.

Jupiter, in Aquarius (—1.7 magnitude) , will rise at 4:15

A.M., local standard time, on April 1. 3:30 A.M. on April

15, 2:30 A.M. on April 30. It should be clearly visible in

the southeastern sky before sunrise, particularly in the

last few days of the month.

Saturn, in Capricornus (-|-0.9 magnitude), will pre-

cede Jupiter by one hour during the entire month, rising

in the southeast at 3:15 a.m. on April 1, 2:30 A.M. on

April 15, and 1 :30 a.m. on April 30.

The Lyrid meteor shower may be expected from April

20 to 22 (a few may be visible through April 24). The
display was not spectacular in previous years, the max-

imum rate seldom exceeding fifteen meteors per hour for

a single observer; even fewer may be visible this year be-

cause of the dimming effect of the just-past full moon.

The Great Bear

The great constellation of Ursa Major, which the ancient

Greeks called Arctos, is familiar to nearly everyone. Amer-
icans know it as the Big Dipper or the Great Bear and

Britons speak of Charles' Wain. Actually, the constellation

extends far beyond the area delineated by the seven bright

stars of the Dipper. It includes all the stars forming a rough

semicircle (forked at one end) between the pointers and
Lynx, and all those forming the triangle near the zenith

of our star map, between the Dipper and Leo Minor.

The appearance of constellations changes slowly over

the centuries because the individual motions of their com-

ponent stars gradually distort the familiar shapes. The
Dipper, on the contrary, has remained fairly constant

over the ages; its appearance is not caused by a fortuitous

grouping of stars at widely different distances from the

sun—as is the case for most constellations. It is a part,

instead, of a loose physical association in which all stars

share a more or less common space motion. The slight

differences remaining in their motions will eventually dis-

rupt the association of stars and scatter the individuals.

On the preceding pages, Mrs. Goss^ER offers the fourth
in her 1962 series — a survey of the celestial sphere.
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Some Victorians and

the Dinosaurs
Problems and personalities marked first decades of excavating

ACENTURY AND A HALF AGO, dino-

saurs were quite unknown. Until

the early days of the 1800's, even the

most knowledgeable men had looked

at dinosaur bones with unseeing eyes;

they had looked, but they had not

understood what they had seen. In

early historic times, and even through

the centuries of medieval Europe,

people were prone to attribute large

fossil bones to giants. Indeed, some
ancient legends of giants may have

been based in part on the discoveries

By Edwin H. Colbert

of large fossil bones—usually the bones

of extinct elephants, but now and then,

perhaps, the bones of other large ex-

tinct vertebrates, including dinosaurs.

By the beginning of the nineteenth

century, however, rational explana-

tions for natural phenomena were be-

ing sought. No longer were intelligent

people satisfied with tales that taxed

credulity; nature had to be explained

in accordance with uniform natural

laws. It was the age of reason.

The first dinosaur to be properly de-

scribed was discovered on a morning

in March, 1822, in Sussex, England,

by the wife of Dr. Gideon Mantell. A
physician in the city of Lewes, Man-
tell was a man of wide interests. He
was particularly interested in fossils,

and for some years had spent his spare

hours in the countryside of southern

England, searching for the petrified re-

mains of extinct animals. His wife

often accompanied him.

On this particular day Dr. Mantell

drove some miles outside Lewes to at-

FiRST PUBLISHED ILLUSTRATION" of the MantcH's Iguonodon

finds, left, reveals simple origins of all dinosaur studies.

Incongruous dinner party in 1853, given inside Iguanodon
reconstructed by Hawkins, is shown in contemporary sketch.
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tend to one of his patients, and his wife

went along for the ride. While he was

in the house of his patient. Mrs. Man-

tell walked up and down to pass the

time. In the course of her walk, she

saw some rocks that had been piled by

the road. She noticed an object in one

rock that looked most unusual— it had

the definite form and the shining sur-

face of a fossil. The object was a fossil

tooth, which she showed her husband.

It was a tooth quite different from

any fossil that Dr. Mantell had seen be-

fore, and it aroused his curiosity. In

ensuing weeks he returned often to the

country near where it had been found,

and located not only more teeth like it,

but also a number of fossil bones, all

unfamiliar to him.

IN those early days of paleontology,

there was one great authority to

whom other students of fossil verte-

brates might turn for help: Baron

Georges Cuvier of Paris. Cuvier, with

good reason, has been called the

founder of comparative anatomy and

the father of vertebrate paleontology.

MoiitriN Rff.oNsmi ciioN oi Igimnodon
shows protuding thumb-spike. The 19th

century restorations erroneously placed

this spike as a horn on animal's nose.

In the 1820's, he was nearing the end
of his wonderfully productive life; he

had behind him the vast experience of

long years of research.

For all of that, when Mantell sent

his fossils to Cuvier, the French
scholar first identified the teeth

those of an extinct rhinoceros and the

bones as those of an extinct hippopota
mus. Because he was certain that the

fossils came from rocks far too ancient

to have contained the remains of ad
vanced mammals, Mantell next sought

the advice of Oxford's Dean Buckland
one of the founders of paleontology in

England. Buckland urged Mantell to

do nothing at the time; above all, to

publish nothing! Buckland was ready

to accept Cuvier's identifications

which led him to the conclusion that

the fossils were remains that had been

found in superficial deposits of com-
paratively late geological age.

But the obstinate Mantell was not

convinced either by Cuvier or by Buck-

land. He decided to make a detailed

study on his own behalf. At first, he

made little progress, for he could lo

cate nothing—ancient or recent—that

resembled the fossils in his possession

Then another communication from
Baron Cuvier started Mantell on the

right track. "Do we not have here a

new animal," suggested Cuvier,
'

herbivorous reptile? And even as

among the modern terrestrial mam
mals it is within the herbivores that

one finds the species of the largest size,

so among the reptiles of another time

then the only terrestrial animals, wer«

not the greatest of them nourished

on vegetables?" If, concluded Cuvier

teeth could be found in a jaw, the

problem might be resolved.

Emboldened by this response, Man^
tell pursued his investigations, but tc

no avail. Then one day in 1825, when
Mantell was comparing his fossils with

various specimens in the Museum oi

the Royal College of Surgeons in Lon^

don, he met a naturalist named Samuei

Stutchbury, who had been studying

iguanas—large lizards that inhabit

Mexico and Central America. Stutch

bury immediately saw that Mantell's

fossil teeth resembled those of an igu

ana, but on a much magnified scale

Here was the clue that Mantell needed

in that same year, he published a de
scription of the fossil teeth under th(

name of Iguanodon [iguana tooth].

In 1833 Mantell moved from Lewe:

to Brighton, because he felt that in tin

latter fashionable resort, then fre

SO



J.NK UK THE FIRST three fossil reptiles to be described,

he Megalosaurus is depicted in this modern restoration. A
jaw with large, bladelike teeth, found near Oxford, England,

by Dean Buckland, established it as a carnivorous reptile.

[uented by royalty, he might get sup-

>ort for his work on fossils. Just be-

ore he moved, he had described a

lartial reptilian skeleton he had found,

md he called it Hylaeosaurus [forest

izard] . Two years later a discovery

vas made near Maidstone, Kent, that

it last was to give something of a clue

IS to the nature of Iguanodon. A slab

•f rock, found in a quarry, contained

guanodon teeth in association with

arious bones of the skeleton. The dis-

overy so prophetically hoped for by

]uvier a decade earlier had finally

t;ome to light. Iguanodon now began

o take form as an animal.

mEANTIME, Dean Buckland had de-

scribed another large reptile,

i)ased on a lower jaw and various parts

'if a skeleton that had been found near

pxford. This was clearly a carnivor-

l>us, or meat-eating reptile, with large,

i)ladelike teeth, quite in contrast to the

ather leaf-shaped teeth of Iguanodon.

Auckland gave the name of Megalo-

'[aurus [great lizard] to the fossil.

By the middle of the 1830's. there-

ore, three large fossil reptiles had

leen discovered in the south of Eng-

and. But. beyond that, their respective

places in the tree of animal life were

unknown. These three reptiles—/gi^-

anodon, Hylaeosaurus, and Megalo-

saurus—were in truth dinosaurs, but

no one realized it. Several more years

were to pass before another English-

man, Richard Owen, would create the

concept of dinosaurs.

Owen was the first great compara-

tive anatomist and vertebrate paleon-

tologist of England, a worthy succes-

sor of Cuvier. He had a long and dis-

tinguished career. In 1842, much of

this career was still ahead of him, yet

even then, as a comparatively young

man. his word on the anatomical char-

acters and the relationships of the ver-

tebrates carried a great deal of weight.

It was in that year, in one written sen-

tence, that Owen brought the dino-

saurs into being. In a report on British

fossil reptiles, Owen wrote: "The com-

bination of such characters, some, as

the sacral ones, altogether peculiar

among Reptiles, others borrowed, as

it were, from groups now distinct from

each other, and all manifested by crea-

tures far surpassing in size the largest

of existing reptiles, will, it is pre-

sumed, be deemed sufficient ground

for establishing a distinct tribe or sub-

order of Saurian Reptiles, for which I

would propose the name of Dinosau-

ria [terrible lizards]." Little more

than ten years after this, dinosaurs

were to be widely known among Eng-

lishmen in all walks of life.

THE first world's fair was London's

Crystal Palace Exposition of 18.51,

a new kind of fair to celebrate the

technology of steam power and the In-

dustrial Revolution that was rapidly

changing the Western world. The Crys-

tal Palace—a great building of iron

and glass erected in Hyde Park—was
so popular during the time of the ex-

position that, in 18.54, it was removed

to a spacious site in Sydenham, away

from the center of the city. In the land-

scaped grounds around the relocated

Crystal Palace there were constructed

life-sized restorations in concrete of

Iguanodon and of other animals that

had inhabited southern England in the

geologic past. These models—recon-

structed by a Mr. D. W. Hawkins

under the eye of Professor Owen—pos-
sessed all the scientific exactitude that

could be brought to bear at the time.

In those days, it was thought that

Iguanodon was a sort of rhinoceros-

like reptile, with a horn on its nose.

It was restored in this shape for the

Crystal Palace grounds. We now know
that Iguanodon was a large, bipedal

dinosaur that walked on strong hind

legs, and that the supposed horn upon
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Field book from Cope's expedition of 1874 is spread open
at one of many perceptive sketches in this diary. It shows a
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landscape in northern New Mexico where he made one of h

most important finds—an Eocene formation rich in fossil



! nose of the beast was actually a

ge spike that formed the end of the

imb. But we need not criticize the

ystal Palace models because of our

)erior modern knowledge; they

re laudable and sincere efforts for

sir time, and they were most effec-

e. A century later ihey still stand.

"lo celebrate the completion of the

Iguanodon model, a party was

en at which Professor Owen and

ler distinguished scientists of the

y sat down to what must have been

rather crowded diimer inside the

)del, while the lesser lights ban-

eted on tables set up around the

constructed dinosaur. It was a truly

jmorable affair.

According to report, "Cards of invi-

ion were issued as follows: 'Mr.

W. Hawkins solicits the honor of

ofessor s company at dinner

the Iguanodon, on the 31st Decem-

r. 1853. at 4 o'clock, p.m.' Mr.

iwkins had one-and-twenty guests

ound him in the body of the Iguano-

n—before the upper part of the back

d head was completed. In the chair,

Dst appropriately, sat Professor

A'en. occupying part of the head of

e gigantic animal; he was supported

"... eminently scientific men. . .
."

The first half-century or so of work

c the dinosaurs was the pioneer

riod—a span of time ending with the

rly 1890s. This period was a time

groping, rather haphazard efforts

collectors in the field, and of intel-

tual groping in the laboratory. In

jrope. the first period of early, un-

rected investigations of the dino-

gradually merged into a more
odern period of field work and re-

arch, based upon a greatly aug-

ented knowledge, not only of the

nosaurs, but also of their relatives,

all extinct life, and of past events

earth history. In North America,

e first phase of work on the dino-

urs was brought to an exciting close

the unrivaled discoveries and re-

arches of two men. and bv the acri-

onious dispute between them.

The collecting of dinosaurs in North

merica during the 1870's and 1880's

as a colorful pursuit, to put it mildly,

id studies on the fossils were far re-

eved from the quiet, objective activi-

es that are supposed to encompass
ientific research. The reason for the

ccitement is to be found in the con-

jicting personalities and ambitions of

i*'o eminent professors.
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Cope's early sketch of Enaliosaurs is typical of imagination and artistic

exaggerated the flexibility of neck, but skill he brought to bear on his science.
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Portrait of yale expedition of 1870, in the field near

Fort Bridger, Wyoming, shows Marsh (standing, fifth from
left) and assistants heavily armed—no mere props at tim

when there was danger of Indian attacks and horse thieves

OTHNiEL Charles Marsh was bom
in 1831 at Lockport, New York, a

region where many cliffs and outcrops

of rocks contain fossils of interest to

a boy having a larger than usual bump
of curiosity and an interest in nature.

When Marsh was a lad, his mother

died, and subsequently he came under

the patronage of his uncle, George

Peabody, a man of wealth and influ-

ence. Marsh attended Yale, graduat-

ing in 1860, after which he studied in

Germany for several years. His uncle

left him an ample income for life, and

Marsh devoted all his time to fossils.

He returned to Yale in 1866 as Profes-

sor of Paleontology, and immediately

launched upon an active career of re-

search on fossil vertebrates. He per-

suaded his uncle to found Yale's Pea-

body Museum, which, under Marsh's

direction, was to become one of the

outstanding natural history museums
of North America. He never married,

and died in 1899.

Edward Drinker Cope was born in

Philadelphia in 1840, the son of a

54

wealthy Quaker philanthropist. Cope
was amazingly precocious and, at the

age of seven, was making detailed and

sophisticated notes concerning the

anatomy of an ichthyosaur on display

at the Academy of Natural Sciences

in Philadelphia. He, too, went to

Europe in the sixties, and returned to

become a professor at Haverford Col-

lege. But he did not remain there for

long; he had too independent a per-

sonality to be confined within the

bounds of any institutional organiza-

tion. Consequently, for much of his life

he was an independent worker, financ-

ing his own field work and research

with the fortune that had been left to

him by his father. In the course of

time he became an outstanding world

authority in at least three fields—the

study of recent fishes, the study of re-

cent amphibians and reptiles, and the

study of fossil vertebrates. He pub-

lished prolifically and stands as one

of the great men of American science.

During his middle age, Cope invested

heavily in mines and virtually lost his
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ATER COLOR BY ARTHUR Lakes shows Marsh ( right ) lunching

th his two assistants near Como Bluff, Wyoming. Lakes,

an English clergyman and geologist, made many such quaint

paintings while engaged in digging and sketching fossils.

NE OF THE MAJOR SPECIMENS reconstructed by Marsh, this

rontosdurus excelsiis stands in Yale's Peabodv Museum.
Nearly all the bones belonged to a single individual that

was discovered by one of Marsh's several field assistants.
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Dr. Colbert, a leading expert in

his field, is Chairman and Curator
of A ertebrate Paleontology at The
American Museum. The excerpt is

from Dinosaurs. Copyright © 1961,

published by E. P. Dutton & Co., Inc.

fortune. In the last years of his life

(he died in 1897) he served as a pro-

fessor at the University of Pennsyl-

vania, and this appointment helped

him through his last, difficult years.

Cope and Marsh were both most

able men, brilliant (Cope was a true

genius) , inordinately ambitious, and
wealthy. And both were independent

men, accustomed to getting what they

wanted. What both wanted was to col-

lect and describe extinct vertebrates.

They put their wishes into actions, and

in so doing literally discovered a vast

new world of dinosaurs.

THE two men became acquainted in

the early seventies, and at that

time they had some pleasant trips to-

gether in eastern North America,

searching for early dinosaurs and
other fossils. Then they turned their

attentions to the great open country

west of the Mississippi. They began to

collect in the Great Plains and in the

Rocky Mountain region and, in a very

short time, even vast western North

America was not big enough to ac-

commodate the two of them. Their

rivalry and their jealousy of each other

grew by leaps and bounds, and as-

sumed the nature of open warfare.

They, and the collectors they hired,

spied on each other. They tried to keep

their fossil sites secret. Upon at least

one occasion their collectors engaged

in a free-for-all fight among the lonely

ridges of Wyoming. The two profes-

sors engaged in vituperative attacks

upon each other in the newspapers,

and they promulgated all sorts of

machinations in scientific societies, in

the government surveys on which they

served, in universities and museums
with which they were connected.

Yet all of this had its good side:

their rivalry stimulated them to col-

lect and describe fossils on a grand
scale. They sent back tons of bones to

New Haven and to Philadelphia, to be

cleaned by technicians, sketched by
artists, and measured by assistants.

In so doing they laid the ground-
work for modern methods and tech-

niques of vertebrate paleontology.

Marsh and Cope did not rely upon the

chance discovery of fossils. They
planned well-integrated campaigns of

fossil-hunting and collecting. They
developed methods still in use for

taking large bones out of the ground.

They maintained well-staffed labora-

tories, and published their studies in

two blizzards of scientific reports.

Cope and Marsh ranged far and
wide in their search for dinosaurs,

and each made outstanding discov-

eries. Cope discovered and described

primitive Triassic dinosaurs from New
Mexico. He opened a large quarry in

the Morrison deposits—of Jurassic

age — near Canyon City, Colorado,

and there excavated some excellent

skeletons. One of Cope's finds—the

skeleton of the carnivorous Allosaurus

—was still in shipping boxes, unopened

and unstudied, when The American
Museum of Natural History purchased

the Cope collection in 1895. Cope also

described Cretaceous dinosaurs, espe-

cially from Montana's Judith River.

The outstanding discovery by

Marsh was the great deposit of skele-

tons in the Morrison sediments along

Como Bluff, in eastern Wyoming—one
of the most prolific and famous dino-

saur localities in the world. From this

site, Marsh and his collectors exca-

vated a treasure-trove of skeletons,

some of which are now displayed in

Yale's Peabody Museum. Marsh also

collected Cretaceous dinosaurs, espe-

cially from the region near Denver.

It was from here that he made known
the existence of horned dinosaurs.

AS far as dinosaurs are concerned,

Marsh was clearly the winner. He
collected more and described more

than did Cope—perhaps because Cope's

interests were wider than Marsh's. Cope

had a greater variety of fossils to

study than did Marsh, and, in addition,

he was studying and publishing on

recent fishes, amphibians, and reptiles.

The score: Marsh described nineteen

genera of dinosaurs; Cope only nine.

The work of Marsh and Cope
amazed and overwhelmed paleontolo-

gists in Europe and in other parts of

the world. These two willful, deter-

mined men expanded the knowledge

of dinosaurs from scattered descrip-

tions, based largely upon parts of

skeletons or isolated bones, to a large

body of scholarship founded upon an

imposing and varied array of skulls

and relatively complete skeletons.

Dinosaur evolution as related to the

extinct and living reptiles—as well as

to birds— is shown in this family tree.
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weevil rol
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lures comprises 40,000 described

weevil species, of which the birch leaf

By Jerome G. ROZEN, Jr. roller, Deporaus belulae (Linnaeus I,

displays some of the most interesting

and most studied habits. The home

that this shiny black beetle, less than

a quarter-inch long, builds for its off-

spring might well interest anyone con-

cerned with insect behavior, mathe-

matics, or origami, the Japanese art

of folded paper construction.

On warm spring days the female

birch leaf roller, finding a tender leaf

on its host plant, crawls onto the upper

or lower surface of the blade and be-

gins cutting a smooth. S-shaped inci-

sion near the base, from the outer leaf

margin to the midrib. She bites the

midrib, not severing it. and starts a

new incision on the other side of the

vein. This cut, less sinuous than the

first, extends to the far margin. The

leaf blade is now divided into a small

basal part attached to the petiole, and

a much larger apical section sus-

pended only by the weakened midrib.

Returning to the starting point, the

beetle places herself on the underside

of the apical section and with her legs

rolls half of it into a slender cone. The

finished cone consists of five to seven

rolls, and lies next to the midrib. The

insect then wraps the other half of the

section around the cone several times

in the opposite direction. Thus, the

completed case has an inner core made

of the first half of the leaf and an outer,

protective layer formed of the second

half. The arresting mathematical as-

pect of the cone construction is that

the serpentine incisions are the ideal

geometric shape to minimize the work

needed to roll the leaf halves and pre-

vent their uncoiling.

The female weevil enters the open,

conical case, chews three to five slits

in the lower epidermis of the leaf-half

forming the inner core, and inserts a

yellowish, oval egg into each. Emerg-

ing, she makes a second, small cone at

the tip of the leaf and folds it across

the opening, completely incasing the

brood. The whole task takes about an

hour. The weevil then sets out to find

another leaf to roll.

Within the rolled leaf, the eggs de-

velop into small, whitish, legless larvae

that, over several months, consume

most of the inner core of the drying

leaf. As a result of rain and wind, the

*#

Birch leaf roller makes initial cut

in leaf from edge, working to midrib.
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ses occasionally fall to the ground,

t whether high on the tree or on

; ground, the completely fed larvae

aw through the brood chamber and

op to earth, in which each constructs

smooth-walled pupal chamber and

mpletes its life cycle.

The birch leaf roller is found only

Europe, where it attacks birch, ha-

, hornbeam, alder, and beech trees,

the United States, there is only one

ecies of Deporaus, and it is limited

the western part of the country. Un-

rtunately, nothing is known of the

ology of this small, shiny, dark blue

;evil. However, it may possess bi-

rre traits similar to those of its

iropean relative, for the genus Depo-

iis belongs to a small group of wee-

Is. the Rhynchitini. members of

hich often construct odd-shaped

ood pouches from leaves. Although

)ne of the other pouches involves the

;ometrically ideal, S-shaped curve

-oduced by the birch leaf roller, the

lusual shapes of the pouches can be

ghly characteristic of the species.

Whole process o

birch leaf into a

sequence

in about

sketches,

an hour.

*T ^^
/^<,^^mm»' » «*
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|CoMPLETED CASE, at left, is Still supported by the weakened

idrib. Female weevil, on basal part of leaf, has already

^'.^ ''>^'^%-

1».

deposited eggs inside and sealed the tip. Rain or wind may

cause case to drop to ground, above, before larvae emerge.
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Want to escape to quiet, sunny deserts?

Explore primitive native villages in Old

Mexico or just relax beside some inviting

stream? Perhaps you know a road some-

w/here you'd like to follow to the end. It's

all the same with an Airstream Land Yacht

— a personal highway cruiser outfitted

down to the smallest luxurious detail for

limitless road voyaging . . . good beds,

bathroom, hot and cold water, refrigera-

tion, heat and light independent of out-

side sources wherever you go — for a

night, a week, or a month. Airstream Land

Yachting means real travel independence
— no time-tables, tickets, packing. You
just tow your Airstream lightly behind your

car and follow your travel whims wherever

they urge you to go. Yes, it's the exciting,

better way to travel here in North America

or anywhere in the world.

write for inleresling free booklet

"World At Your Doorstep"
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NATURE and th(.

MICROSCOPE
Anatomy of the instrument

By Julian D. Corrington

BECAUSE THE MICROSCOPE is a tOol, a

means to an end, it follows that the

quality of the results to be achieved in
'

any specimen study will depend, in part,

on the ability of the operator to use his

instrument effectively. There are proper

and improper methods, and it is especi-

ally important for the beginner that he

learn correct usage from the start. Even

some of those who have been using the

microscope for a number of years may
find that practices could be improved

or that points have been overlooked.

First comes the anatomical side of the

picture: learning the parts of the micro-

scope and how and why this ingenious

instrument has been put together in the

way we find it today—a highly perfected,

modern appliance. Second is the func-

tional side: what each part is designed

to do for the ultimate purpose of present-

ing a first-class magnified image of a

desired object. Third is operational pro-

cedure: how to get the most out of the

instrument; care of the microscope and

of the eyes; routine laboratory practice.

It is necessary to learn the names of

microscope parts if we are to discuss

them. The base is horseshoe-shaped and

is a heavy single casting to provide sta-

bility. Remove the eyepiece and turn the

instrument upside down, and you will see

that it does not rest on the entire base hut

only upon two toes and a heel—the same
principle as a tripod. Stand the micro-

scope upright and replace the eyepiece.

Rising from the base is the pillar and at

the top of this is the inclination joint,

which permits tilting of the scope. Place

the heel of the left hand upon the left

fork of the base and grasp the arm of the

instrument with the right hand. Pull

backward to tilt the instrument. This

inclination joint should work fairly stiff-

ly, to maintain any desired angle, but

the tension may be corrected with a key

supplied on request by the manufacturer.

Above the inclination joint rises the

arm, and at its lower end is the stage,

usually a square, horizontal platform

upon which the specimen slide is held by

two spring clips. Remove and replace

these clips and note their construction.

Centered in the stage is the aperture, a

circular opening through which light

must pass to illuminate the object. Any
items below the stage are designated

the substage, which includes a mirror, a

diaphragm and. sometimes, a condcii?^

The mirror usually has two suifar

one plane and the other concave, nmu
ed in a circular mirror frame. This me
band has two small, opposite hole- ll

engage with detents (tiny raised knol

on the mirror fork. This, in turn. swi\

on the pillar or on a separate mirror ai

which moves on the pillar as a penduluJ

Remove the mirror and note how iti

held, then replace it. To do this, the fcl

may be sprung apart slightly by pullil

on one of its arms with one hand wh|
holding the mirror frame with the oth

The mirror , may be revolved, twisti

swung aside; this permits placing

surface at any desired angle when in u

THE condenser, when present, is

tually a separate microscope, of t

or more elements, designed to focus in

dent light rays upon the specimen,

has an adjustment knob to raise or low

and is essential when an oil-immers:

objective is used. In most models it v.

separable Abbe condenser, the top e

ment of which can be removed, alteri

the condenser's focus and field.

Located below the condenser or,

none is present, just below the stage

the diaphragm, which may be one of t

types. The disk diaphragm is a circu

metal plate with a series of holes of

creasing diameter. It can be revolved

that various-sized openings come ii

line beneath the stage aperture, contr

ling the diameter of the cone of li{

admitted to the specimen, and hence 1

luminosity, which ranges from bright

dim. The iris diaphragm—named fn

the iris, a sphincter muscle of the t

that regulates the diameter of the pupi

varies from wide open to almost closi

like the diaphragm on a camera. It ci

sists of a number of curved, overlappii

thin metal plates and, while preferred

the disk type in the better instrumer

is more expensive and more eas

damaged. Below the condenser there i

slot for the insertion of various fil

disks, such as a daylight blue disk tl

transmits light simulating sunlight.

Rising above the stage is the cur\

arm that supports the body of the mic

scope and is shaped for convenience

carrying the instrument. Use the fii

second, and third fingers of the rij

hand to grasp the arm, and support 1
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)n this summer's vacation you may—so

asily. even inadvertently—continue en-

aeshed in complexity, noise, traffic and

rowds . .

.

Or you can sail ten miles out to sea to

Treasured Island.

With a terrain ranging from bold cliffs

as high as 150 feet) through a wooded,

lilly interior to open meadows sloping

ently to the sea, Monhegan Island sug-

;ests a continent in minature, nicely cap-

ible of personal exploration and discovery.

Here the cacophony, crowds and con-

usion of mainland living are miles away.

So streetlights or neon signs dim the stars.

Mo juke-boxes, bars or cocktail lounges

disturb the quiet. Cars are garaged or

parked on the mainland. The Inn has

neither radio nor television.

Unexpected species reward birders and

botanists. Painters and photographers dis-

cover scene after scene worthy of record.

And waiting to be found by all: peace,

quiet, beauty.

June 25-Sepleniber 6. Advance reserva-

tions, please. Recommended in Duncan

'Mines' Vacation Guide. For illustrated lit-

erature and reservations kindly address all

inquiries to
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thrills of sports photography, really candid candids,
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picture-taking! The all-new Servo-Baldamat—designed

for the renowned family of SuperBaldamatic, Balda-

matic, and Baldessa 35mm cameras—is a compact,
precision-built electric motor drive that releases

single or sequence shots at the rate of 20 to 25 per

minute. You can shoot an entire 36-exposure roll with-

out going near tlie camera* because you operate the

Servo-Baldamat through a 19-foot-or-longer extension

cord! Locked to the camera's tripod socket, the

Servo-Baldamat fits snugly against the camera base,

engaging the Keymatic film-advance-shutter-wind key

and the shutter release. Powered by tiny #904 Eveready
(or equivalent) batteries, it trips the shutter, instantly

re-cocking it and advancing the film after each ex-

posure. Built-in exposure counter and automatic shut-

off that stops the drive mechanism at end of film roll

or at any pre-set frame number.

|nQ5Q ... complete with 19-foot remote control extension, selector
Do switch, and zipper case.

•Even under changing light conditions, perfectly-exposed remote-
control pictures are assured, when the Servo-Baldamat is use,d

with a SuperBaldamatic. This fully -automated camera sets its own
lens opening photoelectrically as the light gets brighter or darker.
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base with the palm of the left hand w
transporting the microscope from pi

to place, maintaining it in a vertical |i

tion. On the arm of most models are

pairs of vertical knurled wheels.
'

larger are the coarse adjustment kn
that, when turned, move the body rapi

up or down for approximate focu^ii

the smaller are the fine adjustment kn.

that move the body very slightly fur ex

focusing. In certain newer instrume
this adjustment is located at the base

the pillar, so that the hand that actiia

it may rest on the table.

PR0,TECTING forward from the aim
the body, or tube, a cylindrical

]

tion of the instrument that cariit>

optical elements. Remove the eyipii

and grasp the tube with the palm a

fingers of the left hand. With the ri<ji

hand operating the coarse adjustme|
raise the body as far as it will

keep right on pulling upward with t

left hand so that the body comes fr

Place it on the table. That part of t

microscope minus the tube, as now p
sented, is the stand. Look into that P^

of the arm that faces the stage, and ni

the two finely polished ways on whi
the tube slides. Between them is a spir

toothed gear, which is actuated by t

coarse adjustment. This is the pini

gear. Turn the coarse adjustment km
first in one direction then the other, a
watch the gear's action. Now observe t

long metal strip on the body that mesf
with the pinion gear and note that t

cogs are cut on a bias. It is easy

visualize how a turning of the adju
ment knob, with the spiral teeth fitti

into the oblique grooves, will serve

raise or lower the tube. This strip on t

body is the rack. The meshing of ra

and gear constitutes an example of

great invention of centuries past, t

rack and pinion gear, by means of whi
motion in one plane is translated

motion in another plane—in this ca

from rotary to vertical. This form of

is widely used in many kinds of rr

chines. Replace the tube, using care

start it on its ways correctly, and avo

force. As soon as the tube is seate

movement of the coarse adjustment w
run it down to the proper level. Repla
the eyepiece. In the language of the r

croscopist, one speaks of "racking t

tube down (or up I" for movements
the coarse adjustment. On most mode
instruments the tube can be racked do^

only so far, the movement being halt

by a metal plate at the top of the tul

This safety device prevents the carele

crashing of an objective into a slide

the top element of the condenser.

At the bottom of the tube is a circuli

obliquely projecting metal part call

the nosepiece. This is a mechanical c

sign to .seat the objectives and enable t

operator to change from one power



lONAL views of three objectives show:

It, lOX, center. 43X, and right, 97X.

her, and at the same time to protect

; objectives not in use from dust,

central screw is set at an angle to

ube, as a turrethead. The click of a

nt announces that an objective is

Bctly seated on the optical axis of the

oscope. Nosepieces are designated

ouble. triple, or quadruple, accord-

to the number of objectives,

xcept for the mirror, all of the items

far considered are collectively refer-

to as the mechanical parts of the

oscope. They are non-essential, but

designed for ease of operation. With-

the modern design of these parts,

lipulation of the microscope of today

Id be awkward indeed. They have

!i refined through the last three hun-

i years, constantly increasing in

iency and simplicity.

HE optical parts comprise the mirror

(removed if the lamp is placed di-

ly beneath the stage), condenser (if

ent), objective, and eyepiece, the

two always present and essential.

primary requirements for presenta-

of a magnified image are the object,

microscope, and the observer. That
ical part nearest the object is there-

e termed the objective, while that

rest the eye of the observer is the

piece, or ocular.

The simpler microscope is equipped

with two objectives, mounted on a double

nosepiece. The shorter of the two is the

low power (lOX), and the longer is the

high power (43X). More advanced (and

more expensive) models add a third ob-

jective, using a triple nosepiece—the oil

immersion (97X). In this case, the 43X

is commonly termed the "high dry,"

since it is not immersed when in use. and

the lOX is the "finder," because it is used

to locate the general features of the ob-

ject before turning to higher powers. As

has been noted, a condenser is neces-

sary with an oil-immersion objective.

Note the illustration of the construc-

tion of the objectives, above, seen in sec-

tional view. The low power has two

lenses, a biconvex and a plano-concave,

cemented together at the bottom of the

housing, and the same kinds, but of

larger size, in the upper pair. The unini-

tiated refer to the whole assembly as a

"lens," as in such expressions as the "low-

power lens," or a "camera lens." But a

moment's analysis will show the fallacy

of such usage. The word lens is from the

Latin for lentil, alluding to the shape

of a biconvex lens that resembles a lentil

seed. In the lOX objective there are ac-

tually four distinct lenses, and it is there-

fore incorrect to refer to the whole, or to

either the upper or the lower halves, as

a "lens." Clearly, some additional ter-

minology is in order. First, take the case

of the two upper lenses. Since the two

are cemented together to act as a com-

bined refracting unit, they are referred

to as a doublet; and so also with the

bottom two lenses. But these upper and

lower doublets work together in produc-

ing the real image, and hence each is an

element of the whole assembly, and each

lens in an element is a component. Thus,

in the lOX or low-power objective, begin-

ning at the top, we have a biconvex lens

WANTED
10 VENTURESOME TRAVELERS

Luxury Limousine Coach with Leader-Driver, As-

sistant and a Tour Hostess going West to So.

Dakota, Wyoming, Colorado. Offering cfioice of

three 21-day round-trips, camping, climbing, sight-

seeing. ALL EXPENSE BASIS.

TRIP NO. 1 Western Grand Circle Tour. S495 per

person. Including Badlands, Black Hills, Big Horns,

Yellowstone, Tetons, Medicine Bow, Estes Pork,

High Rockies, Aspen, etc. A truly comprehensive

ng a.i . Jun Returi ng p.l . Ju 22

TRIP NO. 2 Camping and Horseback Pack Trip.

S530 per person. Including Badlands, Block Hills,

Big Horns, o full week in Wind River (Wyo.)

Wilderness at glacier and Gannett Peak area, fol-

lowed by camp in Snowy Range of the Medicine

Bow and o night in Denver.

leaving a.m. July 7 Returning p.m. July 27

TRIP NO. 3 Identical to No. 2 with slight varia-

tions available.

leaving o.m. Aug. 18 Returning p.m. Sept. 7

All equipment provided including packs, tents,

down-filled sleeping bags, air mattresses, utensils,

food (and plenty) plus the know-how, tnow-where,
the responsibi/ity and the experience. Just come
bringing your rough wear, boots, binoculars,

camera, good will and high spirits! Comp every

night except enroute through Eastern Sti

das and I
ovided

openely. Eligible

willing and able to assist witn comp routir

All cooking will be done for you.

Deportures from NYC and Northern N. J.

Write at once for detailed itinerary, the moi

operandi, assured reservations.

MURRAY D. SPEAR, Director

The Company of Voyageurs

711 Valley Road, Mohwah, N. J.

In all the far-flung corners of the world the spade of the

archaeologist is recovering the treasures of the past,

adding to our knowledge of civilizations long vanished.

Reports on these excavations are a regular feature of

ARCHAEOLOGY
a quarterly publication of the Archaeological Institute

of America with lavishly illustrated articles written by

specialists in non-technical language.

ARCHAEOLOGY makes a fine gift for Easter, graduation, any
special occasion.

$5.00 a year. Same rate for foreign mailing. Gift card sent

upon request. Make checks payable to ARCHAEOLOGY.

ARCHAEOLOGY, Dept N 11
1

5 Washington Square North, Ne w York 3, N. Y. ;

Send ARCHAEOLOGY tor .

—

_year(s) to
!

Name 1

1

Address '

From our readers:

"For the ormchair archaeologist there is no better way of satisfying one's

interest than a subscription to ARCHAEOLOGY."

"ARCHAEOLOGY is a real treat. An authoritative magazine written by

professionals reporting field experiences is like a breath of fresh air."
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superb new
Japanese optics

YASHTCr/

Yashica Pentamatic ]

automatic 35mm reflex

Has high-speed interchangeable fl.8

Yashinon lens, automatic diaphragm,
automatic mirror, penta-prism finder,

1/lOOOth sec. shutter, flash synchroniza-

tion and other unusual quality features.

Under $160. (case extra) Interchangeable

telephoto and wide angle lenses available.

At your dealer, or write Dept. D
(?) Yashica Inc.. 50-17 Queens Blvd.,.

Woodside 77, N.Y.

In Canada: Anglophoto Ltd., Montreal,!]

USED AND APPROVED

BY LEADING UNIVERSITIES!
Model RV-6

6-INCH

DYNASCOPE^ Reflecting
"^

Telescope

^
f.O.B. Hartfc
Shipping Wt
50 lbs. Expre
charges colle

Easy Terms
Available!

Completely
Portable!

I'Jntire telescope
dismantles in

easy carrying.

Finest American-made 6-inch reflector in its

price range! Saves $100 or more, yet get all

these fine features, f/8 6-inch mirror accurate
to Vs wave . .3 matched eyepieces (75X. 150X,
343X) • 6x30 Achromatic finder.'icope • Heavy-
duty mount with setting circles • Rack & Pinion
eyepiece holder • Sturdy liphtweif^ht tripod.

CRITERION MANUFACTURING COMPANY
Dept. NH-24, 331 Church St., Hartford 1, Conn.

I

FREE f=ACTSI MAIL COUPON! 1

I

Criterion Maiiutactiinng Comiiany
Dept. NH-24. 331 Church St., Hartford I, Conn.
D Lnclcr your unmndlliwial cuarunlec. please Bhlp

I
me promptly the 11V-(1 IjYNASCOl'E. My pay-

I mem of $1»4.05 Is enclosed.

I D Please send IfREB LlTEIlATUnE on the nV-6
I Dynascooe and your other DYNA3C0PES
I

priced as low as S49.95.

living sea horses

One mated pair of dwarf sea horses delivered

from Florida direct to you for $3.50 post paid.

INTERESTING TO NOTE:
• The papa bears the young
• Size slightly over one inch
• Fascinating AQUARIUM pets
• Easily kept in gold fish bowl or Aquarium
• A hardy, educational gift for anyone
• Living delivery guaranteed
• Food and directions included

CHECK, MONEY ORDER or C.O.0.

ANIMATED GIFT SHIPPERS
Dept. NH-A, 7703 N.W. 36 Avenue, Miami, Florida

FOR HUMMINGBIRDS ONLY
This feeder is the only improvement in
design ever made. Neither the bees nor any
other bird can reach the honey water. It

cannot possibly drip. You will love these
tiny jewel-like birds more than ever when
you can watch them feeding unmolested by
the bees. An unusual and heartwarming
gift. Sorry, no C.O.D.'s. Price $2.95, add
ISt* postage. In Calif, add 12(* extra for
tax. Full instructions included. Design by
Erwin Brown. HUMMINGBIRD
HEAVEN, Dept. N, 6818 APPERSON
STREET, TUJUNGA, CALIFORNIA.

INDOOR TERRARIUM

A sturdy plastic terrarlum delivered di-
rect from Florida to you. Complete with
pair of living American Chameleons, food

elivereiJ supply, natural moss and instructions.

Color changes from green to violet

A hardy, educational gift for anyone
Harmless, odorless, fascinating creatures

Provides many entertaining hours of nature study
Safe for children—no glass

Guaranteed live delivery

Send check, money order or C.O.D.

ANIMATED GIFT SHIPPERS

Dept. NH-A
7703 N.W. 36 Avenue, Miami, Florida

WOODCRAFT CAMPS
37th yr. I1o.vh T-LS. 5 aut.- gn.U[>H. 2 priva
lakes near Old Forge. Adirondack. Canadi;

c trips. Forestry, fishing, riding. Tutor-
3 nurscB. Booklet:

WILLIAM H. ABBOTT
Box 2382 • Fayetteville, N. Y.

Fun ond Adventure In the Woods

and a plano-concave lens, each bein|L'

component and together comprising L
element. Since made of two lenses, tp
element is a doublet; other types of e

ments with more component lenses n
be triplets, quadruplets, or even higl 3

assemblies. These statements also hi i

true of the lower two lenses—a seco

element of two components. The
rangement of four lenses as two e

ments, upper and lower, makes
objective. Construction is similar in p! a

tographic instruments. The high dry a I

oil-immersion objectives show an
creasing complexity in number of co il

ponents and elements, and there i i

types with still more of these unit pai

From this description it must be evid<

that cost rises with the number of lens

The illustration also shows that ea

element is held in correct position

be exactly centered on the optical a:

by screw threads, dividing the whole b.

rel of the objective into compartmer
each of which is a cell. These thread

metal cells must be tooled to an excei

ing fineness of tolerance and the cent

tion must be done by expert craftsm(

In most modern instruments the lo

power (lOX) objective is separable
the one available to the reader is such
will unscrew at the middle, and you
remove the front combination (lower-el

ment), leaving the remainder attach!

to the nosepiece. This separates the t

doublets, and the rear combination (i|

per element) will now act as an object
of 4X, a most useful magnification wh
examining relatively large objects,

The low-power objective is furtl

designated as 16 mm., which descril

its equivalent focus, and means that

of the components acting together fo(

at the same point as would a single le

of 16 mm. focal length. Each componf
has its own focal length, but they mi

A NATURE LOVER'S
VACATION!

The big out of doors your living roon

Guest ranch ten miles off main highwa;

in scenic Jackson's Hole. Ranch located i

beautiful valley. Warm Springs Swimmin
pool near. Riding, fishing, pack trip:

animal and bird photography. See bea

coyote, elk, deer, moose and mountai

sheep. Bird watchers observe and phot(

graph rare and almost extinct bird life.

In June excellent opportunity to

large herds of cow elk and their ne

calves. Pack trips into wilderness area.

Excellent meals, comfortable cabin

reasonable rates. Slightly reduced rat(

month of June.

References gladly exchanged

For rales and information write:

GRANITE CREEK RANCH
Larry and Janet Moore

Box 971 Jackson, Wyomir
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I. ConiilMnoN's iiiliiinii :i|i|)e;ired

gulnrly in Natihk Mnj:azini' for

nrly twenty ye;Ms. ;in<l cjii now he
llovved in tlir ( iiniliini'd nucazines.

n conicrl In |n cKluce a single image—

e the phrase ""equivalent focus." or

The high dry objective has E.F.

n.; oil immersion has E.F. 1.8 mm.
final bit of information engraved on

barrel of an objective is a figure

:ating its numerical aperture ( N.A.

)

25 for the lOX. 0.6.S for the 43X. and

for the 97X. the meaning of which

be explained shortly.

II objectives made t<iday for use

any instrument—microscope, tele-

, camera—other than a cheap toy

corrected for inherent defects, some

n number. Those corrected to a de-

sufficient for all ordinary purposes

termed achromatic; those corrected

higher perfection for research work
professional photomicrography at

high magnification are apochro-

ic. Most lenses are of glass, but some-

s the mineral fluorite is used, yield-

a semiapochromatic objective,

ow examine the eyepiece of your

roscope. Various magnifying pow-

are available, as ,5X. 7.5X. lOX,

X. 15X and 20X and. for projection,

number 0. which is IX. The two most
monly supplied by manufacturer

n you purchase a new instrument are

5X and lOX. The upper lens is the

lens and the lower one the field lens,

crew each of these and remove them,

that each is a single plano-convex

with the convex surface facing

nward, and tiiat the field lens is much
er in diameter than the eye lens. An
piece designed in this fashion is a

enian eyepiece, named after its in-

tor. Christiaan Huygens. a famous
nteenth-century Dutch physicist and

mathematician. Wide-field eyepieces are

preferable, but somewhat more costly.

The barrel of a Huygenian eyepiece

reveals an annular metal platform ex-

tending partly across the interior at

about its middle. This is the eyepiece

diaphragm. It is here that the real image

formed by the objective, plus the field

lens of the eyepiece, is located. The dia-

piiragm also cuts out marginal rays,

improving the definition of the image.

A real image has a real existence. It is

an aerial image, hanging in space, and
is there whether or not an observer is

present to scan it. It may be photo-

graphed or projected. It represents a

point-for-point reproduction of detail in

the object, enlarged by refraction

through the objective lenses and by dif-

fraction of the incident light waves

around the fine detail of the object. This

image is now viewed through the eye

lens. This is precisely as if one saw the

real image by using a simple magnifier

held in the hand, as when we look at a

postage stamp or an insect through a

hand lens. The eye lens is used to make a

further enlargement of the real image;

it is one microscope on top of another,

hence the term "compound microscope."

But the image so obtained is an optical

illusion and has no real existence at all;

it does not hang in space and cannot be

projected or photographed. It requires

the presence of an observer whose mind
interprets what is seen as a picture situ-

ated at the near point, ten inches below

the level of the eye—a little below the

level of the stage. It is obvious that no
light rays go to such a place at all, and
so what we see is a virtual image.

The illustration (page 68) will serve

to explain what happens. When we scan

an object with the unaided eye (A), the

angle at the eye made by lines drawn
to the two extremes of the object is the

INSECT-EATING PLANTS ARE

AMAZING BOTANICAL ODDITIES

Fa.-:(ina[i(i;^ < ami vnriiiis [ihiiii-. hire, trap and digest

insects. Venus s Fly Traps. Colira LIUeB, Pitcher Pianta

and Sundews are conversation-piece l)otanicaI wonders.

Individual plants or terrarlum seta make wonderful gifts.

Terrariiim Set A has 5 Fly Trap bulbs. 2 Pitcher Plants.

2 Sundews, planting material culture directions, $G.25

ppd. Free catalog. (Indoor greenhouse. $14.95. Light,

$0.95 ppd.)

ARMSTRONG ASSOCfATES INC. |lM" N
Basking Ridge. N.J.

NOW—There's a New
RELAXED WAY

to Learn ANY
LANGUAGE

at home—
almost overnighf

Find out how you can relax like a child and learn to
SPEAK like a native . . . almost overnlRht. FREE
book will bring you fascinating details. Your ciioice
of . . .

34 Languages by LINGUAPHONE
World's Standard Conversational Method
At Home and Abroad...For Business, Travel

FREE TRIAL-No Obligation.
Mail Coupon for complete information TODAY

LINGUAPHONE INSTITUTE
Dept. D-63-942, Radio City, New York 20, N. Y.
Please send me Q FREE book. '-Your Passport to
Language." D Details of Free Trial.
Xo obligation—No salesman will call.

Address [.,'

City Zone State
Please check your language interest:

n Spanish (AmericanI Q Spanish (European)
n French D Italian D German 3 Russian
n Modern Greek D Icelandic Japanese
a Portuguese D Other

HE BALSCOPE TEN

For the first time, due to a manufacturing

breakthrough. . .a quality telescope for only

$9.95! Ideal instrument for all kinds of na-

ture study, for vacations, for all outdoors.

No clumsy draw tube — focus with a single

turn of the eyepiece. Only lOJi" long, and
weighs just 9 ounces. Belt holster accessory

at 98,c. See it at optical, photographic and

sporting goods dealers. Made to American
standards of quality by America's most
respected optical craftsmen, Bausch&Lomb
Incorporated, Rochester 2, New York.

BAUSCH & LOMB ^^
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NATURALISTS
NATURE LOVERS

WILDLIFE PHOTOGRAPHERS
Enjoy a nature vacation in the scenic Elk
Refuge Region near famous Jackson Hole,
Wyoming, — in the beautiful Snake River
Valley.

On foot, or horseback, or "four-wheel-drive",
watch the Elk in spring migration to the
higher mountains from their winter refuge.

See Bear, Moose, Badger, Coyotes, Deer,
active Beaver colonies, Mountain Sheep,
Trumpeter Svi-ans, Sandhill Cranes, Bird life

varied and abundant. .Adjacent to Elk and
Bison refuges, and to Grand Teton National
Park. Write for Bird List.

Open all year, - WINTER SPORTS, and
WINTER ELK FEEDING ON THE
RANCH.

NEW MODERN CABINS
Excellent Meals — Reasonable Rates.

Best observation season for Elk migration
May first to June fifteenth.

For rales, and descriptive literature.

Write to

BEAVER VALLEY RANCH
Frank and Katherine Foster

Box 551-A Jackson, Wyoming

tNSECT LIFE HISTORIES

and Special Insect Collections scientifically pre-

pared and of the highest quality for classroom

instruction. This is the largest variety of mounts

available anywhere. Send for Free Price List.

Gustav J. Garay, Supplier of American Insecta

279 Franklin Blvd., Somerset, New Jersey

.RROW
CANOE TRIPS

30 young men. 11-18. OUTDOOR LIVING under direc-
tion of Maine guides. 7-8 wks. White Water trips. CIT.
WORK CAMP. Quaker leadership. Write:

George N. Darrow, Oakwood School. Poughkeepsie, N. Y.

FAMILY CANOE TRIP OUTFITTERS

Overseas Nature Tours — 1962
EUROPE: North with the spring from the Mediterranean
to the Arctic. Start in May in Southern France, move
north with bird nesting and spring flowers through Italy,
Switzerland, Germany, Holland, England. Or start in late
June in Scotland, continue north through Scandinavia to
Lapland and North Cape. Either tour, 31 days, all-ex-
pense from New York around $1250. ORIENT: Leave
Seattle in July, explore National Parks of Alaska, Japan,
Philippines and Hawaii for birds, flowers and sheer
beauty. Small, friendly groups. Inquire early; we filled
up quickly last year.

NATURE TOURS, Box 2247-a, Washington (3, D. C.

A MANUAL OF COMMON BEETLES
OF EASTERN NORTH AMERICA

An identification manual, easy to use.
Complete directions for beetle collecting,

a fascinating hobby. 896 pp. $9.25.

Write for brochure.

ROW, PETERSON and COMPANY
Dept. T Evanston, Illinois

WHY DON'T YOU WR TE?
IN SPARETII

travel, local, club and churt
ance of professional writcr-
t homo throutrh the fanclnal

FREE "Writing Aptitude
quaIltl(.-« to hccome
No obIl(:atlon. No H,

Accredited N.H.S.C.

Under the guld-
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visual angle. Unless this angle is equal

to or greater than one minute of arc—
1/21,600 of a circumference—we shall

not be able to resolve the two extreme

points as two, and the object will appear
merely as a point. In astronomy, for

example, we may have two stars, one

near and the other remote, both almost

exactly along the same line of sight from
earth. Unless their apparent divergence

is equal to or greater than one minute

of arc, the two wiU not be resolved but

will be seen as a single, blurred object.

In microscopy, if an object contains a

great deal of fine detail, it is the resolv-

ing power, not the magnifying power of

the objective, that will permit separation

of this detail in the image.

By placing a lens before the eye (B).

the incident rays of light are refracted

inward so markedly as to increase the

visual angle. An enlarged real image, or

retinal image, is formed on the sensitive

cells of the inner coat of the eye. The
mind now interprets these bent rays of

light at their face value, and projects

them outward into space to the near

point as straight lines (C), thereby ob-

taining the virtual image of the object.

It is obvious from the figure (C) that no
actual light rays proceed outward to the

near point, and hence the image is vir-

tual. All observations through optical

instruments are of this class.

WITH this background we may
draw certain further conclusi

Magnification alone is not enough ii

optical instrument. It will be useles

enlarge an image unless we can thei

see greater detail in the reproduc

of the object. One might ask, since

have placed one microscope on toj

another in the compound instrum

why a third lens should not be emplo
above the first two, thereby gaining

greater enlargement. The answer is 1

the image we would attempt to enla

is not there; it is a virtual image,

can make a photograph through the

croscope by focusing a real image on

film and then enlarging the print,

could then project this print ontij

distant screen, further increasing

magnification to a gigantic size. But
amount of such enlargement will si

any more detail than is present in

small, real image in ike first place,

can make a bacillus appear as big a':'}

balloon, but will see no further de
(

thereby. This is empty magnification i;;jj'

is therefore useless.

Resolution, or the ability of an obj

tive to reveal fine detail, is a more
portant property than magnificati

though we must have both. A finely b

and corrected objective will have a mi
higher resolving power than will a en
one, and of course the required wo
manship makes it much more costly,

fact, since this matter is import,

enough to be dealt with in some det

we shall wait for a later installment

discuss in detail the mathematics ti

are involved in measuring the resolv:

power of various types of objectives

This list details the photographer, art:

or other source of illustration, by pa
COVER-Lee Boltin
3-4-Josepli Sedacca
8-19-Lee Boltin, except
8-bot., Alexander Klots

tute of Technology
46-47-Sky Map after

Henry M. Neely
48*AMNH Archives

20-29—Hans Guggenheim 494tllus. London News
30-31-AMNH after
Grabau
32-33-AMNH after

Koppen and Wegener

50-5i-Trustees of the
British Museum
52-53-AMNH Archives
54-55-top, Peabody

34-35-AMNH after Creer, Museum, Yale Univ.; bo
Irving, and Runcorn
36-37-top, AMNH after

Owen; bot., after Ma
38-39-AMNH after

Durham
41-43-Walter Dawrn
44-© California Insti-

ll. S. Geological Survey
56-57-AMNH
58-61-Sune Berkeman,
from Black Star except
61-top, AMNH after Det
65-AMNH
68-AMNH
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GERANIUM BLOSSOMS, PANSIES,
MAPLE LEAVES & BUTTERFLIEI

Permanently Embedded in Castoglas

MAKE YOUR OWN NATURE TILES
Coasters, trays, wall plaques, bookends, lamj
bases and many other distinctive accessories. Thi
is a fascinating way to make some wonderfu
things for your home, for gifts and to raise fund
for your church or club and for yourself, too
Easily-cleaned Castoglas also makes an excellen
heat- and acid-resistant glass-like finish for table

and kitchen countertops.

Easy To Do At Little Cost

Pours like honey and hardens like glass. No hea
or pressure required, no equipment, no tools. /

4 X 4-inch tile costs less than ID!* to make. Fo
illustrated booklet with complete directions, mai
25^' to Dept. 91-D.

THE CASTOLITE COMPANY
Woodstock, Illinois



On U.S. Route 66 -Only 39 Miles from America's 7th fastest Growing City]

"
ALBUQUERQUE, NEW MEXICO . .

.

An Acre of Your Own in

THE VALLEY OF THE ESTAHCIA
RANCHETTES

S%i% DOWN
IU A MONTH

Suddenly - almost without warning - the land boom Is on In New Mexico. All at

)nce Americans have discovered the "Land of Enchantment". . . and homes and ranch-

ttes are springing up on lush verdant tracts which until now were enormous ranches.

And especially is this true of the lovely valleys surrounding Albuquerque, the queen
' )f New Iklexico. This exciting city is bursting at the seams and homes are spilling out

n all directions. Albuquerque has become America's "7th fastest growing city" - and
- s picking up speed at an astounding tempo.
i: Astounding? Please consider: In 1940 Albuquerque had less than 36,000 people.

I
3y 1950 it had soared to 97,000. And in the last 10 years it has rocketed to more
than 260,000!

There are so many reasons for this fantastic rate of growth. Nowhere in America
IS there land more beautiful than the rich valleys that rim Albuquerque. The climate

s possibly without equal in all of America — a summertime of balmy sunny days*
til and bracing nights - tilanket-sleeping nights; and in the winter equally sunny days* —

shirt-sleeve weather. Healtli? This is a region whose mildness and purity of climate

'have given new life to people from all parts of our land — where, in respiratory ail-

ments alone, thousands of cures have been miraculously achieved by the mild weather,

i the dry air, the abundant sunshine, the low humidity. In the words of the Encyclopedia
':' Brittanica the Albuquerque region is "a health resort"! And what about sports, enter-

tainment, activities, opportunity? In the lofty close-by mountains are fishing, swim-

.. ming, hunting. Skiers wear shorts. Golf is played the year 'round. Albuquerque itself

:;i is crammed with magnificent shops, theatres, churches, schools - including the Uni-

versity of New Mexico with 7000 enrolled students, bright new college buildings and

modern football stadium. Albuquerque has the 5th busiest airport in the United States.

Its industry and employment potential are boundless. Its 3 television channels and 9

radio stations, its opportunties in land ownership, jobs, small business; its sunniness,

its freshness and sparkle - all of these mark the personality of a great city.

The wonder is not that Albuquerque is growing so rapidly. The wonder is that one

can still buy a lovely piece of land close to the city at so low a price as $395 an acre!

All you have to do is to take a look at the six cities which in all of America have grown

even faster than Albuquerque. What would you have to pay for an acre of comparable

land only 39 miles from their shops and theaters?

^^
Cost Per Acre of

Comparable land

Rate of Rise 39 Miles from

1950-1960 Downtown

120.1% $2,500 -$ 5,000

96.5 $3,500 - $ 7,000

85.6 $1,500 - $ 3,000

85.4 $5,000 -$10,000
80.7 $2,000

80.2 $4,000 - $ 8,000

78.7 $395 (Valley of

The Estancia

Ranchettes)

1. San Jose, Calif.

Phoenix, Arizona

Tucson, Arizona

Miami, Florida

Sacramento, Cal.

San Diego, Cal.

Albuquerque, N. M.

RES INCLUDE OUTSIDE CEN

Pipulatlon

639,615

652,032

262,139

917,851

500.719

1,003,522

260,318

These statistics are eye-openers, aren't they? Yet real estate men are saying that

the prices you have just read will soon apply to the Albuquerque region!

And as lovely and luxuriant an area as Albuquerque can boast is The Valley of the

Estancia Ranchettes. Rimmed by mountains, lying flush alongside the most important

highway in the West, Route 66, and only 39 miles from Albuquerque, The Valley of

the Estancia Ranchettes is the essence of the enchanting Southwest. Please read this

carefully! The Valley of the Estancia Ranchettes are not barren desert tracts. They are

lush and green! V^ater waits to be tapped. The soil is so fertile as to bear fruit trees

and truck gardens. Our Route 56 neighbors frame the landscape with their low modern

ranchettes, homes, motels. Our next door neighbor is the famed $200,000 Longhorn

Museum of the Old West ... Oh yes, this is a very lovely land.

As our headline says, an acre in our beautiful VALLEY OF THE ESTANCIA RANCH-

ETTES costs $395 complete! And the terms are $10 down and $10 a month per acre.

That's it - no extras, no hidden additional costs. You may reserve as many acres as

you wish. AND YOU TAKE NO RISK IN SENDING YOUR $10 TO RESERVE YOUR ONE ACRE

RANCHETTE SITE. Your $10 reserves an acre for you, but you have the unqualified right

to change your mind. As soon as we receive your reservation we will send you your

Purchase Agreement and Property Owner's Kit. The package will show you exactly

where your property is and will include full maps, photographs and complete informa-

tion about your property. Other maps will show you nearby Arizona — even old Mexico

itself, 250 miles away. You may havea full 30 day period to go through this fascinating

portfolio, check our references, talk it over with your family. If during that time you

should wish to change your mind land you don't have to give a reason either) your

reservation deposit will be instantly refunded. (ALBUQUERQUE BANK REFERENCES).

Experienced realtors think that the Albuquerque area presents the most exciting

acreage buy in America. On the outskirts of the city, land is now going for $5000 to

$6000 an acre. One day soon the Valley of the Estancia Ranctiettes could be a suburb

of Albuquerque. Act now. You'll be forever grateful that you did.

I 1

I
VALLEY OF THE ESTANCIA RANCHETTES

,

I

Dept. L-68

,
2316 CENTRAL S.E., ALBUQUERQUE, NEW MEXICO
Gentlemen: I wish to reserve
ESTANCIA RANCHETTES. I enclose a deposit of $_
deposit of $10 for each $395 acre you reserve.) Please rush complete details,
including my Purchaser's Agreement. Property Owner's Kit, maps, photo-
graphs, and all data. It is strictly understood that I may change my mind
within 30 days for any reason and that my deposit will be fully and
instantly refunded if I do.

Name

Last year for rxamplf, there liere only S Jays tlial vserc not sunny.

I

City_

I



UN/Tt^ON

Presenting - UNITRON's
Refractor — the telescope

Here is an ideal telescope for the amateur astronomer who wants

portability, precision and professional features.

UNITRON's New 2.4" Equatorial Refractor, Model 128, now offers

setting circles to help you find those difficult celestial objects that are

too faint to be seen easily in a viewfinder. Once you have located a

star or planet, merely turn a flexible cable control and the equatorial

mounting will keep the object centered in the field of view. Or, better

still, choose the motorized Model 128C and let the synchronous clock

drive follow the celestial motions for you.

Model 128 is priced at ony $225 compete with everything needed

to make the most of the time you devote to observing. Included in

New 2.4 -Inch Equatoria

you have always wanted
this price is the precision equatorial mounting with its slow motio

controls for right ascension and declination, setting circles, tripoc

viewfinder, five eyepieces. Achromatic Amplifier (barlow-type)

double eyepiece magnifications, UNIMEX, Rotary Eyepiece Selecto

sunglass, cabinets, etc. For only $275 you can order Model 128C wii

all of the above features plus the clock drive.

Here is the telescope you have always wanted, at a price which

easy on your budget. If you prefer, use our Easy Payment Plan wil

only 10% down and 12 months to pay the balance.

Don't miss out on the fine observing. Treat yourself to a UNITROI

—America's most popular refractor.

'^v\ie to Dep't. 21Afor a free copy of UNITRON's Telescope Catalog.

UNlTt^ON INSTRUMENT COMPANY — TELESCOPE SALES DIV.

66 NEEDHAM STREET, NEWTON HIGHLANDS 61, MASS.
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Moon shot//...through a 7-pound observatory

Here's a telescope so accurate it

takes moon photos which compare
favorably with those taken by large

observatory instruments.

It traces rockets back from space

. . . works perfectly in steaming jun-

gles . . . performs equally as well at

—86°F in the stratosphere . . . even
helps safely study high-temperature
industrial processes.

To obtain such performance, the

designers of this telescope needed
materials that could withstand the

shocks of hard usage as well as tem-
perature extremes and corrosion. And
these materials had to be readily fab-

ricable into highly intricate parts,

since the telescope's powerful optical

system is packed into an 8-inch tube.

Nickel was the answer for many
parts ... in the form of Nickel Stain-

less Steel for such components as

tubes in the focusing mechanism,
baffle tube, axles, drive disks, shafts,

levers, declination circle, and all

fasteners.

Nickel Stainless was selected be-

cause it has outstanding resistance to

rusting, pitting, and corrosion. It has

little tendency to expand or contract

under temperature change — an im-

portant consideration in view of the

rugged conditions under which this

telescope is designed to operate.

Moreover, Nickel in stainless steel

helps it to be more easily fabricated

into intricate parts — parts that stay

bright and untarnished for years -
parts that clean with a wipe.

Excepting this final paragraph, this

whole advertisement was prepared by

the International Nickel Company, Inc..

67 Wall St., New York 5, N.Y. They
ran this page in the February 10th issue

of Business Week, circulation ^00,000.

Wasn't that nice of them? We think so,

and because we think it splendid for

our product, the versatile Questar, we

repeat it here. Questars cost $995.\

May we send our 32-page booklet ?

TAP
ox 60 NEW HOPE, PENNSYLVANI



Two outstanding series of inexpensive paperback books, from DOUBLEDAY

—

THE SCIENCE STUDY SERIES THE NATURAL HISTORY LIBRARY
Described as "a landmark in science education" when
introduced three years ago. The Science Study Scries now
includes 24 titles in the physical and life sciences.

Prepared hy The Physical Science Study Committee.

"A truly outstanding scries" (New York Times), pub-
lished in cooperation with the American Muscuin of Nat-
ural History, introduced last year, and now includinj; 2'

titles in the lite and earth sciences.

I

THE SCIENCE STUDY SERIES

THE NEUTRON STORY. Donald J. Hughes.
re clarity and simplicity on one of the most
eric topics in science."

—

N. Y. Herald Tribune.

pp., .19 line drawinsts, index. 95<'

MAGNETS: The Education of a Physicist.

ncis Bluer. M.I.T. "A masterpiece. This com-
31ion of autobiography and popular science e.x-

ition is very rare and extraordinarily effective."

.. ALDEN THRESHER, Former Chairman,
EB. 155 pp., 27 line drawings, index. 95<.'

J SOAP BUBBLES AND THE FORCES WHICH
|ULD THEM. Sir Charles Vernon Boys. "A su-

I classic . . . can capture the imagination of the

Ing (and the old)."—DEREK J. de SOLLA
Ice. Yale University. 156 pp., 69 line draw-

|. 9S«

ECHOES OF BATS AND MEN. Donald R. Grif-

\
Harvard -University. "Authoritative and thor-

jKly scienithc, but more fascinating than most
|els."—GEORGE GAYLORD SIMPSON. 156

15 line drawings, bibliog., index.

HOW OLD IS THE EARTH? Patrick M. Hurley.

T. "Highly readable, stimulating, authoritative

inexpensive introduction to the age of the earth.

. to the dating of various important events in

th history."—EDWARD H. WATSON, Bryn
• uT College. 160 pp., 27 drawings, 8 photos, index.

• CRYSTALS AND CRYSTAL GROWING. Alan
Iden, Bell Telephone Laboratories, and Phylis

ger. "A lucid, penetrating introduction to solid

te phvsics."—SCIENCE. ,120 pp., 150 line draw-
s, 56 photos (13 color), appendices, research
;gestions, bibliog., index. $1.45

\ THE PHYSICS OF TELEVISION. Donald G.
k. Phiico Corp., and David M. Lulyens. "A
slerwork of selection and condensation in ex-

inmg how television works . .
."

—

N. Y. Herald
bune. 160 pp., 44 diagrams, 4 photos, index. 95c

> WAVES AND THE EAR. Willem A. Van
rgeiik, John R. Pierce and Edward E. David,
. Bell Telephone Laboratories. "Exceptionally
iiprchensive for an introductory text."

—

Tech-
/I'Vi Review. 2.15 pp., 65 line cuts, 5 photos,
ill...;., index. 95('

10 THE BIRTH OF A NEW PHYSICS. /. Bernard
hen. Harvard University. "The development from
pcrnicus to Newton of the single most impor-
,1 idea in physics—the dynamics of motion . . .

1 outstanding book."

—

Scientific American. 200
I., 34 line drawings, 8 photos, bibliog., index. 95f

1 HORNS, STRINGS, AND HARMONY. Arthur
Benade, Case Institute of Technology. "[The]

ok communicates well his love for both music
d physics."—SCIENCE. 271 pp., 68 line draw-
is, 8 photos, bibliog., index. 95^

12 THE RESTLESS ATOM. Alfred Romer, St.

e University. "An original and important
irk.''—Technology Review. 198 pp., 31 drawings
id diagrams, appendices, index. 95c

13 MICHELSON AND THE SPEED OF LIGHT.
rnard Jafle. "A rich supplement to the study of

Sht and optics."

—

The Science Teacher. 197 pp.,
ings, 4 photos, bibliog., index. 95c

14 THE UNIVERSE AT LARGE. Hermann Bondi.
ity of London. "The author . . . can be

acketed with George Gamow as having special

jility to put difficult ideas into simple language."
Bulletin of the Atomic Scientists. 154 pp., 52
awings, 12 photos, index. 95C

15 PASTEUR AND MODERN SCIENCE. Rene
OS, Rockefeller Institute. "Deserves great praise
filling a gap in the history of science."

—

ice. 159 pp., index. 95^

16 THE WATERSHED: A Biography of Jo-
annes Kepler. Arthur Koestler. "A landmark in

ography which no student of science or history
[in afford to postpone reading."

—

Science. 280 pp.,
j' illus., index. 95C

.17 ACCELERATORS: Machines of Nuclear
nysics. Robert R. Wilson and Raphael Litlauer,
ornell Univ. From the earliest x-ray tube to the
om smashers of toda\

—"A fine example of the
(cellence of the series."

—

Science. 196 pp., 16
notos. 36 drawings, appendices, index. 95c

'18 WATER: The Mirror of Science. Kenneth S.

'avis and John A. Day, Linfield College. A dis-

Jssion of the properties of water as seen by various
ranches of science. "One of the best: sound and
iformative."—N. Y. Herald Tribune. 195 pp.,
2 drawings and diagrams, 4 photos, index. 95c

S-19 THE NATURE OF VIOLENT STORMS. Louis
J. Batliin, Univ. of Arizona. "An excellent basic text

in meteorology, or physics of the atmosphere, cov-
ered in easy-to-understand terms."

—

U. S. Naval
Institute Proceedings. 158 pp., 22 diagrams and
maps, 17 photos, bibliog., index. 95«

S-20 NEAR ZERO: The Physics of Low Tempera-
ture. D. K. C. MucDonuld. National Research
Council of Canada. An expert's clearly-written in-

troduction to one of the most important areas in

modern research. 116 pp., 8 halftones, 12 line draw-
ings. 95C

S-21 SHAPE AND FLOW: The Fluid Dynamics of
Drag. Ascher H. Shapiro, M.I.T. A visually and
scientifically exciting exploration of the phenomena
of fluid dynamics. 186 pp., 93 photos, index. 95c

S-22 GRAVITY. George Gamow, Univ. of Colo-
rado. From Galileo to the concepts of Newton and
Einstein, an eminent scientist examines the nature
of gravity. 157 pp., 29 line drawings, index. 95C

S-23 LIFE IN THE UNIVERSE: A Scientific Discus-
sion. Michael W. Ovenden, Univ. of Glasgow. An
examination of such basic questions as what distin-

guishes living matter from non-living matter; and
what might exist on other planets. 160 pp., 23 line

drawings, index. 95^

S-24 RADAR OBSERVES THE WEATHER. Louis J.

Battan, Univ. of Arizona. How radar is revolution-
izing the science of meteorology through its ability

to detect everything from a raindrop to the forma-
tion of hurricanes. 158 pp., 16 photos, 20 line draw-
ings, index, appendices. 95('

S-25 NERVES AND MUSCLES. Robert Galambos,
Yale Univ. A splendid introduction to the field of
biophysics in this engaging description of the in-

credible electrical networks of the human body.
158 pp., 30 line drawings, index. 95(^

THE NATURAL HISTORY LIBRARY

N-l HORSES. George Gaylord Simpson, Harvard
Univ. A classic case history of evolution; traces

the lineage of the horse over the past 60 million
years. 32 pp. of photos, 27 drawings, index. $1.45

N-2 JOHN AND WILLIAM BARTRAM'S AMER-
ICA. Edited by Helen Gere Cruickshank. The best

writings of the famous father and son naturalists

who explored much of the Southeastern U. S. dur-
ing the 18th century. 8 pp. of illus., 2 maps, index.

$1.45

N-3 THE OCEAN ISLAND (Inagua). Gilbert C.
Klingel. An award-winning naturalist, shipwrecked
in the Bahamas, studies the flora and fauna of
shore, sea and sky. Foreword bv Charles M. Bogert,
A.M.N.H. 17 photos, map. $1.45

N-4 SHEARWATERS. R. M. Lockley. A report of

12 years" lield observation of the Manx shearwater,
a bird that performs miracles of navigation and
endurance. Foreword by Robert Cushman Murphy,
A.M.N.H. 7 drawings, map, index. $1.25

N-5 WHITE WATERS AND BLACK. Gordon Mac-
Creagh. "A wonderfully amusing account of an
ill-fated scientific expedition into the Amazon."

—

New York Times. Foreword by James A. Oliver,

Director, A.M.N.H. 8 photos, map. $1.45

N-6 THE WANDERING ALBATROSS (Revised).
William Jameson. "Admirable little study of one of

the largest, strangest, and ablest of birds."

—

N. Y.
Herald Tribune. Foreword by Robert Cushman
Murphy, A.M.N.H. 8 pp. of photos, 6 drawings
and diagrams, index. 95(!

N-8 MODERN SCIENCE AND THE NATURE OF
LIFE. William S. Beck. Harvard Medical School.

"Solid in his facts and up to date in his account-
ing of where biology is going . . . his frankness . . .

is both instructive and disarming."

—

N . Y . Times.
Foreword by John A. Moore, A.M.N.H. Indexed.
$1.45

N-9 DWELLERS IN DARKNESS. S. H. Skaife. "A
remarkable studv of the black-mound termites of

South .Africa."

—

N. Y. Herald Tribune. Foreword
bv Jerome G. Rozen. Jr., A.M.N.H. 16 pp. of

photos, 26 drawings, index. 95c

N-10 FROM FISH TO PHILOSOPHER. Homer W.
Smith, N.Y.U. School of Medicine. A physiologist's

lucid account of man's evolution. "An original,

learned and often witty contribution."

—

N. Y. Her-
ald Tribune. Foreword by Evelyn Shaw, A.M.N.H.
12 illus., index. $1.45

N-11 THE EXPLORATION OF THE COLORADO
RIVER. John Wesley Powell. The diary of a great
19th-century geologist-ethnologist— a classic of the
opening of the West. Foreword bv Bobb Schaefler,
A.M.N.H. X photos. 2 maps, index. 95c

N-l 2 THE MOUNTAINS OF CALIFORNIA. John
Muir. "A cause for celebration that [this bookj
long out of print, has been published."

—

San Fran-
cisco Chronicle. Foreword by Jack McCormick,
A.M.N.H. 8 photos, 2 maps, index. $1.25

N-l 3 JOHN BURROUGHS' AMERICA. Edited by
Farida A. Wiley, A.M.N.H. The finest and most
memorable writings of the famous Hudson River
naturalist. 8 illus., map, index. $1.45

N-14 THE PACIFIC ISLANDS (Revised). Douglas
L. Oliver, Harvard Univ. "A penetrating and some-
times understandably bitter examination."

—

N. Y.
Herald Tribune. Foreword by Harry L. Shapiro,
A.M.N.H. 25 illus., 5 maps, index. $1.45

N-l 5 THE LAND OF LITTLE RAIN. Mary Austin.
Nature writing that remains unsurpassed in the lit-

erature on the American Southwest. 53 line draw-
ings. 95C

N-16 THE VOYAGE OF THE BEAGLE. Charles Dar-
win. With new maps and with annotations and an
introduction by Leonard Engel, this is the only
modern edition of a classic. 6 pp., of photos, maps,
index. $1.45

N-l 7 BETWEEN THE PLANETS. Fletcher G. Wat-
son. Describes the spectacular phenomena of aster-
oids, comets, and meteors; discusses the latest
theories on their origins and motions. 48 photos,
53 line drawings, index. $1.25

N-l 8 PUFFINS. R. M. Lockley. The engrossing
study-in-life of an oceanic bird's cycle from birth
to often violent death. 12 pp. of photos, 6 line
drawings, index. $1.25

N-19 THE HEATHENS. William Howells, Harvard
Univ. An urbane and informative look at the world
of mana, shamans, and diviners and the motiva-
tions behind primitive religious practices. 8 pp.
of photos, 3 pp. of line drawings, index. $1.45

N-20 GRAND CANYON. Joseph Wood Krutch.
Geology, geography, zoology, ecology—a veritable
natural history of this most fascinating land forma-
tion—and landmark. 8 pp. of photos, 2 line draw-
ings, index. $1.25

N-21 OBSERVATIONS AND EXPERIMENTS IN
NATURAL HISTORY. Alan Dale. A unique do-it-
yourself book of field studv and observation by the
British teacher and writer. 8 pp. of photos, 28 hne
drawings, index. 95(;

N-22 EARLY MAN IN THE NEW WORLD. Kenneth
MacGowan and Joseph A. Hester. Provides the
latest evidence and discusses the current hvpotheses
on the life and habits of early man. Revised and
updated. 95 line drawings, index. $1.45

N-23 THE HERITAGE OF THE BOUNTY. Harry L.
Shapiro. The story of the famous mutineers who
fled to Pitcairn Island with a discussion of cultural
intermixture, inbreeding, and human ecology as
observed by the author. 10 pp. of photos, maps,
index. $1.25

N-24 THEODORE ROOSEVELT'S AMERICA. Theo-
dore Roosevelt, edited bv Farida A. Wiley. From
his accounts of experiences in the Bad Lands of
Dakota to the dense jungles of the Amazon, these
excerpts show T.R. as an intrepid and zealous ex-
plorer in natural history. 12 pp. of illus., index. $1.45

Available at your bookstore, or from.

DOUBLEDAY & CO., INC.
Dept. 2-NH5, Garden City, N. Y.

Please send me the books whose num-
bers I have indicated.

STATE-
Q Bill me, plus shipping charges.

Payment of $ enclosed

D (Check Money Order) for pre-paid
shipment by publisher.



A beautiful new edition

of a classic book

The Book of

BIRD LIFE
SECOND REVISED EDITION

By Arthur A. Allen. More than
200 photographs — including 16
pages in brilliant full color — and
76 paintings by Dr. William C.

Dilger illustrate this new up-to-
date edition of the bird lover's

favorite reference book. Nineteen
comprehensive chapters cover
everything from classification
and behavior to bird photography.

$9.75

Other nature book fa vorites

Animals Alive
by Austin H. Clark. Offers an entertain-
ing and informative understanding into
the checks and balances of nature. $6.00

American
Social Insects
by Charles D. and Mary H. Michener.
The absorbing story, generously illus-

trated, of the community life of those
insects that live in groups or colonies.

$6.95

American Seashells
by R. Tucker Abbott. 1500 varieties of
sea shells and mollusks found in shallow
water are discussed and illustrated. $13.75

Introducing Sea Shells
by R. Tucker Abbott. Includes the his-

tory of sea shells, how to hunt for them,
and how to prepare the shells you obtain.

$2.60

The Natural History of
North American
Amphibians and Reptiles
by James A. Oliver. Full of odd facts and
new research, this is a major contribu-
tion to natural history. $6.95

American Spiders
by Willis .1. Gertech. Generously illus-

trated, this book describes the spiders
found in America and how they live.

work, and reproduce. $7.95

Any of the books described above may be
ordered from your favorite bookseller, or
directly from the publishers at the address
below.

D. VAN NOSTRAND COMPANY, INC.

Dept. NH-5T
120 Alexander Street, Princeton, N. J.

Reviews
Diverse approaches

to "popular" anthropology

By Colin M. Turnbuli

The Heart of the Hunter, by Laurens

van der Post. William Morrow, $4.50;

268 pp., illus. It Began in Babel, by

Herbert Wendt. Houghton Mifflin Co.

$6.50; 444 pp., illus.

In the past four years several popular

books have been written about the

Bushmen of the Kalahari Desert in

southwest Africa. Laurens van der Post

has accounted for two of these works:

The Lost World of the Kalahari and its

sequel, The Heart of the Hunter.

In the first work, van der Post writes

of his search in the desert for the people

of his childhood dreams, and if the book

is more about the search than the people,

it is nonetheless interesting. The physi-

cal journey into the Kalahari over, the

author finds himself faced with an even

more difficult and exciting journey—

a

journey of the mind. And so in The
Heart of the Hunter he picks up the story

and states his position clearly. He does

not feel qualified to write as a scholar,

nor does he want to. He says: "All I can

claim is to have had a perhaps unique

experience and the right to try and com-

municate, not knowledge, but the experi-

ence itself. I hope I have learned by now,

the danger and futility of trying to im-

prove on one's own truth,"

We are then taken on a tour into the

inner world of the Bushman, and begin

to see with Bushman eyes. The vehicle

for this splendid journey is composed of

the legends and dreams of the Bushmen
themselves, and when we emerge the

whole world looks different. The sands of

the desert, its hidden waters and fruits,

every living thing upon it— all have new
meaning. The sun and the moon, the

wind and the rain, are no longer what
we thought them to be.

Nor do we have to trust entirely to the

wisdom of van der Post's interpretations.

He gives us the facts and we can do what
we like with them. He tells us what they

mean to him, and in view of his unique

experience and his ability to detach him-

self from his subject as readily as he be-

comes attached, we would do well to con-

sider his opinions carefully. Experi-

ence is not scientifically conclusive,

but van der Post has done a great ser-

vice by offering a more than reasonabl

springboard for further scientific

quiry. This is no small achievement, bu

perhaps an even greater one is the open

ing up of this new world to the intelli V

gent and sensitive layman. Even tryinj
'^'

to summarize The Heart of the Hunte
would be to do it a great disservice. I

should be read from cover to cover

preferably, though not essentially, afte *

reading The Lost World of the Kalahari

It is often said that scientific account

should be free from any personal emo
tion and personal involvement. Laureni

van der Post does not set out to write sci

entific accounts, but even if he had dom
so, both his emotions and his involvemen

would have stood him in good stead. No
being bound by rigid scientific method
ology, he is able to jump headlong intc'

the realm of emotion and belief, and he

does so with insight and wisdom.

In conclusion, it is worth noting thai

van der Post is writing about a peopk
of his native land. From earliest child-

hood he heard Bushmen's tales from""

their own lips and from the lips of his

grandfather, who knew them before they

were driven into the remotest regions of

the Kalahari by a relentless civilization

The author is profoundly concerned with

what civilization is doing to these re-

markable people, and his book is in the
J

nature of a criticism of his own people

and their blindness to the really true and
great values of life. The Heart of the

Hunter is not only an enchanting book,

it is an important one. and it has mean-
ing for all of us in our own troubled

world, so unlike that of the Kalahari

'1

jfl

POPULAR books are being published

with increasing frequency in the field

of anthropology, and seem to be pro-

duced to meet an increasing interest on

the part of the buying public. But the

results of this "popularization" are notj

always as successful as van der Post's.

It Began in Babel is the title of a singu-

larly unattractive book by Herbert

Wendt, who attempts to delve into the

somewhat cloudy waters of the origins

of mankind. It has an apt title, as the^

author's inept, inaccurate, and fre-i

quently unintelligible voice only adds



wther to the confusion, and leads the

der to wish that it had ended in Babel,

jrhroughout, Wendt deplores "pseudo-

entists," yet in his "Acknowledge-

'nts" he pretentiously thanks '"special-

5 of all kinds" and "the ethnologists,

;heologists and students of civilization,

; biologists and anthropologists, direc-

s of museums and the librarians from

lom I learnt so much. . .
." He then

mages to mention the names of Mar-

ret Mead, Ruth Benedict, and the Fro-

nius Institute and implies that they are

a sense responsible for what is to

How. The bibliography is full of re-

Iwned names, and Mr. Wendt modestly

ktes that his aim is ".
. . to revise and

lit together, in all its richness and

eadth, the available material."

HIS imposing fa(;ade begins to totter

as we look at the contents list and

d headings such as: '"Barbarians and

onsters," "Heathens and Slaves," and

Ihen we find that the one reputable-

funding heading, "Totem and Taboo"

lot very original) , covers a section that

ts nothing to do with either totem or

jboo. It crumbles significantly when the

it of illustrations is checked with the

lotographs. The first plate is of

lermes," a marble by Praxiteles, show-

g traditional, classic Greek features,

at the caption explains that the statue

. . shows the facial characteristics

hich the Greeks attributed to the 'bar-

arians,' their name for all those who
ere not Greek." In the course of his

(searches, Mr. Wendt presumably dis-

»vered that Hermes was not Greek. And
Bhat of his allusion to the Jutland

lummy (plate 26) as "an ancient Ger-

iian"? But worse is yet to come. Plate

jp bears the caption: "The Watussi are

lasters between the Nile and the Zam-

ezi. King Munsa entertained the ex-

lorer Schweinfurth in the nineteenth

entury." Either the lay public is not

xpected to know better, or else this

idicates the general level of research

one by Mr. Wendt or by his publisher,

or the picture is indeed of King Munsa,

ut he happened to belong to the Mang-
etu tribe, not the Watussi—the latter

eing several hundred miles away and

otally unrelated. Even less excusable is

late 20, whose caption reads: "A sculp-

ure of a primitive tribe of Vedda des-

ent in India." The object reproduced is,

n fact, one of the best-known and most

asily identifiable of all African carvings

a funerary mask of the Bakota people.

It is not that Mr. Wendt's facts are all

wrong, even though many are demon-
trably so. It is rather that, having

Mr. Turnbull, an ethnologist with
The American Museum, is author
of The Forest People, published last

autumn by Simon and Schuster, Inc.

created exactly the pseudoscientific aura

that he decries, he then pontificates upon

subjects that are still completely unde-

cided and controversial. It is precisely

because It Began in Babel is so very bad

that it needs a review to act as a warn-

ing for unwary laymen.

The author begins by using the rather

feeble technique of pretending to have

been an eyewitness to events that took

place hundreds or thousands of years

ago. We see Herodotus, in the year 445

B.C.. giving a lecture in Athens, with a

friendly, slightly ironical smile on his

face and. of course, with his eyes twink-

ling. The lecture seems to bear out

Wendt's personal and condescending ap-

proach—that other peoples, even if they

do have rather strange customs and seem

a bit on the primitive side, are not really

so bad once you get to know them. The
early writer Galen is criticized for say-

ing that ".
. . the Negro is characterized

by his crinkly hair, meager growth of

beard, large nostrils, thick lips, evil body
smell and black complexion . . . and is

passionately fond of all kinds of games
and pleasures." On this we get precisely

the kind of comment from Wendt that

we might expect: "In the main, these

observations are true; there is only a

very noticeable disdain in the way Galen

puts them together. . .
." But what about

Mr. Wendt's reference to the Negritos as

" 'little nigger boys'," or his assertion

about the African Pygmies: ".
. . in one

respect the critics of the Pygmy race

have told no lies, the forest dwarfs smell

abominably!"

There is, however, one excellent quote.

It is taken from a Babylonian tablet:

"If you really think about it, people on

the whole are very stupid."

LET us look for a moment at some of

I the things that Wendt attributes to

unnamed scientists: "Today, most an-

thropologists accept that the Boskop
race, once so tall and strong and promis-

ing, degenerated to the level of the Bush-

men—either through climatic influences

or by being driven into the desert by

more powerful tribes." And with regard

to the same Bushmen, now considered

together with the Hottentot: "yet so

Hamitic do they both look that the

majority of experts class them together

in the 'Khoi-San racial group.'
"

Any anthropologist will demand to

know who these "experts" are who talk

of "degeneration." or who class peoples

together as one race because they "look

so Hamitic." It is difficult, even given a

good imagination, to see anything Hami-

tic in a Bushman. The usual popular

trend is to see something Mongoloid.

There are some who see scientific

grounds for connecting Boskop with

present-day Bushmen, but in any case

there is no implication of "degenera-

tion," which is Wendt's own coloring.
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As for his other assertion that this "de-

generation" took place "either through

climatic influences or by being driven

into the desert by more powerful tribes,"

there are not many reputable scientists

who would be as confident as he.

THE author is obsessed by the notion

that small peoples are degenerates,

and he uses the term "dwarf" and "dwarf

race," to imply degeneracy or abnormal-

ity. Now we must concede the possibility

that the translator, James Kirkup, is at

fault here, and in the original German
the term might have been Ziverg Volker

rather than Zwerg, the former being

better translated "dwarf people" than

"dwarf race," although it remains a

misnomer. Further, he states: "That iso-

lated human tribes or groups very soon

become dwarfs under unfavorable con-

ditions is proved by numerous examples,

the best known of which is that of the

Vikings of Greenland." One moment he

specifically refers to the climate as the

cause, and next, when the actual cause

of a physiological change (that could

hardly be called degeneracy of a normal

race into a race of dwarfs) is probably

interbreeding rather than climate, he

chooses not to be specific. And, of his

"numerous examples," this is the only

one he troubles to mention.

More examples of "Wendtisms":

"Anthropologists refer to the Veddas as

'delicately-built savage types of human
being.' " This antiquated language is

typical of Wendt, not anthropologists.

"The Anthropologists look upon them

(the Zande tribe of Africa) as model

human beings." Anthropologists are not

in the habit of passing judgments of this

kind, because such comments have no

scientific validity or foundation.

"But the ethnologists apparently

found this [the South Sea Islander's

horror of incest, adultery, and sexual

perversions] only extremely queer and

comical." This is going a little too far,

for if Wendt had even a small fraction

of the respect he says he feels for scien-

tific investigation, he would not present

so ridiculous a picture of an anthropolo-

gist, nor would he have done so had he

understood scientific discipline.

Now, all this leads us to examine Mr.

Wendt's several "Acknowledgements" a

little more carefully. I am sure that

neither Margaret Mead nor the late Ruth
Benedict would agree that the customs

of the "savages" they studied were "only

extremely queer and comical," and the

Frobenius Institute must equally be ab-

solved. They are presumably thrown in,

with most of the standard works quoted

in the bibliography, as window dressing.

and there is little evidence of research

of any substantial nature.

It is not surprising that, apart from a

great many half-truths and errors of

omission, there are errors of commission

as well. The author devotes much timi

and space to Africa, although his wholi

section on the origin of the African Ne
groes seems to be devoted to saying tha

they are not African because: "All prim

itive Africans, ignoring Neanderthal c
even older human types, belong broadl;

speaking to European humanity." Thet

follows a revealing statement: "A men
detailed examination of the complicatec

system of culture-groups in Africa wouk
take us beyond the bounds of the pres

ent work . . . there is no 'real Negrc

civilization'. . .

."

In the same section, engagingly

titled "Gulliver and the dwarfs," tb
author states: "All fieldworkers wh(

have visited the Ituri forest assert tha!

they have never seen any poisonec

weapons among the pygmies." Later hf

refers to Martin Gusinde and Paul Sch&
besta, both of whom have written numer
ous works on the Ituri Pygmies. In these

works, constant references are made tc

arrows poisoned. There is hardly a single

traveler's narrative that does not testify

to their use, many museums have them
in their collections, and we even knoT/i

the nature of the poisons.

WENDT also endeavors to explain some

.

rather outdated theories of evolu-

tion. Possibly mistaking a recent revival
|

of an interest in Morgan's notions on

cultural evolution, Wendt champions the ,

old, disproved notion that a culture has

to pass through certain stages of de-

velopment, moving "from savagery to

barbarism." There are recent thoughts
.

that culture as a whole may perhaps fol-

low a general evolutionary pattern, but

there is no idea that every individual

culture has to do so—there are far too

many cases of considerable gaps being

bridged by the increasingly rapid pro-

cess of culture contact. But Mr. Wendt's
contention, and this is one of the few
original things he has to say, is that the

colonial powers in Africa are to be held

responsible for arresting ".
. . an histori-

cal process's normal development." He
justifiably criticizes colonial powers in

Africa for much that they have done,

but the thought that they should have
done nothing to lead the African from
tribalism to a wider nationalism would
not appeal to many Africans. This is, in

fact, what has happened in the Congo,
with self-evident results.

If I have nothing good to say about
the book it is because it is inaccurate,

unscientific, and confused. There is a

wealth of first-rate material readily

available to the popular writer who
wants to investigate the subject, but in

spite of pretensions of indebtedness to

scientists, Wendt seems to have pre-

ferred his own individual world of make-
believe throughout. The distinction of

this book lies in its signal disservice to

its subject and to any intelligent reader.



vj BRIEF
\ Wilderness: East to Katahdin,

b William 0. Douglas. Doiibleday &
q,$4.95;290pp.,illus.

tstice Douglas' second volume of

l/v Wilderness is characterized by his

16 enthusiastic and open approach to

American wilds. It is good to hear

n a man who still knows how to walk

to stop for beauty ; who knows na-

e whether he is in the Great Smokies,

zona, Maine, or the C. & 0. Canal out

Washington, D.C. He is a useful trav-

for he reminds us all of winds in the

es, mountain flowers, rivers where the

lit still run; of true wildness in an

I in which humans have tamed nature

in which civilized greed and over-

indance threaten our natural heritage.

1 may be minor carping, but the pub-

ler might have helped this book's

le. It is often flat and staccato. And

we have to have : "I felt like I was in a

5in on top of the world"? It may be

lish in use in some circles, but it is

t yet good English usage.

'. r.Y. The Year of the New Moons,

: J. Tuzo Wilson. Alfred A. Knopf,

. 95; 350 pp., illus.

{this book is an extremely interesting

roundup of the events of the Inter-

lional Geophysical Year by a Cana-

n scientist who traveled throughout

world during this time. Those who
hope for mankind through interna-

nal scientific endeavor should be en-

uraged after reading of the close col-

Doration and co-operation among men
many nationalities, who combined to

ike a new picture of the vastness and

ijesty of the earth and the universe.

. Wilson's discussion of earthquakes,

aciation, radiation, oceanography,

an's satellites, and the sun, is relaxed,

)od-humored, and intelligent. The de-

riptions of travel in Russia and China

e enlightening because of the traveler's

spassionate and sympathetic approach,

id his cool, scientific way of looking at

le works and its problems.

EETLES, by Ewald Reitter. G. P. Put-

im's Sons, $20.00; 205 pp., illus.

BEETLES are the largest order of ani-

mals on the face of the earth. There

e more than four times as many de-

;ribed species in this group as there are

hordates—from Amphioxus to Homo
ipiens. As a result, an author intending

compile what is essentially a popular

icture book of these creatures is faced

ith the difficult task of deciding on what

asis he will select some 230 specimens

cm the 277.000 available species.

Happily. Ewald Reitter decided to por-

tray (with one or two exceptions) the

largest and most bizarre forms, not only

of coleopterology but of entomology in

general. These animals are revealed in

larger-than-life colored photographic re-

productions. The 60 plates are unques-

tionably the outstanding feature of the

book, for the color reproduction is splen-

did and subtle, and the beetles are

grouped beautifully on each plate.

Since the gaudy beetles are restricted

to a mere handful of families, this book

is obviously taxonomically unbalanced.

However, the pictures admirably per-

suade the viewer to read the text, a more

balanced introduction to the Coleoptera.

There, Reiter discusses in terms intended

for the non-entomologist, evolutionary

beginning, anatomy, ontogenetic devel-

opment, classification, zoogeography, ec-

ology, body sizes, sexual dimorphism, and

relationships with man in his economy

and culture. To present all these subjects

in 56 pages, even of folio proportions, is

a limitation to the author. But Reitter

has coped with the problem in good

fashion and his book is recommended to

everyone, whether or not they are inter-

ested in beetles. Even the doubtful may

well change their minds after examining

the magnificent pictures.

Paradoxically, although the illustra-

tive material receives my highest praise,

it also serves as the basis for my most

critical remarks. First, while the photo-

graphs are beautiful, the line drawings

used to demonstrate the anatomy of the

adult tiger beetle are mediocre at best.

The sclerites are confusingly delineated,

the label pointers often end at inappro-

priate places, and there are several out-

right errors in the labels. In view of the

expense and effort spent on reproducing

the color photographs, why was not a

little more attention devoted to the sim-

ple, inexpensive line drawings? Second,

the general reader would better under-

stand and appreciate the section on in-

ternal anatomy if line drawings of the

major systems had been included. Third,

although a single larva—that of a scarab

—was shown, the reader is entitled to a

photograph, or at least a line drawing,

of a beetle egg and of a pupa.

Finally, and this is meant not as a

criticism but as an explanation, it would

be well for the American reader to keep

in mind that the book was written by a

European, and was originally drafted in

German. It is self-admittedly slanted

toward a European audience, in spite of

the fact that the specimens depicted are

from all parts of the globe. This should

help elucidate Reitter's seeming pre-

occupation with European species. Euro-

pean entomologists, and European en-

tomoloaical institutions.
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Wilderness Islands

of the North
Rising land in the Baltic Sea sustains varied animal life
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By Paul L. Errington

jToRRTALjE Skargarden is an ar-

l|l chipelago that extends eastward

il|o the Baltic Sea from the vicinity

[the small Swedish industrial city of

rrtalje. Norrtiilje itself lies about

:y miles northeast of Stockholm. For

linething like 100.000 years much of

pndinavia — including this area —
crushed under the weight of the

t glacial ice sheet. Today, some
4)00 years after the melting of this

iilossal overburden, the land is still

['ringing up at the rate of about a foot

and a half each century. It is literally

rising out of the sea.

As a visiting biologist, I became ac-

quainted with the Norrtiilje area dur-

ing two spring months spent at Uppsala

University's nearby field station on

Lake Erken. I was particularly eager

to see as much as possible of what

remained of the wild in this part of

Sweden. Away from the farm lands

and villages extend natural woods,

rocky hills, bogs, swamps, and lakes—

a great deal of only partly tamed wil-

derness. It is true that the original

population of wolves and bears has

gone, that many other wilderness life

forms are depleted in numbers, and

that lumbermen's cuttings and roads

invade some of the wildest tracts. Still,

the land and water in secluded places

continue to represent some of the as-

pects of the former wilderness.

Here and there, from deep woods to

the Baltic shore, can be seen badger

"sign"—the long-used dens in rocky

crevices, the superficial diggings, the

tracks, and the droppings. The large

proportion of plant food eaten by these

badgers offers a remarkable contrast

to the carnivorous and insectivorous

Red fox stalks through thick spring

foliage of an island in the archipelago.

Loosely linked island chains stretch

intermittently to an indistinct horizon.



diet of the North American species.

Beneath the roost trees of the local

tawny owl (a relative of our American

barred owl I lie castings made up of

remains of the same types of small

vertebrate prey that a barred owl

would be likely to eat under similar

conditions. Feeding perches of the

tawny owl will also have under them

feathers of a small bird, dropped frag-

ments of a mouse or shrew, or egg

masses of frogs—discarded in the same

way that North American predators

commonly discard unrelished items.

Red foxes range the meadows, cut-

over tracts, and shore zones, leaving

their spoor along trails, and bounding

away when surprised.

IN'
the woods, the hazel hens—the

nearest European equivalent to our

ruffed grouse—look and act like our

own ruffed grouse. Also sheltered here

are big forest grouse, the capercaillie,

and droppings made up of pine needles

attest to the marvelous digestive sys-

tem of these birds. Overhead, familiar

woodcock dash back and forth in their

erratic, mating season flight.

The deeper woodlands, more nearly

unbroken, contain forest in which a

Mirrored in quiet water, two badgers

move along the edge of tangled thicket.

stranger might become thoroughly lost.

Only game trails lead into these depths.

Here are the cow-sized hoofprints of

moose, and conifers and hardwoods

with bitten-off twigs and stripped bark

show where the moose had fed. A mar-

ten has worked on the forest floor, and

in the wet spring snow are lynx tracks.

Many places may remind one of the

prehistoric hunters who ranged over

land then newly emerged from ice and

sea. The Norrtalje area has dozens of

Stone Age burial grounds, and the

mounds and stone memorials are now
high up on banks that must not have

been much above the waters of the

coastline at the time of the builders.

Thoughts of wild human hunters and

their prey come easily as one walks

ridges and hilltops and peers down
through forest growths toward the

lakes and bays. It is easy to think of

old ice and new land, the slow ad-

vances and withdrawals of ice sheets,

freezings and meltings, the comings

and goings of a subarctic sun over cen-

Female lynx, one of area's powerful

nighttime predators, devours a bird.



WHEN the archipelago is viewed

from the right places, it is seen

stretching farther and farther out to

sea; wooded islands at first, and then

islands with little vegetation on them.

In the distance, they look like a broken

line, and if one looks out far enough,

it is hard to be absolutely sure what

is land and what is water.

As guests of a party of ornitholo-

gists, my wife and I had our first op-

portunity to go out onto a Baltic archi-

pelago one sunlit Sunday in the middle

of May. In a chartered fishing boat,

during one of the rare calm interludes

in Norrtalje's spring, we spent nearly

all of one whole day.

Our expert fisherman-pilot just

kept to a marked navigation channel

for an hour or two as we headed out-

ward. The vegetation on the islands

that we first passed was chiefly of co-

niferous or mixed forest. As we went

even farther out. the coniferous forest

tended to be replaced by hardwoods.

Ultimately, not much remained that

could be designated as forest at all.

There were irregularly distributed

hardwood trees, of small size; thickets

and mats of juniper and deciduous

bushes; birch zones; heather patches;

ropean badger has less carnivorous

diet than does North American species.

turies and millenniums, life adjusting

again and again, in its own ways,

wherever it belonged. It is easy to

think of glacial ice as being a part of

the Scandinavian scene in its geologi-

cal manifestations, if not in its imme-

diate presence; it is easy to think of

it not being so very far away, at all.

WHENEVER 1 found myself in a

position to look out upon the

nearest islands of the Norrtalje Archi-

pelago, I could see that the islands

themselves showed evidences of being

hiotic continuations of the mainland's

peninsulas. Both islands and penin-

sulas hold about the same kinds of liv-

ing things, or "sign" of living things.

Alike, their lower rock tops show the

fishbones and scales of otter droppings,

fresh and weathered. Buzzard hawks,

crows, gulls, crested grebes, goosan-

ders, tufted ducks, a few pochards and

scaups, and scattered pairs of mallards

are to be seen. There may be mute

swans in the reef-frinsed waters.

In a small clearing a Swedish moose
suckles her wobbly four-day-old calf.



Otters apparently range throughout the region. Fishbones
discarded on the rocky shores are signs of their presence.
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Un. Emu NCI O.N, ;i zooli>(;isl with tlio

Agricultural Experiment Station at

Iowa State University, lias hecn a
visiting professor at the Swedish
universities of Ljipsala and Lund.

mossy growths; lichen-covered rocks.

Where nothing could grow, the rocks

and gravel lay exposed, but something
adapted to the role usually grew wher-

ever growth was possible—even in the

most wave-beaten places.

In studying these islands I thought

of the continuity of the pioneering

thrusts and adjustments of all living

things, of life insisting upon living as

it could. The changes in vegetation,

which became apparent as we moved
deeper into this archipelago, were
rather similar to those one could see

while moving from low to high alti-

tudes in mountainous regions. Close in

along the coast ( the equivalent in al-

titude to a region of lowlands or foot-

hills
) , were all of the denser forest

growths. Farther out ( or up ) , came the

birches and thickets and then the lesser

tundra or alpine plants. Finally, far

out I or far up
)

, were nearly bare rocks.

OUT in the archipelago, the rocks

showed beneath the surface of the

water as grayish, yellowish, or green-

ish blotches, which faded into the most

indefinite outlines or sometimes into

no real outlines at all. Our boat passed

so close to some of these blotchy for-

mations that I nervousl) wondered if

our fisherman-pilot had seen them as

he steered along the outskirts of island

clusters, islets, and huge protruding or

partly hidden boulders in a section of

Swedish coastline into which very few

people ever ventured.

As we poked along carefully, search-

ing for a place to anchor, we could

look down through the water at blue

mussels and slimy rocks and sodden

pieces of wood. Ashore in this rocky

region one might, in some places, walk

with ease from islet to islet if careful

not to step in water that would slosh

over the boot tops, and not to slip or

to lose one's balance.

The rockier islands of fair size

—

from one to several acres in area—were

mostly occupied by nesting colonies of

different gull species. They sat on the

island rocks unless we approached

close enough to put them, protesting,

into the air. Some of the islands had

nests of eider duck as well as of gulls.

Sometimes the eiders seemed satisfied

with little more than token nestinsr

13



Mute swans, flying in formation over
islands, breed in southern Scandinavia.

cover. At least, there they were, in *

patches of low vegetation, tucked inW

angles made by rock edges, the nest:

hardly even partially concealed. Per-

haps the eiders were running out oi

choices for nest sites or perhaps they*

chose to nest near gulls for the protec

tion against raiders that the noisy gull '«

colonies might afford. In either event
• many eiders nested on gull islands.

The most popular islands for nest

ing eiders, however, were those having

thickets of juniper, carpets of heather,

and arctic-alpine types of small plants

irregularly covering the rocks. In the

shallows about these islands or on the

wet rocks around the edges, we could

'

see eider droppings consisting of

crushed mussel shells.

Eiders would not be everywhere,

even in the archipelago belt so obvi

ously suited to them, but on one island

we found so many eiders that we de-

cided to walk along the shore to avoid ™

Graceful Arctic tern defends single,

speckled egg that lies on open ground.

Tawny owl shows serrated wing tips

in low night flight across a hillside.

14



-I ml ling them unnecessarily. Despite

II (are. incui)ating females kept

isliini; frimi their nests. Then we
iLilil cover the exposed eggs with a

;lil layer of ground litter to make
1111 less conspicuous to egg-eating

iil>. Four eider hens flushed from

lii nests in one patch of heather

line ten feet in diameter as we cut

niss a point on the way to our boat.

II \ariety, a shoveler hen. almost an

.art Counterpart of the shoveler hens

at nest in the Dakotas, flushed from

nest among those of the eiders.

4 LL the flushed eider hens alighted

-\ on the water a couple of hundred

11 il- away, where they sat until we
ll. Vs the boat again headed deeper

ilo the archipelago, we watched the

^ders gradually return to the island;

rst a few, then they were all back.

V pair of sea eagles circled over

le islands and the open sea. We saw

three eagle nests in small trees: one

was old and falling apart, with most

of the nest on the ground. The islands

in the vicinity of these eagle nests had

no nesting colonies of gulls or eiders,

but we did flush a black grouse from

near the one recently maintained eagle

nest that we visited. This was on an

island on which were boggy spots,

heather, and grassy growths—much the

sort of terrain that a black grouse

would be apt to choose on the main-

land—and there the bird was, with

miles of water between it and anything

else resembling its habitat.

There were other mainland crea-

tures in the archipelago, too: so far

out that I wondered how they got there.

Way out on the principal eider island

on which our party landed, a viper

was sunning itself on a flat rock. It

tried to slip away as we approached.

I wanted a picture and so headed it

off, and the snake turned to strike

Eider dick, here floating in waters

of Baltic Sea, abounds in region.



Full moon gleams over juniper clumps on an island far out
in the archipelago where sparse vegetation replaces forest.

Draped between two limbs, a marten sleeps through part

of the day. Animal is more arboreal during summer months.

at my boots as I blocked its movements
in all directions and stood over it

while making the photograph. My last

view in the ground glass was of two
and a half feet of glistening black

snake disappearing into the heather.

THE question of what a viper might
be eating on this island, so distant

from the mainland, was soon answered.

We saw vole "sign"'—burrows, paths,

cuttings, and droppings — throughout

the grass, heather, and low growths.

The interest of other predators in the

vole populations of these islands was
further demonstrated by vole bones

and fur in faded, wintertime owl pel-

lets that lay on some of the rock sur-

faces. The pellets looked like those of

short-eared owls, but they could have
been those of the tawny or Ural owl

or perhaps even the hawk owl or the

snowy owl. The owls in question neces-

sarily had to be among those that hunt

where the cold winds blow and where
some ground drifts over with snow
while other ground stays bare: where
the nights are long and daylight is

restricted to a few hours of sun and
to long dawns and twilights.

We traveled far into what is known
as the outer archipelago of Norrtalje

i6

Skiirgarden, but never so far that we
could not see still more islands and
islets—clumps and strings of them like

distant reefs—lying still farther ahead.

The quiet sea and its emerging land

became part of a hazed-over, dream-
like horizon. Something very old and

fundamental seemed to characterize

the setting, something older than the

Baltic Sea itself or any one glacial or

interglacial stage.

I searched in my mind, as I have

often done in other parts of the world,

to identify some feature with what
James Norman Hall had referred to as

the "spirit of the place." Perhaps it

could be identified with the winds or

the waves, with their capabilities for

dominating violence. Or, it might be

identified with the rocks coming out

of the water or lying just beneath.

Despite the calmness of the day and
the visibility of the subsurface rocks,

it was not hard to imagine being out

on these waters when deadly turmoil

might constitute the spirit.

\et. more truly, some form of life

should characterize this outer archi-

pelago. Besides the eiders, gulls, and
sea eagles, we saw velvet scoters, tufted

ducks, mergansers and black guille-

mots. We saw razorbill auks that our

hosts likened to stubby, flying cigars

as they arose in front of the boat and
swept past us. Flocks of hundreds of

long-tailed ducks sat on the water, and
the males called. As I think now of our

spring day's visit, I can make only one

nomination for the spirit of the place—
the calling of the long-tails, one of the

most wildly beautiful sounds in nature.

At times, these calls would come as

a distant chorus, rising and falling,

building up and letting down. Or the

chorus might come from a large flock

nearby, to build up and come over in

a wavelike "ah-ah-oo-lee, ah-ah-oo-

lee.' The Swedes refer to this call of

the long-tails as a spring song, or a

hymn of the islands and of the sea.

Whether one thinks of it as that, or as

a breeding season ritual, it is its own
essence of the wild and free.

THE flocking long-tailed ducks do
not even stay to breed in Norrtalje

Skargarden. When their spring migra-

tion is over, their calling will no longer

be the spirit of the archipelago. But,

in the memory I carry with me, this

will always be the sound of the islands

and islets, of the gentle sunshine and
long reaches of quiet water and indis-

tinct horizons reaching north and east.
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NEW WORLD'
A court physician of sixteenth-century Spain first recordedili

By Donald G. Humphrey

NATURAL HISTORY in the New World is often considered

to have begun with the landing of Columbus and the

invasion of Mexico by the conquistadors. Even the earliest

letters of Cortes to his king, Charles V, include references

to the curious plant and animal products of the new land.

The true history of the flora and fauna, however, begins

long before 1522, for the native inhabitants, who already

were highly civilized, may be said to have begun researches

in the natural history of the area. It is doubtful that any

other early peoples took a greater interest in botanical and

zoological matters. It is certain that at the time of the

Spanish conquest none of the European nations was much
superior to the Aztecs in knowledge of respective native

biota. In one aspect, at least, the Aztecs were much more

advanced, for they had established botanical and zoological

gardens on an elaborate scale, far beyond any undertak-

ings of a similar nature that had been attempted in the

Old World at that period in history.

The close association of the zoological and botanical

gardens was of practical significance as well as indicative

of a strong interest in natural history. The Aztec people

acquired an intimate knowledge of the medicinal properties

and economic potential of the flora and fauna, and un-

doubtedly these gardens furnished plants and animals for

the royal physicians. This practical use was complemented

by a true aesthetic appreciation of plants for their beauty

alone, a fact that illustrates further the degree to which

civilization developed in pre-Columbian America.

REPORTS of various aspects of Aztec healing arts reached

Philip II, son of Charles V, who became interested

in both the medicinal and commercial value of the plants,

animals, and minerals of the American colonies. Philip

turned to Francisco Hernandez, a royal physician, and

assigned him to write the natural, ancient, and political

history of New Spain, and to explore and map it.

Hernandez remains biographically rather little known.

It is believed that he was born in Toledo, perhaps in the

year 1.514. He graduated as a medical doctor from the Uni-

versity of Salamanca, and later became a court physician

in the Escorial, the royal palace.

In 1570, Hernandez, with the new title of Protomedico

de Nueva Espafia, set sail for Mexico accompanied by his

son and his assistant, the cosmographer Francisco Domin-

guez. For seven years Hernandez traveled the conquered

territory, interviewing the Aztecs, collecting plant, animal,

and mineral specimens, viewing the uses made of the flora

i8

Each book of the Reecho version

of Hernandez' natural history volume

and fauna, learning their native names, reproducing them

in paintings, testing their medicinal value, and recording

the results of his various findings. That he was tireless in

performing his duties can be seen in the obstacles he sur-

mounted, for while Philip was generous in his support of

the expedition, appropriating for it the considerable sum
of 60,000 ducats, the King appears to have underestimated

the magnitude of the task. Hernandez was hampered by a

lack of financial resources; only intense application en-

abled him to carry out his commission, in some instances

with extreme privation. Five years had been allotted to him !



VIEWS
lants and animals of Mexico

I gins with this sketch showing

iVLihiiie, orchid, manatee, and bison.

Dracunculus Monoceros and other

dragons were discussed in some detail.

) finish the task, but he remained for two more, engaged

ontinually in his work and without time to practice his

rofession. thus losing the opportunity of earning more

lan 20,000 pesos in medical salary for two years.

Hernandez' enthusiastic observation and experimenta-

tion at times placed him in peril. Tales of the floral

venders of a country more than forty leagues beyond the

;reat city of Mexico encouraged him to make his long,

ortuous journey to the west coast of this new land. It was

here, in Michoacan, that he nearly perished from having

eaten, in his zeal for experimentation, the latex of a shrub

the Aztecs called Chupiri. This is Euphorbia calyculata, a

strong purgative. He visited the famous gardens of Atzca-

potzalco. Texcoco, and Huaxtepec. and the gardens and

hospital at Huaxtepec particularly attracted his attention;

much of his important work was done there. Taking advan-

tage of his title of Protomedico, he was able to observe the

hospitals and the Aztec physicians to gain a more complete

knowledge of the materia medica of the land.

The result of this seven years' labor was a monumental

study, beautifully illustrated by local artists, that com-
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Vulture, still called tzopilotl,

was also named cozquaquauhtli, which

means "collared bird of prey."

Handflower tree is one of best

known Mexican plants. Its flowers were

used as an anti-epileptic medicine.

Although called axolotl, common name
for salamander, this animal is

probably a reptile, not amphibian.

Odd description of this bird,

perhaps a cormorant, treats its use

by the English for catching fish.

Drawing of a white pelican in Reecho

version is unmistakable. Other

birds shown are harder to identify.



Manatee, or sea cow, a marine

mammal, was depicted with hoofs more
appropriate to terrestrial animal.

Hernandez saw many big game animals

in Aztec zoos. Animal shown here

may be North American pronghorn.

Woodcut shows bird of paradise.

Sketches in Reecho's work were redrawn

from Aztec art in Hernandez original.

Each book of the Reecho compendium,

published between 1628 and 1651, ended

with this picture of an orchid.
^sWv*?



prised the first complete natural history of the New World.

Hernandez' work, a masterpiece of industry and erudition,

was composed of sixteen volumes (six of text, ten of illus-

trations I that more than fulfilled his royal commission.

It would be pleasant to be able to report that this manu-
script, which accompanied Hernandez on his return to

Spain in 1577, was published immediately by Philip, as

Hernandez had evidently believed it would, and that the

original volumes were now available for study. Such is not

the case. Both Hernandez and his works were ill-fated.

IN the fall of 1.577. his mission accomplished. Hernandez
returned to Madrid, taking with him his manuscripts

and illustrations, as well as a herbarium with live plants

and many native seeds to adorn the royal gardens of Spain.

The seven years of excessive and arduous travel, the worry
and embarrassment about financial matters, and the cool-

ness and sometimes open hostility shown the Protomedico

by envious lesser officials in New Spain had undermined
Hernandez' health. The cost of assistants, artists, materials,

travel, and the extra two years of work had exhausted his

finances. His dreams of seeing his work published were
soon to be shattered: instead of being sent to the printer,

the manuscripts were buried in the library of the Escorial,

although "with every honor," as the Mexican scholar Nico-

las Leon wrote, for they "were beautifully bound, in blue

leather covered and worked with gold, with clasps, corners

and ornaments of silver, all very heavy and of excellent

workmanship and design." The handsomely colored illus-

trations, drawn by Aztec artists, were placed on exhibit

and also adorned the private apartment of Philip II.

Dejected by the failure of the King to publish his writ-

ings, wearied, and in ill-health from his long and arduous
labors in the New World. Hernandez died in January of

1587, deprived of the satisfaction of seeing his monu-
mental natural history in print. Today he lies in an un-

marked grave, forgotten by his countrymen.

Three or four copies of his natural history were left in

New Spain for use there. Of these manuscripts nothing is

Rattlesnake, found only in New World, was wrillcn of

by Hernandez, who described how hollow fangs inject venom.

Dr. Humphrey, whose article about Francisco Hernandez'
first natural history of the New World is an outgrowth of
a long interest in the history of science, is Chairman of
Oregon State University's Department of General Science.

known ; it is probable that all were lost within a few years
of their preparation. As for the volumes in Spain, the great

fire of June 7 and 8, 1671, consumed the Royal Monastery
of the Escorial and destroyed the works of Hernandez.
Thus, the world lost the complete, original works of the first

comprehensive natural history of the New World.
Shortly after the death of Hernandez, the King appointed

another of his court physicians. Dr. Antonio Reecho, an
Italian, to make a compendium of the medically valuable
part of the Hernandez manuscript. Reecho's competence
has been questioned; nevertheless, without his labor it is

doubtful that any part of Hernandez' work would ever
have seen print. However, Reecho's compendium, com-
pleted in 1589, met with no better immediate fate than the

original, for it, too, remained unpublished and was taken
to Naples by its compiler. This Reecho compendium was
used by Juan de Barrios in a short treatise published in

1607, and also served as the basis for a book by Francisco
Ximenez, published in Mexico in 1615 under the title

Cuatro Libros de la Naturaleza y Virtudes Medicinales de
las Planlas y Animates de la Nueva Espana. Neither of these

books was illustrated. After Reecho's death, his work was
sold by his nephew to Prince Frederico Cesi, duke of Aqua
Sparta, a devoted student of natural history and founder,
in 1603, of the Accademia del Lincei—the Society of

Lynxes—which counted Galileo among its earliest members.

PRINCE Cesi did not stint in preparing the Reecho com-
pendium for publication. With other learned members

of the Society of Lynxes, he had illustrations in perspec-

tive made from the original Hernandez material and ar-

ranged and annotated the text. In rendering the Hernandez
illustrations. Prince Cesi's artists did not reproduce the

color, nor did they include the Aztec symbols that indicated

the habitat of the plants and animals. They worked with

great skill, however, and it is to them that we are indebted

for some of the first illustrations of American plants and
animals. Although the Society of Lynxes completed its

work on the Reecho compendium by 1628, the exact date

of the Editio Princeps is in doubt. Dates cited range from
1628 to 1651. The illustrations that appear with this article

are taken from the beautiful 1651 edition.

The complete work as it appears in the 1651 edition is

in two volumes, bound together, with each volume divided

into several books. Only the first volume is related directly

to the work of Hernandez. The second one is devoted to

commentaries and contributions of the various scholars of

the society. Included in the first volume are descriptions of

some 400 plants, along with 350 engravings. An appendix
to this section includes about 300 drawings of native plants

with but scant descriptive material. Hernandez describes

or refers to more than 1,200 native plants. The ninth book
describes some 25 animals, and the tenth treats the minerals

of the land. This work is of great historic interest, not only

because it is the first extensive publication dealing with the

natural history of the New World, but also because of the

scholarly work done by Hernandez. Even in the light of

more recent studies this singular achievement still re-

tains its position as a work of high fidelity and authority.



Native dog is presented as an ungainly creature of

Lizarre proportions. The Aztec artists who illustrated the

Hernandez manuscript worked in color. Revised for

Reecho's volume, the drawings appeared in black and white.

Hernandez' depiction of the bison, which he called

Taurus Mexicanus. was one of the first pictures published

of this animal. Bison is discussed in great detail

in Reecho compendium by a member of the Society of Lynxes.
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Great white heron, one of Europe's

rarest birds, stands with mate at nest.

Plumes were once so fashionable that

collectors nearly exterminated species.

A Bird Search

in Hungary
Despite pressures, most species flourish

By Guy Mountfort Photographs by Eric Hosking

IN
PREWAR DAYS. Hungary was a

mecca for ornithologists, and the

fame of the rare birds inhabiting the

great Hortobagy Plain and the Lake

Balaton regions was world-wide. To-

day, like so much of the rest of Europe,

Hungary has undergone a rapid trans-

formation. Huge areas, which were

unspoiled wilderness a few years ago,

have succumbed to the tractor and

bulldozer. The Hortobagy, where pic-

turesquely dressed "cowboys" for-

merly herded thousands of horses

across the vast prairie, has been taken

over by collective farms. The once

numerous troops of great bustards-

Europe's largest game birds — that

strutted over the prairie are steadily

diminishing in numbers. They still

breed in the huge cornfields, but few

of their nests escape the blades of the

mechanical reapers. Lake Balaton it-

self, one of the most beautiful lakes

of Central Europe, is now ringed with

holiday camps and hotels.

Sad though these inevitable develop-

ments are to naturalists, the situation

for rare birds in Hungary is neverthe-

less no more alarming than in many
other lands where the pressure of hu-

man population has increased. The

Hungarian government's record in

matters of conservation is a good one.

Several strictly protected sanctuaries

have been established, and at least

some species of rare birds have been

able to maintain their numbers in spite

of the country's rapid industrializa-
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tion and intensive collective farmins:

during the postwar years.

In order to obtain an up-to-date

assessment of the status of Hungary's

rare birds, a group of six British orni-

thologists was given permission bv the

Hungarian government to explore the

country in May and June of 1961. The
Hungarian Institute of Ornithology

and the Natural History Museum in

Budapest provided willing co-opera-

tion. Visits were made to all the cen-

ters of interest in the plains, forests,

marshes, and mountains. Several thou-

sand valuable photographs and many
sound-recordings were obtained. Prob-

ably the most important discover\ was
that Hungary's great white heron, one

of Europe's rarest and most spectacu-

lar birds, had actually increased in

numbers. This species is related to the

American great white heron, which

occurs in the state of Florida and in

the Caribbean area.

PHOTOGRAPHING the small Hungar-

ian population of great white her-

ons proved to be unexpectedly difficult,

as they are excessively shy, unlike other

heron species. Although their chief re-

maining breeding grounds are in the

Caspian Delta of the Volga and the

Black Sea Delta of the Danube, small

colonies have survived in Austria,

Hungary, and Macedonia. At the turn

of the century, they came close to total

extermination and the birds are still

on the danger list, although they are

no longer slaughtered for their beau-

tiful "aigrette" plumes. While on win-

ter migration, many still fall to the

trigger-happy sportsmen of the Medi-

terranean countries.

There were spoonbill colonies nest-

ing at Lake Velence and in the Kisbal-

aton sanctuary. Only a hundred miles

separates these two areas, yet all the

birds at Lake Velence were incubatins

eggs at a time when the Kisbalaton

colony had young already learning to

fly. Each time a parent arrived with

food there was indescribable commo-
tion as all the young birds rushed for-

ward, begging shrilly to be fed. The
adult was chased round and round the

lagoon until its rightful young fought

their way to its side and forced it to

regurgitate the food. This was done by
seizing the parent's bill and tugging it

downward, and then thrusting its spat-

ula-shaped bill into the parental gullet.

As PURPLE HERON extends neck, left,

two nestlings seem to imitate action.



Male little egret, with wings spread,

presents mate with stick for the nest.

The large birds of prey in Hungary

appear not to have diminished in num-

bers to any greater degree than in most

\\estern countries. Both imperial and

lesser spotted eagles were still found

nesting in some regions. An exception

is the white-tailed eagle, which has the

distinction of being Europe's largest

bird of prey (apart from the carrion-

eating vultures). Apparently no more

than three or four pairs of these ma-

jestic birds remain in Hungary, and

the only known area where they still

nest is in the southern valley of the

Danube near the Yugoslavian frontier.

AN exciting incident was uiinessed

one day in the Vertes Mountains,

when the nest of an imperial eagle was

being examined. A pair of saker fal-

cons, which had a nest nearby, sud-

denly attacked the flying eagles, diving

on them repeatedly at tremendous

speed. The much larger eagles dodged

this way and that, rolling over on their

backs and snatching at the falcons with

Like American snowy egret, this bird

has black legs and bright yellow feet.

their huge yellow talons, but the fierce

little falcons won the field.

A major problem to Hungarian con-

servationists is the egg-collecting that

is carried on, chiefly by well-educated

people who sell clutches to collectors

in other countries. As an example,

news reached the British expedition

that some rose-colored starlings, a

species that had not nested in Hungary

for twenty-five years, had just been

discovered breeding in the valley of

the Tisza River. These striking pink-

and-black birds are of Asiatic origin.

Thev are wanderers and nest in east-

ern Europe only at rare intervals. After

an arduous journey of 250 miles, the

expedition members located the spot

where the birds had been seen, only to

discover that every one of the seven-

teen nests had already been robbed by

energetic collectors

!

A remarkable variety of interesting

birds was discovered in the Kisbalaton

marshes. Apart from the great white

herons and spoonbills, there were
Black "mustache" is field mark of

male bearded tit, here covering nest.
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Cormorant droppings kill trees, thus

depleting nesting sites for other birds. Squacco heron is peach-colored and

has a vivid blue, green, and black bill.
thriving colonies of gray herons, pur-

ple herons, little egrets, night herons,

and squacco herons. The three last-

mentioned species were found nesting

side by side in bushes. Most of the

trees in the marsh had already been

killed by the excreta dropped by nest-

ing cormorants, which have greatly

increased since the war; measures to

cut down their population are now
planned in order to enable the rarer

species to find sufficient nest sites. :

LAKE Velence, which is almost two

J hours' drive from Budapest, was

noteworthy for the many species of

smaller birds that nested in its exten-

sive reed-beds, and for the hosts of

ducks and waders in its adjacent

marshes. The tame little bitterns were

the favorites with the photographers.

At one nest, a photographer missed
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lis footing while stepping from the

)oat to the blind, and fell in the lake

(vith a big splash. A little bittern, sit-

>: on her nest only six feet away,

nerely stretched up her long neck and

regarded the commotion with unwink-

ing yellow eyes before settling back

Dn her eggs. The colorful little crakes,

which are no larger than starlings,

were equally tame and permitted them-

selves to be examined on their nests

at a distance of only three feet. The

blue-headed males did most of the in-

cubating, but were difficult to photo-

graph because of the rapidity with

which they pulled dead vegetation

over their nests and themselves when

they settled on the eggs. They have

(remarkable "songs" — a descending

scale of explosive, quacking notes,

which die away in a rapid chuckle.

Among the smallest occupants of

Little bittern appears unconcerned

at close approach of the photographer.

Older spoonbills in a nesting colony

are distinguished from young by crests.



Female
photogra

LITTLE CRAKE is difficult tO

ph at nest, despite abundance
of them at Lake Velence, as eggs are

incubated almost exclusively by male.

Y(ji .N(, i.\(,].i. ()\M,, i;iir(,|ii-V Iiiif;i->1,

snaps at intruders from its cave nest

jji Maira .Mdiinlaiii^, u Ihtc il> part'iits

have deposited a mole and a hedgehog.

Mr. Mountfort is secretary of tlie

British Ornithologists' Union; Mr.
HosKiNG is England's foremost bird
photographer. Their trip to Hungary,
documented here, was made in 1961.

the reed-beds, the bearded tits were the
|

most plentiful. The males, distin-

guished by black "mustaches," are re-

markably acrobatic on the wing, and I

are certainly the most entertaining to

observe of all the twelve species of

European tits. It was while photo-

graphing the nest of a bearded tit that

the expedition narrowly missed disas-

ter. A sectional metal pylon had been

erected in the bed of the lake to enable

a blind to be raised above the level of

the water at the edge of the reeds. The
photographer had just emerged after

several hours in the blind, when a

violent storm broke. The boat contain-

ing him and other members of the

party had gone barely fifty feet away
when, with a blinding flash, the pylon

was struck by lightning.

WHILE it was working in Hun-
gary's heavily wooded mountain

ranges, the expedition was able to see

eight of the nine species of Europe's

woodpeckers. The most numerous was
the Syrian woodpecker, which was

common even in the vineyards and city

parks. Two nests of Europe's largest

owl, the eagle owl, were found after

the party climbed some rocky cliffs.

This bird somewhat resembles the

American great horned owl and is cap-

able of killing deer fawns or foxes,

though it preys chiefly on rodents.

Photographs were taken of one of this

species' fierce nestlings, snapping its

bill viciously at the intruders.

There was no shortage of brightly

colored birds. Golden orioles, in bril-

liant yellow and black, were singing

everywhere. Colonies of exotic bee-

eaters were nesting in many sandy cut-

tings. Boldly colored hoopoes, with

their high, fan-shaped crests, were

feeding young in hollow trees in every

wood. Handsome blue-and-chestnut

rollers could be seen perched on tele-

graph wires along the main highways.

In spite of having neither seacoasts nor

high mountains, Hungary can boast of

an exceptionally rich and varied pop-

ulation of wild birds, and the country

remains a wonderland for naturalists.

Mahsh crass at Lake Velence hides

simple nest of the black-tailed godwit.
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ladioactive minerals

id in decipherment
By Norman D.

and fossils both

of earth history

Newell

SCAItt:i;LV TWO HUNDRED YEARS AGO,

before j-'eology became a system-

;ilic study, it was generally believed

that the earth was unchanging and its

mountains, valleys, seas, and rivers

were viewed as the products of orig-

inal creation. Although such an idea

did not harmonize with men's frequent

discoveries of fossil sea shells and the

bones of strange animals among the

rocks in mines or on mountain ridges,

the concept was rarely challenged. To-

day, of course, we interpret the fossil

record as documentary evidence of

evolutionary changes among living

creatures, and we realize that the rocks

of the earth's crust tell a story of dy-

namic changes in climate and in the

distribution of land and sea. We also

know that comparable changes in the

landscape are even now taking place

throughout the world but that, gen-

erally, these changes are so slow by

human standards as to escape notice.

The reason for this contrast in view

between our eighteenth-century ances-

tors and ourselves revolves largely

about the development of methods for

dating geological events. This capacity

to analyze occurrences that took place

millions of years ago is one of the tri-

umphs of modern geology, and one

that had to be achieved before a his-

tory of the earth could be written. By

means of these dating methods, a

standard scale of geologic time has

been developed that provides the basis

for deciphering in some detail geo-

logical and evolutionary events of the

past one-half billion years. Further,

the same methods furnish us with scat-

tered dates that reach back nearly to

the beginning of the earth—some 4.5

billion years ago.

The layers of sedimentary rock that

make up the many strata of the earth's

crust, laid down gradually as deposits

of mud and sand during many millions

of years, may be imagined as a great

book—its subject, earth history—lying

face downward, with its earliest pages

the bottom ones. Thus, geological his-

tory could scarcely have been w^ritten

until the individual strata, or pages,

were accurately identified at scattered

localities and then dated in chrono-

logical order. One major advance in

the reading of this record took place

in 1799 when William "Strata" Smith.

the English surveyor, demonstrated

Grand Canyon's rock layers, nearly

one mile in thickness, contain fossil

records of successive geological ages.

^^IjT
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Typical invertebrate fossils from sequence of strata at

two sites some 200 miles apart form basis for determining

that successive sedimentary layers of

the earth's crust contained fossilized

animals and plants of kinds that al-

lowed identification of the particular

strata in which they were found. The
sequence of these fossil faunas and

floras, in turn, provided chronological

indication of the geological ages in

which the fossils had lived. As Smith

put it in a paper published in 1816:

"The organized Fossils (which might

be called the antiquities of Nature
)

,

and their localities also, may be under-

stood by all, even the most illiterate:

for they are so fixed in the earth as not

to be mistaken or misplaced: and may
be as readily referred to in any part of

the course of the Stratum which con-

tains them, as in the cabinets of the

curious: and, consequently, they fur-

nish the best of all clues to a knowl-

edge of the Soil and Substrata."

THE nomenclature of the geological

time scale has gradually devel-

oped over a period of many years, and

the names chosen for the major divi-

sions are neither uniform nor con-

sistent. For example, very early the

rocks of the earth's crust were classi-

fied, from older to younger, into Pri-

mary, Secondary, Tertiary, and Qua-

ternary, and the last two names are

still in general use for geologic sys-

e

Smith's drawings, above, supported
his ideas on sequence of fossil forms.

Vertical section of Grand Canjoii ami liii- clifls to ils

north show various sedimentary units. At extreme bottom
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their relative geologic ages. Only one specimen from the

groups of fossils from each stratum has been illustrated.

tems. In other cases, the systems and

their equivalent periods were named
for regions in Europe and elsewhere.

For example, the Cambrian, Ordovi-

cian, and Silurian systems were first

worked out in the nineteenth century

and named in Wales, after the Roman
name for that country (Cambria),

and the names of ancient Celtic tribes

that formerly lived there (Ordovices

and Silures I . The Pennsylvanian sys-

tem (or subsystem ) was named for the

state of Pennsylvania, where rocks of

this age are well displayed; Mississip-

pian, for the Mississippi Valley; and

Permian, for the province of Perm, in

Russia. The Jurassic system was

named for the Jura Mountains, along

the border between France and Swit-

zerland. Other systems, in turn, were

named for outstanding physical char-

acteristics; for example, Carbonifer-

ous (for coal-bearing ) , Cretaceous (for

chalk-bearing I , Triassic ( for its three-

fold character
)

, and the like. Subdi-

visions of the various systems, in turn,

are known as series ( their equivalent

duration in time are called epochs)

and are further divided into stages

(equivalent time duration, ages).

For the most part, the series and

stages are named for geographical lo-

calities, but many carry names that

indicate the general level of evolution

of characteristic fossils (for example,

Eocene, "dawn of the recent" ) . Fi-

nally, the systems themselves were

grouped in three larger time divisions

that are known as eras. These three

are the Paleozoic (for "ancient life" I

.

the Mesozoic (for "middle life'' I . and

the Cenozoic (for "modern life").

The strata that represent these three

eras are underlain by the oldest rocks,

the Precambrian, which contain few,

if any, remains of animals and only a

few low forms of plants. Consequently,

Precambrian rocks are not readily

classified in world-wide systems and

series. The subsequent, and abund-

antly fossiliferous, systems are some-

ALTITUDE
7,500 FT.

lie Precambrian rocks. Broken lines at top indicate the

extent of the beds as they appeared before canyon was cut.
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HALF OF ORIGINAL ELEMENT DECAYS TO "'fSpF IN YEARS

Uranium 235

Thorium 232

Rubidium 87|

times grouped in the Phanerozoic (for

"evident life"j eon of geologic time.

THIS paleontological method of

dating rocks has resuUed in a

universally adopted scale of relative

chronology that provides the basis for

classifying and mapping fossiliferous

rocks according to their age relation-

ships. Geological events in the history

of a region, such as times of igneous

activity, glaciation, mountain build-

ing, and the like, are dated by means
of fossils that were living at the time

these events occurred, and the fossils,

themselves, furnish a surprisingly de-

tailed history of life. It must be recog-

nized, however, that the fossil record

does not indicate the absolute age of

rocks, but can show only that a par-

ticular fossil assemblage is older or

younger than, or the same age as,

other groups of fossils. Only recently

methods for measuring absolute age

in years have become available.

In the early days of modern science,

during the seventeenth and eighteenth

centuries, Christendom held the opin-

ion that the age of the earth was about

6.000 years—an opinion based on a

literal interpretation of biblical gene-

alogies. Shakespeare's As You Like h
(1599), for example, contains the

statement: "The poor world is about

6,000 years old. . .
." Indeed, in 1654,

Archbishop Ussher proclaimed that

creation had occurred precisely in

4004 B.C., and this date found wide

popular acceptance until the end of

the nineteenth century.

In 1899, however, the Irish geolo-

gist Joly undertook the calculation of

the ocean's absolute age along lines

suggested earlier by Edmund Halley,

the British astronomer royal. Halley
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ISOTOPE

Lead 206 4,500 million

Lead 207 710 million

Lead 208 ..14,000 million

Strontium 87. 4,700 million

Argon 40 1,300 million

A .,... 5,600 million

had argued that the salinity of the

ocean is a result of the accumulation

of dissolved salts carried to it by the

earth's rivers and streams. Assuming
that the original ocean had been fresh,

Joly divided the sea's estimated total

sodium by the estimated annual incre-

ment that was delivered by streams.

In this way, he obtained a figure of

approximately 100 million years. The
simplicity of this calculation was at-

tractive, and most geologists felt that

Joly's figure at least provided a reli-

able minimum age for the earth, even

though it was realized that his estimate

was probably much too low, as the

present rate of land erosion and trans-

portation of sodium to the sea un-

doubtedly was higher than in the past.

It was not until the twentieth cen-

tury that modern geochronology was
born, based on Henri Becquerel's

discovery in 1896 of radioactivity in

uranium. In 1907 a Yale Professor of

Physics, Bertram Boltwood, showed
how to make use of radioactive iso-

topes to date rocks of the earth's crust.

These isotopes are elemental sub-

stances that are found not only in

many natural minerals, but also in the

carbon-bearing structures of such or-

ganic materials as wood and mollus-

can shells. Radioactive isotopes break

down, or "decay," at uniform rates

and become transformed into stable,

non-radioactive isotopes in the proc-

ess. Since the specific rate of decay,

or "half-life," is quite accurately
known, precise measurement of the

In addition lo being Chairman and
Curalor of The American Museum's
Department of Fossil Invertebrates,
Dr. Newell is also a Professor of
Geology with Columbia University.

ratio between radioactive and stable

isotopes in a mineral or organic sam-

ple permits calculation of the sample's

age in years according to the equation:

The decay constant, or half-life, of a

radioactive isotope is the length of

time required for the disintegration

of one-half of any amount of the iso-

tope. This can be stated in a different

way. A radioactive element (A) de-

cays at a known rate into a second

element (B ) . If all of the B came from
A, the ratio of B to A indicates how
long ago the rock containing the ele-

ment was formed. Uranium 238 is a

radioactive element found combined
with oxygen in the mineral uraninite.

(The number 238 refers to the ele-

ment's mass number. I It decays into

lead ( Pb2(i(; I by a series of radioactive

changes. The half-life for U^gg has

been established as 4,500 million years,

irrespective of temperature, chemical

conditions, or pressure. In other

words, in 4,500 million years, a single

gram of Uaas would be reduced to

one-half gram, and 4,500 million years

later one-fourth of the original gram
would be left. Hence, precise analysis

of the lead-uranium ratio reveals the

age of uraninite-bearing rocks. Other

radioactive elements currently used in

dating studies are found in the half-life

chart on page 36.

THE decay constants for many
radioactive isotopes are currently

known to within 5 per cent error (in

some cases that error is probably small-

er than 2 per cent I . Other sources of

error lie in the chemical analysis itself,

in the degree to which the sample has

been altered chemically since it was
formed, and. finally, in the determina-

tion of the stratigraphic position or

the paleontological age of the sample.

Even so, constant refinement of tech-

niques of isotope dating has resulted

in steady increases in estimates of the

earth's age. Indeed, from Joly's 100
million figure, the apparent age of the

earth has, in recent years, increased

at a rate of approximately one billion

years per decade. But there are good
reasons to believe that this figure will

finally be established at something less

than five billion years. For example,

isotopic dates of a number of meteor-

ites indicate an age near 4.5 billion

years for these celestial objects, and



most astronomers believe that all iiie-

teorites originated contemporaneously

with the solar system and the earth.

THE oldest isotopic date thus far

established for terrestrial rocks is

3.4 billion )ears, a measure obtained

from igneous pegmatites intruded into

older sedimentary rocks ( thus mark-

ing the sediments as the more ancient

formation ) found in Rhodesia and in

the Murmansk region of Russia. The

somewhat younger Bulawayan series

of Rhodesia consists of metamorphosed

sedimentary rocks containing calcare-

ous deposits — cryptozoon — that are

generally attributed to low forms of

algae. These rocks, too, are intruded

by, and hence are older than, igneous

rocks that are dated at about 2.6 bil-

lion years. Both the character of the

Bulawayan rocks and the fossil evi-

dence of plant life that they contain

suggest that the surface temperatures

and atmosphere of the earth at that

remote date were not greatly different

from what they are today.

To trace the earliest records of life

farther forward, it is possible to turn

to the unequivocal remains of uni-

cellular plants that have been found

in the rocks of the Gunflint formation,

north of Lake Superior. These rocks

are radio-dated to about 1.7 billion

years. However, undoubted remains

or traces of animals are strangely

lacking in rocks older than about 600

million years. By then, some 86 per

cent of geologic time lies in the past.

Our knowledge of the earth has in-

creased immeasurably since the eight-

eenth century, when it was thought

that the whole history of the cosmos

could be crowded into 6.000 years.

Paleontology has provided a pano-

ramic view of the evolution of life, and

this furnishes us with a geologic time

scale for dating and correlating in

considerable detail events of later

earth history. But this time scale has

been only relative, without fixed points.

Absolute dates are now being supplied

with increasing frequency and ac-

curacy by studies of radioactive min-

erals. Isotope analyses are gradually

supplementing and reinforcing the

paleontological method for dating

events in earth history. The use of

radioactive isotopes for this purpose

has proved conclusively that earth and

the solar system are of great antiquity,

and prospects are good that a definite

date may ultimately be given to the

origin not only of the earth, but the

entire solar system, as well.

GEOLOGIC TIME SCALE

SYSTEM
AND
PERIOD

QUATERNARY

SERIES

AND
EPOCH

SOME DISTINCTIVE FEATURES
YEARS
BEFORE
PRESENT

Mode
PLEISTOCENE |

Eorly mon; norlhern glaciotion

PALEOCENE

CRETACEOUS

Large

First obundanT grazing

J^orge

Many modern types of i

First placental nols

First flowering plants; climax of

dinosaurs and ammonites,

fallowed by extinction

First birds, first m
dinosaurs and on

abundant

CARBONI-
FEROUS

PENNSYLVANIAN

MISSISSIPPIAN

First dinosaurs. Abundant cycads

and conifers

Extinction of many kinds of morine
animals, including trilobites. Southe

glaciotion

Great cool forests, conifers. First

reptiles

Sharks and amphibians obundont.
Large and numerous scale trees and
seed ferns

ORDOVICIAN

PRECAMBRIAN

First omphibions and ammonites;

fishes abundant

First terrestrial plants ond animals

First fishes; invertebrates dominont

First obundont record of marine

life; trilobites dominant

Fossils extremely rare, consisting

of primitive oquatic plants.

Evidence of glaciotion. Oldest

doted algoe, over 2600 million

years; oldest doted meteorites

4500 million years

11 thousand

'.2 to 2 million

13 ±1 million

25 itl million

36 ±2 million

58 ±2 million

63 ±2 million

181 ±5 million

230 ±10 million

280 ±10 million

345 ±10milli(

405
:

425 :

: 10 million

: 10 million
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Naturalists'

Notebook

Dandelion inflorescence, above, has

many whole flowers within it. Bracts,

not petals, are at flower head's base.

Striking pattern of tiny individual

florets surrounded by pappus hairs is

seen in a cross section of flower head.

HIDDEN WORLD
OF PLANTS

Even simple flowers show complex beauty

MWY OF THE world's most fa-

miliar flowers can be found in

the enormous Compositae family.

There are the asters and daisies, the

goldenrods and thistles. They are dis-

tinguished by the compound flower

heads, which take a great variety of

forms. Some, such as daisies, have a

central disk of tiny tubular florets en-

tirely surrounded by rays. Others are

ravless. while some — including the

dandelion—bear strap-shaped florets.

It is the dandelion, beloved by chil-

dren and anathema to gardeners,

whose intricate structure—from young

38

flower head, or inflorescence, to seed-

bearing pappus— is so dramatically ex-

posed on these pages.

The photomicrographs were made
by Dr. C. Postma, a practicing physi-

cian in Bussum, Holland, whose book,

Plant Marvels in Miniature, was re-

cently published in this country by

The John Day Company. Each picture

took some two months to complete.

The result is an astonishing record of

the miracle of plant composition, and

fulfills Dr. Postma's hope that those

who see his pictures "will look with

a fresh eye at the plants around them."
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ONCITUDINAL SECTION of flowcr head

lows ovaries at the bottom, topped by

raceful hairs that make up the pappus.

Two WHITE NUCLEI gleam in the cavity

of a minute portion of single ovary's

center. This magnification is 2300X.
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Mature pappi, above left, form clock '.

that vanishes as the wind detaches and
disperses seed-bearing pieces, at left.



Multitude of hairs radiate from the

center of pappus. Here, at one time,

all of the flower parts were attached.
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Bridegroom, wearing a leopard skin over cowhide cape and
carrying an oryx horn, is accompanied by men and women of

his village as he sets oul for neighboring enclave where his

arrival is awaited by his bride-to-be and all of her relatives.
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Marriage Economy:

The Karamojon
Rites establish status of both bride and groom through barter

AMAN OF THE KARAMOJONG TRIBE

of northeast Uganda can say of

a woman "I like her," or "I want her."

But the expression "to love," with its

compHcated romantic connotations, is

absent from their language. This does

not mean that genuine attachments be-

tween men and women are absent from

this herding society. Sexual interests

and attachments are as intense among
them as they are in our own culture.

By Rada and Neville Dyson-Hudson

But for the Karamojong, these inter-

ests are viewed in terms of eventual

marriage; and marriage is not only

the emotional union of two persons; it

is also a more general social union

between two groups of people.

Never to marry is considered by the

Karamojong to be a great personal

misfortune that afflicts only those

physically crippled, mentally sick, or

poor to the point of destitution and

dependence on others. For a man, par-

ticularly, marriage is of the greatest

social and economic importance. It is

the means of founding a family, which
gives him status in the community; it

is the means of providing himself with

a larger group of relatives f his wife's)

,

who will help him in trouble or in

disputes with others.

Before a man even thinks of mar-

riage, however, he must first consider

Relatives of the bride and groom sit on stools in the shade
and argue over livestock in ritual that is almost economic

blackmail. Plume-carrying spokesman for groom pleads

poverty, insisting that the bride's people lessen demands.
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his cattle resources and then survey

the number of people who are closely

related to the girl he has chosen, for

each close relative of the bride must

receive one or more animals on her

marriage: a cow, an ox, a donkey, or

at the very least a goat or sheep. Thus,

a poor man may marry a girl with

only one brother, and five cattle may
perhaps be all the bridewealth he needs

to give. But a rich man would rather

choose a girl with many relatives,

since he thus acquires a large number
of supporters. He may give 200 head

of stock to the bride's relatives.

When a young man sets his mind on

marrying a particular girl, and has to

Blood and milk, are mixed with fat in

wooden bowl at bargaining sessions.



lonsider exchanging cattle for her,

here are other persons who must be

jrought into the discussion. Older

Caramojong often have several wives.

Lach wife and her children make up

,)ne unit in a complex family. The head

j)f the family is the husband of all the

jivives, the father of all the children,

'jnd the owner of the livestock herd

j:hat provides the family with its main

food. The prospective husband thus

must discuss his choice with other men
of his family. Most important are his

father, as owner of the family's live-

stock, and his brothers, as members

of the family unit that will share the

herd upon their father's death.

ETviiN if a man has his own inde-

j pendent herd, he may not marry

without consulting his father or, if his

father is dead, his oldest paternal

uncle. This is because marriage joins

not just two individuals, but two en-

tire groups. Taking a wife thus means

taking a whole set of in-laws; and it

is almost as important for the in-laws

to get on well together as it is for the

husband and wife. For the Karamo-

jong, the choosing of a wife agreed

to by the head of the clan is particu-

larly important, because a man's clan

must look after the widow and family,

should he die, by finding her a new
husband from within the clan. A fur-

ther virtue of having an older man
make the final decision is that he can

decide dispassionatel) whether the cat-

tle left in the herd after the dispersal

of wedding gifts are sufficient to sup-

port the young man and his new bride,

in addition to any other wives and

children he may already have.

Most often, a girl accepts her fa-

ther's choice of husband—usually the

man who can offer the most cattle. It

is to her advantage to marry a man
wealthy in cattle, since she and her

children will then have ample food.

But this is not always the case.

Longolio was a very wealthy man,

with seven wives and seventy-two liv-

DuRiNC THE BARTERING, bride IS hiding in hut. Boys and girls

go to drag her out, above, and, while she protests, far left.

she must not be too adamant, or it will be taken by relatives

on both sides as refusal on her part to complete ceremony.
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Two OF groom's relatives lead bride away to his village,

accompanied by the rest of the party. Procession is noisy.

and includes ritualistic shouting to herald their approach,
which always concludes with entrance through cattle corral.

ing descendants. His second wife was
a tall, strong woman who had nine

children, all of whom survived. Her
oldest daughter, Apuun, was very like

her mother. Three wealthy men wanted

to marry the girl, and one offered her

family 200 cattle. She herself was at-

tached to a young man with very few

cattle. Apuun refused her father's

choice and threatened to hang herself

if she were forced to marry him. Fi-

nally, after much quarreling, tears,

and recriminations, she was allowed

to marry the poor man, and her family

received only ten head of stock. Her

Bride and croom are blessed by her
father and smeared with sacred clay.
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brothers still, several years later, speak

with disgust of the few cattle they

obtained. But Apuun is happy and
regularly visits her family, who re-

ceive her with cordiality.

IF
a marriage is likely to occur, the

next step is for the bridegroom to

visit his relatives and friends to collect

any additional livestock he may need,

for his father's herd or his own often

cannot provide them all. He carries an
oryx horn with a cow's tail on the end
—a symbol that clearly announces the

purpose of his visit, even before he
opens his conversations with the con-

ventional: "I have come to beg."

It may take the prospective bride-

groom many months before he suc-

ceeds in amassing all the stock he
requires. A father's brother in one area

may give an ox; a mother's brother

in another part of the country may
contribute a heifer; one friend gives a

goat or a sheep; another may even
give a donkey. When the begged stock

and those from his own family's herd
suffice, he goes to the girl's home to

tell her parents that he is ready. With
the girl's father, he informally runs
through the list of her relatives, enu-

merating animals that will go to each
person. A wedding day is fixed, and
the man returns to tell his relatives.

Groom, with his father and brothers,
counts cattle to be distributed, right.



As in our society, the women are

Dre interested in the bride than in

ly other aspect of the arrangements.

|ir the Karamojong women, the h'vjt-

fst festivities are connected with

tching the bride to the groom's vil-

ge. Ail the bridegroom's friends and

iatives gather in his village on the

orning of the wedding. The women
ease their hair and powder it with

ilverized black iron oxide, gathered

om the distant mountains. The girls

ash their beads, clean them with dry

eal. and grease them until they spar-

e. The married women smear their

^ck wires with milk fat and grease

eir necks and chests. The women
one section decorate their faces

id bodies with colored mud, spotting

emselves like the giraffe, the animal

at they revere. The men wear ostrich

athers and leg bells ; the groom wears

leopard skin, a cowskin cape, and

irries an oryx horn.

EVERYONE then sets out for the

bride's village, the men leading.

Each woman carries a straight stick

to symbolize that the marriage will

be straight and good. They go single

file down the narrow paths that con-

nect villages to each other, the women
shouting and dancing as they go. They
may imitate a giraffe, an elephant, or a

river, depending on the tribal section.

"Wha-wha. wha-wha, wha-wha,"
they cry, mimicking the neighing of a

zebra. The sound carries a long dis-

tance, announcing to all that they are

coming to fetch a bride.

The high spirits of the groom's party

are ostensibly dampened when they

arrive at the bride's village, for the

bride's male relatives feign complete

indifference. They sit beneath a tree

and talk unconcernedly as the groom's

friends and relatives enter the stock-

aded village through the cattle corral,

remove their shoes, and wait. The

women in the village carry on their

tasks, pretending not to notice the

large party of intruders sitting out-

side their compounds.

Finally, the guests are invited into

the compound of the bride's mother.

They enter barefooted, the stools they

carry are taken from them, and they

are seated on the ground in the hot

sun. The bride's male relatives are then

summoned by the groom's brother.

They keep their shoes on, file soberly

into the compound, and sit in relative

comfort on stools in the shade. The
two parties greet each other formally.

Although the number of cattle going

to each relative has been generally

agreed upon between the bridegroom

and the bride's father, this is an oppor-

tunity for the bride's relatives to try to

get a few more. The father of the bride

rises from his stool. "I speak of cattle,"

he gravely tells the groom and his

friends—and then enumerates relatives

#
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Ci.AY PIPE is smoked in an elaborate

ritual involving all of the participants.

and lists the stock they must receive

upon his daughter's marriage.

The most vocal of the groom's rela-

tives rises to reply. "Father, our cattle

are few. The sickness which is in the

land—it has killed our stock. Only a

very few remain. Our herds are now
but a few donkeys."

Both these are pieces of rhetoric,

because the actual hard bargaining is

done elsewhere. But they show quite

clearly that Karamojong marriage is

basically the exchange of cattle for

women, involving negotiations that

come close to being economic black-

mail. The bride's family pushes for all

the stock it can get; the groom's rela-

tives give as little as they can without

being overtly insulting.

THIS formality completed, the wed-

ding feast begins. Blood and milk

are mixed in a large wooden bowl, fat

is added, and each person in turn is

called to drink. Then beer is drunk in

the huts, and the discussion of cattle

is continued. The father of the bride,

made even more vociferous by beer,

repeatedly names the members of his

family who must receive stock, and

points out how seriously offended they

will be if they receive an inadequate

allocation. The mother of the bride

does the same thing.

During this whole period, the bride

is nowhere to be seen. She has been

hiding in another hut in the village.

The boys and girls who have been

drinking with the groom's party go to

search for her. When they find her,

the owner of the hut may protest and

refuse to let the boys and girls in until

the bride has been promised a sheep

or a goat. Finally, the girl is dragged

struggling from the house and into the

yard where her parents are waiting

with the groom and his relatives. It

is customary for her to protest and

look unhappy, and to weep at the

thought of leaving her home to live

with strangers—but she must not resist

too strongly. Too violent a protest may
be taken as a refusal to go through

with the wedding.

The bride's father blesses the couple

by smearing them in turn with sacred

gray clay. "Beget many children," he

says. "May you grow old."

All the other people are then blessed,

and their foreheads and chests are

smeared with clay. Two of the groom's

party take the girl's hands and lead

her away. She goes reluctantly, look-

ing back at the other village girls she

is leaving behind.

"Wha-wha, wha-wha, wha-wha," the

groom's relatives shout again as the

bride leaves her village. "Wha-wha,
wha-wha, wha-wha," they shout as

they approach the groom's village,

which is to be her new home.

As the people enter the groom's
village through the gate of the cat-

tle corral, they are blessed by being

sprinkled with water, and the cere-

mony is finished for the day.

Meanwhile, the groom makes sure

that all his cattle are present, ready

for the giving of the bridewealth on

the following day. All the bride's rela-

tives arrive the next morning, and wait

outside the gate of the cattle corral for

Co-wi\i^ \Nh -f~ 1 1 Fis-iN-i.AVV of hride each remove a neck
wire and prestMit it to the new relative as marriage symbol.

Goatskin skirt and apron signifying marriage are donned
by bride, above, who then is smeared with milk fat, right.
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I' stdck lo be driven oul. The firooni

r lie has his own herd I or his father

I ihe groom is still a dependent I will

|i(i\ise the distribution. The men
hIc through the corral, often knee-

M|i ill wet dung, selecting cattle, sepa-

liiiu them from the herd, and driving

iiin (lut to the waiting family.

"Drive out the cows of the father,"

! outs the bride's family from outside

I- riirral, and the promised animals

( driven out, under critical eyes.

)i;ivE the cows of the mother," they

call, and beasts that have been

^reed upon are cut out from the herd

the corral and driven out to the

aiting crowd. And so it continues,

he cow of the grandmother and the

andfather, of the mother's brother

id the father's sister, are all driven

it. The husband of the bride's older

ster should receive ten head of stock.

distant uncle may get a goat. Gen-

•al standards of suitable stock are

nown to everyone. But even at this

age, the bride's family will try to get

lore cattle than have already been

romised. They "remember" some for-

otten, distant relative, and demand
n animal for him. Or if an animal

lat has not been selected as a gift

reaks away from the herd and tries

) leave the corral, the bride's rela-

ves encourage it with cheers, and are

I'or three years Dr. Uyson-Hudson,
with her husband, Neville, lived with
Karainojong and photographed them.
She lectures at Khartoum University.

ready to claim it as an extra contri-

bution if it escapes. Meanwhile, the

groom or his helpers hasten to head

it off. If the animal does succeed in

escaping, a long discussion ensues.

The bride's party insists it is theirs,

the groom's party tries to get it back.

Even the bride, watching from the

compound near the corral, can inter-

fere in these discussions, and ask the

groom to give more cows to a particu-

lar relative who has been good to her.

After all the bride's relatives have

been satisfied, the close relatives of the

groom return with them to the bride's

village. There they sit on a white cow-

hide sleeping mat and smoke tobacco

with careful ritual. A clay pipe is filled

by an old woman of the bride's family

and given to the bride's father. When
he has smoked, the ash is emptied and

rubbed into the cowhide; the pipe is

then refilled and given to the groom's

father. Next the groom smokes, and

the pipe is passed to his mother-in-law.

After the pipe-smoking, the groom
and his party arise and dance slowly

and formally on the hide. Others join

in, and soon everyone is dancing—

often in the cattle corral. The people

are then iinited to the compound of

the bride's mother, where beer is

served. This amicably concludes the

exchange of cattle between the two

families and the transfer of a woman
from one family to the other.

A man is very careful not to show

favoritism among his wives. If there

is quarreling between wives, he beats

them both, to discourage future trou-

ble. For similar reasons, he avoids

having a new wife with the junior wife

she has just displaced. If he has two

wives, the new bride is put in the com-

pound of the senior wife until she

gets her own compound built. If there

is only one wife, the bride stays in a

hut in her mother-in-law's compound.

Although romantic love is not impor-

tant among the Karamojong, sexual

jealousy among co-wives is a com-

monly accepted feature of life. So,

after the formal wedding ceremony—
the exchange of cattle between the two

family groups—is completed, there still

remain domestic ceremonies by which

the bride is formally incorporated into

her new family association.

The groom has returned to his vil-

lage after the pipe-smoking ritual.

When the cattle return in the evening,

the groom calls his new wife to the

milking enclosure of the corral and

tells her to milk the cow he has chosen

for her. The milk from this cow will

j''(^'\,mw!'''



Hazing of bride incliules making her

carry vater in tiny pot, which is then

always be hers. He sits on his stool and

watches her; after she has finished

milking, the other women tell her to

remove the groom's marriage orna-

ments. Shyly, she approaches her new
husband and takes from him the leg

bells, shoes, and oryx horn he has

carried during the wedding ceremony.

She takes all these to her hut, and

sleeps with them by her side. Her
husband does not sleep in the same
hut with her until all the domestic

ceremonies have been completed.

THE following morning, all the

women and girls gather in the

compound where the new bride is stay-

ing. A white cowhide is pulled out of

the hut for the bride to sit on. Her
beads, worn only by unmarried girls,

are removed. The married women—
co-wives and sisters-in-law—then take

off one of their own neck wires or ear-

rings, which symbolize their married

status, and put it on the new member
of the family. The co-wives have pre-

pared new clothes for the bride, and
the small sheepskin skirt and bead

apron that she has worn as a single girl

are exchanged for the goatskin skirt

and apron of a married woman. She is

then blessed by being smeared with

milk fat by the co-wives.

The bride must then be shown the

three important domestic tasks of the
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deliberately knocked from her head by
attending women from groom's village.

women: collecting wood, fetching wa-

ter, and grinding grain. This gives her

a chance to get acquainted with the

village girls, who use the ceremonial to

indulge in mild hazing.

First, the girls take the bride to find

wood. They leave early and go a long

distance to find a particularly large

and tough log. After chopping it a few

times with their axes, they tell the

bride to finish the job. When this task

is completed, they return to the village,

entering through the cattle corral.

Next they take the bride to fetch

water. Each girl fills a water pot, but

Bride and one of her co-wives grind

sorghum together as part of ceremony.

the bride is given only a tiny gourd.l

As they return to the village, one of

the girls intentionally pushes the

gourd off the bride's head.

OH dear! Oh dear! I have broken
my mother's thing," the bride

cries in mock alarm, and the other

girls laugh. Once again, they return to

the village through the cattle corral.

Finally, a grindstone is made ready
for the bride. Another woman holds

the pestle with her, and both grind

some sorghum. Then the bride finishes

the grinding by herself.

The final stage of the hazing is

"making the bride fly." The boys all

get long, thin sticks, and wait inside

the gate of the corral as the bride and
the other women go once around the

village. When they enter through the

corral gate, the boys beat them — not

only the bride, but any woman who
has been troublesome to them. The
women flee to their huts, leaving the

boys laughing in the corral. The wed-

ding ceremony is now completed.

It would seem that the man has

everything to gain by marriage. He
acquires kinsmen, he begets children,

yet he loses none of his freedom to

come and go as he pleases. In this

polygamous society, any interest he

shows in other girls cannot be con-

demned, for it can always be inter-

preted as a preliminary to taking

another wife. For a girl, marriage

would seem less desirable. She gives

up the carefree life in her father's vil-

lage and becomes a menial in her hus-

band's village. She must wait on her

husband's mother, sisters, and other

wives, and behave in a docile and de-

mure manner. She gives up the free-

dom of going to dances (where she is

courted by and flirts with boys from
surrounding areas) and restricts her

attention to one man who, if he has

several wives, may neglect her part of

the time. Yet, although the girl ap-

parently has everything to lose and the

man everything to gain, it is often the

girl who chides her lover, and the

young man who is reluctant to marry.

The reason is perhaps that Karamo-
jong society is very much a man's

world. Women are all looked after, the

very few unmarried ones are cared

for by their fathers and later by their

brothers. But although a woman would
always be provided for as a daughter

and sister, it is only as a wife and
mother that she finds a secure place

and respected status among her people.



"Making the bride fly" is final step in hazing. Boys of

groom's village, carrying long, thin sticks, beat not only the

bride, but other women of party, all of whom flee from

them. This play completes the ritualistic wedding pattern.
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Constellation Sagittarius, ninth sign of the zodiac, is

lepicted as centaur drawing bow in a sketch from Hevelius'

Prodromus Astronomiae et FirTnamentum Sobiescianum

.

Area of Sagittarius is most dense of all fields of Milky Way.

SKY REPORTER
I

Diversity is the hallmark of the southern zodiac's constellations

By SiMONE Daro Gossner

THE SOUTHERN ZODIAC, from Virgo to Aquarius, is a

study in contrasts. The area covered by Virgo and the

leighboring constellation, which is named Coma Berenices,

lorresponds to a direction in space where there is rela-

ively little obscuration attributable to interstellar dust.

The terrestrial observer is looking away from the plane of

he Milky Way (where cosmic dust prevails) and can see

;lear through to the rich fields of galaxies—huge star sys-

ems like our own—far out in the universe. In Scorpius and

Sagittarius, on the contrary, the observer is looking directly

n the plane of the Milky Way and sees an extraordinary

irray of gaseous nebulae and star clusters embedded in a

Tiultitude of faint stars. As a final contribution to diver-

ity, Aquarius stands as an almost forgotten relic of some
bf man's most ancient mythologies.

i
Of the many thousands of galaxies in Virgo and Coma,

it has been found that a large number constitute an enor-

mous cluster that is the largest such association yet de-

tected. The brightest of these cluster members—about 30

of them—are approximately of the tenth magnitude: thus

they must be viewed with at least a six-inch telescope.

Larger instruments reveal nearly 3,000 galaxies between

magnitudes 10 and 12.5 (astronomers have lost count be-

yond this I . The densest region of the cluster lies approxi-

mately at the center of the triangle formed by the bright

stars Regulus, Arcturus, and Spica. The average distance

from earth of its members is currently estimated at 13

million light-years. To express this in miles, one would

have to write 76 followed by 18 zeros; although incon-

ceivably large by everyday standards, this distance happens

to be a short one within the universe (the 200-inch Palomar

telescope has photographed galaxies to about 4 to 6 billion
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j Anuiious

CAPRICORNU.S

Rise of Capricornus in east at dawn was once associated

with the annual weakening of the sun at the winter solstice.

ScoRPlus IS DRAWN With front claws extended to sides to

clear Lihra, the Scales (left), formerly part of Scorpius.

S6

light-years—so far, in fact, that the instrument's exact reac

cannot be estimated accurately at present). Actually, th

Coma-Virgo cluster is so "nearby" that the local grou

formed by our own Milky Way and a few neighborin,

galaxies might well be an extension of it.

Not counting our local group, however, the cluster as

whole is receding from us at an average speed of 700 mile

per second, although the speed of recession of its individua

galaxies varies considerably from one to another. If, as wi

think, the cluster is truly a physical entity, its memberi
have probably some internal motions (such as around i

common center, for example ) . Unfortunately, only th(

speeds of recession—that is, the motions in our line of sigh

—can be analyzed; all galaxies are too far away to exhibii

any measurable displacement across the celestial sphere

Therefore, astronomers are unable to deduce their true

space velocities. With present methods, astronomers woulc

have to accumulate observations for tens of thousands, and

perhaps for several hundreds of thousands of years before

they could solve this tantalizing problem.

Fourteen years ago, when radio astronomy was still in

its early stages, the Australian astronomer John C. Bolton

announced the discovery of a source of strong radio emis

sion located somewhere in the Coma-Virgo area. A few

months later, more precise measurements indicated that

the radiation was coming from an unusual-looking galaxy

known as M87 (that is, the 87th object listed in Messier's

catalogue of nebulae and clusters I . Renamed Virgo A ac

cording to the nomenclature of radio astronomy, M87 dis

tinguishes itself by the possession of a curious luminous jet

protruding from its otherwise elliptical shape. This jet fea-

ture is as yet unique; if any other galaxy is similarly

endowed, it is still beyond the range of today's instruments.

Although optical observations can tell us no more, a de-

tailed study by radio telescopes has revealed that M87's jet

is radiating in a manner completely similar to the super-

nova remnant called the Crab Nebula (Natural History,

April, 1962 ) . However, the Crab's diameter is only about

three light-years, whereas the jet extends over some 300

light-years. On the other hand, the amount of radiation per

unit volume is essentially the same in both. Only one con-

clusion imposes itself at the moment : the cosmic explosion

that caused Virgo A's mighty jet was still 100 times more

powerful than the one from which the Crab was born.

WHEREAS the Coma-Virgo region represents an extreme

concentration of galaxies, the area encompassed by

Scorpius, Sagittarius, and the neighboring constellation of

Centaurus yields the densest agglomeration of nebulae

interstellar material, and faint stars to be found on the

entire celestial sphere. The material is so concentrated and

so opaque that not a single one of the distant galaxies can

be seen through it. It is hardly necessary to add that the

area lies squarely in the belt of the Milky Way. for it is

precisely such concentration in the line of sight of numer-

ous faint stars and patches of nebulosity that gives the

Milky Way its characteristic appearance. A few decades

ago, it was noted that the region diametrically opposite

Sagittarius is the least dense of all Milky Way fields, where-

as Sagittarius is the densest. Since most galaxies are known

to have a nucleus thickly populated with stars, it seemed

natural to conclude that Sagittarius must lie in the direction

of our Milky Way's own nucleus. Recent observations have

amply confirmed this assumption.

l(]i
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THE
for telescopic objects is remarkably comj)ensatecl for

by its mythological interest. It is probably one of the oldest

stellar configurations; its ancient name was Mulgula, "The

Great Constellation," symbolic of An, the sky god of the

Sumerians. Through the ages, the water-pouring figure

took on many faces as mythological tales evolved from one

civilization to another. In the days of the Roman Emperor

Caesar Augustus, a freed slave named Hyginus (first cen-

tury B.C. I recorded many of the constellation legends in

his Booh of Fables, which has remained a classic on this

subject. Of Aquarius he wrote: "Many have said that he is

Ganymede, who, it is believed, was stolen from his parents

by Jupiter because of the beauty of his body, and made an

attendant of the gods. Therefore he is shown pouring water

to someone. Hegesianax also says that he is Deucalion be-

cause, during his reign, a deluge of water fell so abundantly

from the skies that, it is said, a cataclysm ensued. Eubalus

also demonstrates that he is Cecrops commemorating the

antiquity of his family and showing how water was used

in sacrifices to the gods before wine was known to men."

Of these attributions, the reference to Deucalion is most

interesting. Heavy floods were frequent in Mesopotamia

during Babylonian times, and the primitive terror that they

must have generated is reflected in many ancient tales as

memories were handed down from generation to genera-

tion. Whether or not the same flood inspired the story of

Deucalion and the biblical account, one cannot say, of

course. But a point worthy of note is that the symbolism
of so many of the ancient constellations seems to involve

water, sea monsters, and long sea voyages: Eridanus, pos-

sibly a symbol of the great river Euphrates, on which the

Sumerian goddess Inanna sailed to the city of Eridu and its

nearby abyss; Cetus, the monster that Inanna's Babylonian

counterpart, Ishtar, summoned from the sea (we now call

Cetus a whale, but the Babylonians never saw such an

animal); Hydra, the water snake; and finally, the good

ship Argo, on which Jason sailed in quest of the Golden

Fleece. It has been noted by some that Jason's story has

many points of similarity with that of Noah and the Ark—
an association that leads back to Deucalion and Aquarius.

WE would be tempted to make short shrift of Capri-

cornus and Libra, which have few telescopic objects

of interest and even fewer mythological connotations, were

it not for the privileged position they once occupied in

relation to the seasons. Two thousand years ago, when the

zodiacal constellations were still found in their corre-

sponding sign, the sun was at the autumnal equinox when

Libra was seen rising in the east at sunrise; and it was at

the winter solstice when that function was assumed by

Capricornus. The superstitious fears caused by the annual

ebbing of the sun's strength in the winter, coupled with

harsher weather conditions and a temporary halt in agri-

cultural activities, undoubtedly led ancient soothsayers to

associate evil with celestial events in "Capricorn."

Ancient name of Aquarius was Mulgula, which meant "The
Great Constellation." This figure depicting a water-pourer

symbolized An, the Sumerian sky god, but it assumed other

guises as myths evolved from one civilization to another.
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THE SKY EN MAY
From the Almanac:

New Moon May 3, 11:25 p.m., EST
First Quarter May 11, 7:45 A.M., EST
Full Moon May 19, 9:32 a.m., EST
Last Quarter May 26, 2:06 P.M., EST

For the visual observer:

Mercury, in the evening sky, will set 90 minutes after

the sun on May 1, two hours after on May 15, and 45 min-
utes after on May 31. It will be most favorable for observa-

tion at midmonth because it will be at its greatest eastern

elongation (
22° east of the sun ) on the evening of May 13.

However, it should be visible, low in the western sky, for

most of May. It will be at its brightest (—0.7 magnitude)
on May 1 and will fade gradually to +2.4 on May 31.

Venus, also in the evening sky (—3.4 magnitude), will

set two hours after the sun on May 1, two hours and 15
minutes after on May 15, and two and a half hours after

on May 31. Observers should experience no difficulty in

finding this brilliant object low in the western sky in the

early evening hours throughout the month.
Mars, in the morning sky (-|-1.4 magnitude), is still

quite close to the sun. It will rise in the east one hour before

sunrise on May 1. one hour and a half before on May 15,

and one hour and 45 minutes before on May 31. Mars may
be found low in the eastern sky shortly before sunrise.

Jupiter, in Aquarius ( —1.8 magnitude) , will rise in the

east at approximately 2:30 A.M., local standard time, on
May 1, at 1:45 a.m. on May 15, and at 1:15 a.m. on May
31, and it will appear in the southeastern sky at dawn.

Saturn, in Capricornus ( -|-0.8 magnitude) , will rise at

approximately 1:15 a.m., local standard time, on May 1,

12:15 a.m. on May 15, and 11:15 p.m. on May 31, and will

reach the southern sky shortly before sunrise.

The Eta Aquarids meteor shower will reach its maximum
intensity on the night of May 4 to 5. Barring inclement

weather, circumstances will be favorable for observation

because the moon will be only one day past new at that

time. In past years, the Eta Aquarids have reached a maxi-
mum of 20 meteors per hour (for a single observer)

.

Absolute magnitudes:

The apparent brightness of a star or planet depends in

great part on the distance of the object. For certain astro-

nomical studies, on the other hand, it is useful to be able

to compare the true brightness of stars to one another—that
is, the brightness each one would display if all were at the

same distance. By convention, astronomers compute how
bright a star would be if it were brought to a distance of

10 parsecs, which simplifies the arithmetic involved. This

is equal to approximately 32 light-years. The result is called

the star's absolute magnitude—a,s opposed to its apparent
magnitude as shown on star maps.

If we could see the celestial sphere rearranged in this

fashion, it would look very startling indeed. The sun would
be an inconspicuous +4.8 magnitude, requiring the small-

est symbol on our map, and A returns would be taken down
a peg to — 0.3. By contrast. Capella and Regulus would be
promoted to our largest symbol; Spica and Antares would
be as bright as Venus; as for Deneb, at about —7, it would
outshine all others and be able to cast noticeable shadows.

On the preceding pages, Mrs. Gossner offers the fifth

in her 1962 series — a survey of the celestial sphere.

sB



MAGNITUDE SCALE

^- —0.1 and brighter

'- 0.0 to +0.9

•fr +1.0 to +1.9

* +2.0 to +2.9

+ +3.0 to +3.9

• +4.0 and fainter

-' -^ -
"-^.>o..

TIMETABLE

May 1 10:00 p.m.

May 15 9:00 p.m.

May 31 8:00 p.m.

(Local Standard Time)
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faster, more accurate

f|)cusing and composing

yASHlC^\

YASHICA
Pentamatic S

automatic 35mm reflex

Unique 'tri-way' finder shows three

separate focusing systems at a glance— rangefinder, microscreen, ground
glass—^for top accuracy in any light.

Other features include f 1.8 Auto-Yash-
inon 55mm lens, automatic diaphragm
and mirror, I-1/lOOOth sec. shutter,

X and FP synch, single-stroke advance.
See the excitingly priced Pentamatic S,

the popular Pentamatic and the new
economy Penta J at your photo dealer,
or write for more information: dept. d.

(DyASHICA inc., 50-17 Oueent BM.. Wooaslile 77, n. r.

IN CANADA: ANGLOPHOTO LTD.. MONTREAL. P.O.

-^fj?-^m:^^^-

NATURALISTS
NATURE LOVERS

WILDLIFE PHOTOGRAPHERS
Enjoy a nnliire vacalion in the scenic Elk
Refuge Region near famous Jackson Hole,
Wyoming, — in the beautiful Snake River
\ alley.

On foot, or horseback, or "four-wheel-drive",
watch the Elk in spring migration to the
higher moimlains from Iheir winler refugt.-.

See Bear, Moose. Badger. Coyoles, Deer,
active Beaver colonies. Mountain Sheep,
Trumpeter Swans, Sandhill Cranes, Bird life

varied and abundant. Adjacent to Elk and
Uison retiiges, and lo Grand Telon National
I'ark. Write lor Bird Lisi.

Open all year, - WINTER SPORTS, and
WINTER ELK FEEDING ON THE
RANCH.

NEW MODERN CABINS
Excellent Meals — Reasonable Rates.

Best observation season for Elk migration
May first to June fifteenth.

For rales, and Ue.scnpuve lileranire,

Write 10

BEAVER VALLEY RANCH
Franic and Kailterine Foster

Dox 55I-A Jackson, Wyoming

TREA,
IS

URED

On this summer's vacation you may—so

easily, even inadvertently—continue en-

meshed in complexity, noise, traffic and

crowds . .

.

Or you can sail ten miles out to sea to

a Treasured Island.

With a terrain ranging from bold cliffs

(as high as 150 feet) through a wooded,

hilly interior to open meadows sloping

gently to the sea, Monhegan Island sug-

gests a continent in minature, nicely cap-

able of personal exploration and discovery.

Here the cacophony, crowds and con-

fusion of mainland living are miles away.

No streetlights or neon signs dim the stars.

No juke-boxes, bars or cocktail lounges

disturb the quiet. Cars are garaged or

parked on the mainland. The Inn has

neither radio nor television.

Unexpected species reward birders and

botanists. Painters and photographers dis-

cover scene after scene worthy of record.

And waitmg to be found by all: peace,

quiet, beauty.

June 25-September 6. Advance reserva-

tions, please. Recommended in Duncan

Hines' Vacation Guide. For illustrated lit-

erature and reservations kindly write to

U f I S L fl D I fl

BOX H, MONHEGAN ISLAND, MAINE

HUMMIIVGBIRD FEEDER

not attract wasps, yellow jackets or other in-

sects. This insect proof feeder is simple to fill, easy
to clean, instructions enclosed. A perfect gift for
your bird-loving friends. Made from beautiful hand
blown glass. Only $1.95 ppd., $3.75 for two. Each
additional $1.60. U.S. and Possessions and Canada.
Unconditionally guaranteed. No COD's, please. Resi-

dents of Texas add 2% tax. We prepay all postage.
Order several today.

Write Dinah Dee, P.O. Box 6734, Dep(. 5625
San Antonio 9, Texas.

o^^ i^

o^
•^) A>' ? u

^i^ ^, u
GERANIUM BLOSSOMS, PANSIES,

MAPLE LEAVES & BUTTERFLIES

Permanently Embedded in Castoglas

MAKE YOUR OWN NATURE TILES

Coasters, irays, wall plaques, bookends, lamp
bases and many other distinctive accessories. This
is a fascinating way to make some wonderful
things for your home, for gifts and to raise funds
for your church or club and for yourself, too.
Easily-cleaned Castoglas also makes an excellent
heat- and acid-resistant glass-like finish for tables

and kitchen countertops.

Easy To Do At Little Cost

Pours like honey and hardens like glass. No heat
or pressure required, no equipment, no tools. A
4 X 4-inch tile costs less than lOt* to make. For
illustrated booklet with complete directions, mail
25(: to Dept. 91-E.

THE CASTOLITE COMPANY
Woodstock, Illinois

Optically Advanced ^^
Precision Built

EQUATORIAL REFRAQORS
270X, 60 Scientifically formulated,
air-spaced optical system brings in
up to 10,000 moon craters, Martian
ice cap, etc. Massive, fully counter-
balanced equatorial mount, engraved
right ascension and declination set-
ting rings, 6X, 30 finder scope, star
diagonal, erecting prism, sun filter,

tripod, storage cabinet 40X. 81X.
135X, 270X. Imported $148.00

232X, 50 Similar to above with same
accessories but 5X, 24 finder and
35X. 70X. 116X, 232X. Clearly shows
Saturn's rings, 5,000 moon craters,
resolves many binary stars $116.50

Writ lor

illuilrated brochu
o/ deale

SWIFT INSTRUMENTS, INC.
Dept. NH-5

BOSTON 25, MASS.



Sanctuary of the gods at Samotlirace

ANTIQUITY TODAY
Greece and its islands offer the visitor new echoes of the past

IN
THE FALL OF 1961, On the small, sun-

drenched Greek island of Delos,

legendary birthplace of Apollo, a group

of Frenchmen gathered excitedly around

a freshly dug trench. Faintly etched at

the bottom was the trace of a wall that

marked the remains of a house dating

from the eighth or ninth century B.C.

A few weeks earlier, these men. mem-
bers of the French School of Archeology
in Athens, had found a number of sacred

buildings that dated from the second

century B.C., including one with a well-

preserved mosaic floor, and frescoes that

depict sacrificial offerings.

These happenings on Delos, already

the site of the most extensive ancient

ruins in the Aegean, are being repeated

in varying degrees throughout present-

day Greece, for archeology here is in

high gear. American. German, French.

English, Italian, Swedish, and Greek
scholars are digging from Pella. in Mace-
donia, to Pylos, in the southern Pelopon-

nese. as well as at many island locations.

All this current activity may surprise

the casual visitor who thinks of Greece
as long rediscovered, its Parthenon and

By James Burke

other noble monuments fully laid bare

to tourist view. It is true that Heinrich

Schliemann dug at Agamemnon's My-
cenae more than eighty years ago. and

Arthur Evans unearthed the Minoan
palaces of Knossos, on Crete, at the turn

of the century. But it is also true that

the first decipherment of Linear B, one

of the two Minoan scripts that baffled

Evans and others, was made by Michael

Ventris only ten years ago (Natural
History. March and April. 1961). Ac-

tually, archeology in Greece is almost in

its infancy. Many pieces have been

found, but missing parts are turning up

all the time. One of the pleasures of vis-

iting Greece, is that there is always some-

thing new to see among the old ruins.

THE most dramatic recent discovery

was made some two years ago by

Greek laborers who were repairing a

sewer in Piraeus, the port of Athens. As
their picks bit down under the street,

A photojournalist, Mr. Burke spent

years living and traveling in Greece.

one of them struck metal, and before

the end of the day the Greek Department

of Antiquities was called in to take over

a priceless cache of bronze sculpture. Of
the eight works found, the most notable

were four statues: a magnificent Kouros
(young man ) from the late sixth century

B.C., and fourth century B.C. figures of

Artemis. Athena, and a young woman.
How they got there and why they had

not been found earlier remain a mys-

tery. Some scholars have theorized that

they may have been part of a shipment

of artistic loot destined for Rome, and

that the warehouse containing them was

burned when Athens and Piraeus were

attacked by troops of Sulla in 86 B.C.

The bronzes are now in the workrooms

of the National Museum in Athens under-

going restoration. This is a long and
tedious process of removing corrosion

and soil particles by washing in distilled

water (a special distilling plant had to

be imported from Germany to make the

quantity needed), and by careful brush-

ing, without damaging the main surfaces

of the statues. The museum hopes to

have at least the Kouros ready for pub-

6i



living sea horses

One mated pair of dwarf sea horses delivered

from Florida direct to you for $3.50 post paid.

INTERESTING TO NOTE:
• The papa bears the young
• Size slightly over one inch
• Fascinating AQUARIUM pets
• Easily kept in gold fish bowl or Aquarium
• A hardy, educational gift for anyone
• Living delivery guaranteed
• Food and directions included

CHECK, MONEY ORDER or C.O.D.

ANIMATED GIFT SHIPPERS
Dept. NH-A, 7703 N.W. 36 Avenue. Miami, Florida

i

FOR HUMMINGBIRDS ONLY
This feeder is the only improvement in

design ever made. Neither the bees nor any
other bird can reach the honey water. It

cannot possibly drip. You will love these
tiny jewel-like birds more than ever when
you can watch them feeding unmolested by
the bees. An unusual and heartwarming
gift. Sorry, no C.O.D. 's. Price $2.95, add
18^ postage. In Calif, add 12'? extra for
tax. Full instructions included. Design by
Erwin Brown. HUMMINGBIRD
HEAVEN, Dept. N, 6818 APPERSON
STREET, TUJUNGA, CALIFORNIA.

WILDERNESS TRAILS

VACATIONS ON HORSEBACK

PACK TRIPS offer i

ular

nuflual opportunities for a Ilmi-

5 to enjoy some of the chnicest

primeval areas in tlie land of

Ymi rii;,y \i~it boiling geysers and ley glaciers

—

r^-- 11,11 liiil ptrpetual snowl)anUs^briinant wild-
11' .'T aihl ti'iijfs of petrified wood—dense cool for-

'-su and wide grassy meadows—placid lakes and
roaring waterfalls—meandering rivers and rushing
trout streams offering some of the world's finest sport
fishing.

You may see moose (the largest antlered animal
known), regal elk with the tiny calves calling, doer
am! perhaps a shy bear. Coyotes, beaver, porcupine
and many other small animals are a common sight.
Itare Trumpeter Swan, eagles, hawks and other birds
[>refer these remote nesting places, and all birds and
animals are completely and utterly free In the wil-
derness splendour of their chosen habitat.
Well scheduled and fully outfitted camping trips

which you may Join, or a trip can be planned to
your wishes. Heservalions required Write for full
Information.

GEORGE N. ClOVER
Box JI3N . Jackson Hole. Wyoming

THE A. I. R:OOT.CO. MEDINA, OHIO
SEND INQUIRY TO DEPT. N

lie display sometime in 1962, and it will

unquestionably rival two celebrated
bronze sculptures of ancient Greece: the

"Zeus" (or "Poseidon," as some authori-

ties refer to it) in the Athens museum,
and the "Charioteer" in the museum at

Delphi. Marble statues from ancient

times are plentiful enough, but bronzes
usually went into invaders' melting pots.

ALL the principal museums in Greece

,

have recently been and are still be-

ing enlarged and redesigned to make
way for new acquisitions and to improve
display technique. The new sculpture

halls that opened in the National Museum
in 1961. for example, are arranged to

show the development of the Greek rep-

resentation of the human form from
Egyptian-influenced massiveness of the

preclassical period to the warm human-
ism of the fourth century B.C. artists.

In the Athens Acropolis Museum,
three new halls are devoted to the archaic

(mostly sixth century B.C.) sculpture

that survived the Persian destruction of

the earlier Acropolis monuments, but

was buried under the foundations of the

Periclean reconstructions. Thus protect-

ed from the weather, these works have
retained much of the coloring that the

Greeks habitually applied to their marble
art— a revelation to those who think Greek
sculpture was as pristinely unadorned in

the original as it appears now.

IN
northern Greece, Alexander the

Great's birthplace and first capital at

Pella. near Salonika, has been providing
rich finds for the Greek Archeological
Service since excavation began there in

April, 1957. Before the first trial trench

was sunk at the traditional site of Pella,

a flat stretch of farm land, there was
not a trace aboveground of the city that

launched the conqueror of the ancient
world. Yet within a year enough was
found to indicate that Pella once covered
an area of at least 4.800 square yards.

Some of the royal palace buildings had
walls six or more feet thick. Others had
rooms decorated with fine, colored pebble
mosaics, including one spectacular 80-

foot-square design that shows a naked
Dionysus riding on the back of a panther.

Another equally fine mosaic represents

two almost nude hunters attacking a lion.

Restoration of the structure called Build-

ing No. 1, which contains these unusual
mosaics, is now under way, and work
on the columns of the structure's peri-

style is nearly complete.

In 1958 the Greek society discovered

the site of the ancient Nekromantion
(oracle of the dead) of Acheron in the

northwestern province of Epirus. on top

of a hill overlooking the dried-up bed of

the Acherusian lake. The oracle build-

ing, dating from the middle of the fourth

century B.C., led to a labyrinth that sup-

posedly opened into Hades. Among the

objects found on the oracle site were

Colored pebble mosaic in Building No. 1

at Pella depicts two almost nude hunters

ritual basins, many amphorae, an earth-

enware statuette of Persephone (goddess
of the underworld), and a small idol

depicting Cerberus (watchdog of hell)

The province of Epirus also contains

the site of the more famous oracle of

Dodona. which was mentioned in Homer
and was the original location of the Zeus
cult. The sacred oak tree, which signaled

the chief god's presence with rustling

leaves, had disappeared long before

Alaric's Goths destroyed the place in the

fifth century a.d.. but the stone-built

theater nearby fared better. It was
cleared of earth in 1959, and one year
later a revival of ancient drama was
staged in it. Delphi, greatest of all the

old oracles, also has a restored open-air

theater that is used occasionally; and the

Roman theater of Herodes Atticus on the

slopes of the Acropolis in Athens is the

scene of the successful annual Festival

of Athens in August and September.
Among those appearing there during the

1961 season were the London Royal Bal-

let, Milan Chamber Opera, Berlin Cham-
ber Orchestra, and Harvard Glee Club.

BUT the most spectacular attempt at re-

vitalizing ancient theaters in Greece

has been accomplished at Epidaurus.

birthplace of the medical god Asklepios

(or Aesculapius), and site of his famed
healing shrine, the Lourdes of the ancient

world. The shrine became a center of

dramatic performances and games, and
its incredibly well-preserved great open-

air hillside theater, built in the fourth

century B.C.. can seat 14.000. It is acous-

tically remarkable: a match struck on
the stage can be heard clearly on the top

tier of seats, fifty rows up.

Last summer, as for the past six years,
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a festival of ancient drama was produced

at the Epidaiirus theater, featuring plays

of Euripides. Sophocles, and Aristoph-

anes. An additional attraction that sea-

son. Maria Callas and other top-flight

opera stars appeared in two performances

of Cherubini's Medea. At each presen-

tation of the opera more than 16.000

spectators overflowed the ancient theater.

GERMAN archeologists in Greece have

been concentrating most of their ef-

forts at Olympia. where the original

Olympic games were held every four

years in honor of Zeus. The ruins of the

vast Doric Temple of Zeus—where Phi-

dias' forty-foot gold-and-ivory statue of

the god once stood as one of the Seven

Wonders of the World—have long been

excavated, but work continues on the

Olympiad stadium. The oval outline of

the structure, clogged with earth before

the present digging, can now be seen

from the nearby motor road. The Germans
hope to restore the stadium completely.

Another German team is working in

the eastern Aegean on the island of

Samos. celebrated in ancient times both

as the birthplace of the philosopher Py-

thagoras and of the goddess Hera. Zeus"s

jealous spouse. One recent find there was

a small wooden statue of a woman with

her hair done in the archaic style of the

sixth century B.C. An inscription indi-

cates that the statue is of Hera, and

the face bears a strong resemblance to

that on the marble head of the goddess

in the Louvre. In addition to its extreme

rarity, a wooden carving of this antiquity

is of exceptional interest for students of

ancient Greek plastic arts.

Farther south and east across the

Aegean on Rhodes, the garden island of

Curious

About
Computers? ^—^
Explore the *

exciting world of electronic brains
witti

Leatn digital computer theory. Discover tiow large multi-
million dollar computers operate . . . wtiat lliey can and
cannot do. Construct and understand circuits similar to
ttiose of the most advanced data processing machines. You
can do all this and more with MINIVAC - a unique scien-
tific educational device. It receives, processes and remem-
bers information and communicates answers to questions
and problems based on the data it's given — in the same
manner as full-scale commercial computers!

EASY TO USE
A set of illustrated manuals — containing easy-to-follow,
step-by-step instructions — accompanies each MINIVAC.
Experiments teach you basic principles ... demonstrate
how computers do arithmetic, solve mathematical prob-
lems, use logic to make decisions.

BY ANYONE
No knowledge of electronics, higher mathematics or

puter technology is necessary. Anyone with an inqi

mind can use MINIVAC - teenagers and adults.,
dents and teachers . . . businessmen, engineers, hobbyists

AND UNCONDITIONALLY GUARANTEED
MINIVAC is fully guaranteed against defects in manufac
ture and, in addition, carries a lO-day unconditional money
back guarantee.

TWO MODELS AVAILABLE
MINIVAC 601, a computer simulator with which you can
learn basic principles and operations $95.00

MINIVAC 6010, an advanced model that lets you perform
more sophisticated experiments, solve more complex
problems $155.00

SEND FOR DESCRIPTIVE LITERATURE -TODAY!
1

Scientific Development Corporatii
Dept. NH-5
372 liflain Street
Watertown, Massachusetts

Street.

City...

Graceful Flower-Bed Bath
and Drip Fountain

Will add interest to your
garden. The easily removed
16y2" green bowl snops into ornamental
28" iron base, lis gritty porcelain enamel
surface keeps birds from slipping and pre-

vents rust. Holds 5 quarts. Birds will flock

to dripping water. Fountain connects to any
garden hiose. Consists of rustproof tubing;

3 ft. of plastic tiose; clomp; and regulator

screw to adjust flow. Both for only S6.95.

Both only, S4.95. Fountain only, S2.25. All

ppd. Send for free Catalog, "Gifts for Wi/d
Birds and t,\rd Lovers."

BLAIRS, Dept. NH-52
25 De Russey Lone, Cornwall, N. Y.

RAISE FASCINATING INSECT-EATING PLANTS

B&L Hastings Magnifier
. . . standard for scientific study

Out in the field or working inside, If you're interesteti

in natural history the standard tool for wide-view, color

corrected magnification is the famous B&L Hastings.

Pocket-size, available in 7x lo 20x, these magnifiers are

the ultimate in quality for all types of general scientific

examination. 10x Hastings, $12.50. Order direct or ask

your dealer. Send for free complete magnifier booklet.

Bausch & Lomb, 993 Lomb Park, Rochester, N, Y.

BAUSCH & LOMBW
USED AND APPROVED

BY LEADING UNIVERSITIES!

yV^# /MocJe/ RV-6

/*<f\ 6-INCH

^\J^\,^^ DYNASCOPE
\^ V. Reflecting

ike.c tenures: ^^-^ ^k Telescope

• Electric Drive ^Vi*^ ^^
• Rotating Tube M^^^ "\.
• Setting Circles y^m^ N

Only ^
SI94.95 f w .

FOB. Hartford
A ComvUlely
^ Portable.'

Shipping Wt. llniire telescope
dismantles in
minutes for

Easy Terms ,^w^ easy carrying.

Avaifabfe.' ^'^1

Finest American-made 6-inch rellector in its

price range! Saves SI DO or more, yet get all

these fine features, f/8 6-inch mirror accurate
to 's wave • 3 matched eyepieces (7dX, 150X.
343X) • 6.\30 Achromatic finderscope • Heavy-
duty mount with setting circles • Rack & Pinion
eyepiece holder • Sturdy lightweight tripod.

CRITERION MANUFACTURING COMPANY
Dept. NH-25, 331 Church St., Hartford 1, Conn.

j FREE FACTS! MAIL COUPON!
j

, Criterion Manutactunng Comuany
Dept. NH-2S. 331 Church St., Hartford I, Conn.

' D Lnder lour uncoiidilioilal euaraiiiee, please ship

I
me prumptlv the RV-6 DYNASCOPE. My pay-

I mem of S1S4.95 is enclosed.
I D Please send ritEB LITERATURE on the ltV-6

I Dynascope and your other DTN'ASCOPES
,

priced as tow as $49.95.
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in the World?

...you will find it in Folkways' catalog

of over 600 Long Playing authentic Folk

records from almost every country, cul-

ture or ethnic group in the world. Also

Science, Jazz, Literature and Childrens

series. Write for complete free catalog.

*F£ 4448 Music of the Amami Islands

"FE 4503 Africa South of the Sahara

FOLKWAYS RECORDS
121 West 47th St., N. Y. 36, N. Y.

.RROW
CANOE TRIPS

WORK CAiLP. Quaker leadership. Write:

George N. Darrow. Oakwood School. Poughkeepsie, N. Y.
FAMILY CANOE TRIP OUTFITTERS

A MANUAL OF COMMON BEETLES
OF EASTERN NORTH AMERICA

An identification manual, easy to use.

Complete directions for beetle collecting,

a fascinating hobby. 896 pp. $9.25.

Write for brochure.

RO\A/, PETERSON and COMPANY
Dept. T Evanston, Illinois

the Dodecanese, Greek archeologists be-

gan excavating last summer outside the

old walls of the city of Rhodes, near the

Bay of Acanthia. Among the finds was a

mass grave containing forty-five skele-

tons. In the mouths of some were copper
coins, doubtless intended to pay the dead
men's fare to Charon, the feri-yman who
carried souls of the dead across the river

Styx to the underworld. The skeletons

are believed to be of people who died

when Rhodes was besieged by Mithri-

dates the Great, king of Pontus, in 88 B.C.

AMERICAN archeological activities in

,
Greece have broader and more ex-

tensive fields than those of any foreign

group. They range from Mycenaean ex-

cavations at Pylos—where Professor Carl

Blegen found the Palace of Nestor, Aga-
memnon's venerable associate in the Tro-

jan War—and the island of Kea, to in-

vestigations of the Byzantine layers of

Old Corinth. Americans are also work-
ing at Isthmia, site of the ancient Isth-

mian games of Corinth.

In the spring of 1961, an American
field team discovered a sanctuary of Dem-
eter and Persephone, dating from the

sixth century B.C. into Roman times, on
the slopes of the Acrocorinth, the tower-

ing citadel of Old Corinth. There is also

American activity on the northern
Aegean island of Samothrace, where the

"Winged Victory," now at the Louvre,

once stood in one of the most important

of all the shrines of ancient times.

The American School of Classical

Studies in Athens was responsible for

excavating the agora (civic center) of

the old Greek capital some years ago,

and for the complete reconstruction in

1956 of its stoa of Attalus. This roofed

colonnade, one of several stoae orig-

inally in the agora, now serves as a

museum. Documentation of the agor
finds continues to occupy the school.

IN
sheer numbers, of course, amateu

archeologists surpass those in any o

the professional groups in Greece. It i

one of the charms of this unspoiled lam
that any tourist with a sense of the pas
can feel the thrill of discovery by pokinj

around the edges of ancient sites. A bi

of marble temple column hides under j

thick bush. The torso of a statue lies

half-covered by earth at the bottom oi

a trench that professional excavators

have temporarily abandoned.
Recently, a skin diver rowed out neai

Cape Sounion and within minutes was
swimming among the barnacle-encrusted

amphorae from a third century B.C. ship,

wreck. Another amateur explorer diving

off the island of Melos a few months later

came up with a part of a marble hand
He called a press conference and an

nounced to the world that he had found

part of the missing arm of the "Venus
de Milo." Professional archeologists

were unimpressed, but a record number
of tourist yachts visited Melos in the en-

suing weeks, and skin divers flashed in

and out of its clear blue waters looking

in vain for additional fragments of the

"Venus." But who can predict what
Greece may yield in the years to come?
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THE BALSCOPE TEN

$995

For the first time, due to a manufacturing
breakthrough ... a quality telescope for only

.$9.95! Ideal instrument for all kinds of na-

ture study, for vacations, for all outdoors.

No clumsy draw tube — focus with a single

turn of the eyepiece. Only WA" long, and

weighs just 9 ounces. Belt holster accessory

at 98<. See it at optical, photographic and

sporting goods dealers. Made to American

standards of quality by America's most
respected optical craftsmen, Bausch&Lomb
Incorporated, Rochester 2, New York.

BAUSCH & LOME^
64



ARRANGING
]T\S9

Just as fresh flowers or a bit of greenery add

warmth and grace and color to a room, so too, a

carefully chosen vase or container sets off and

complements your flowers for a pleasing effect.

SHIBUI* . . . Earthenware Vase, handmade reproduction

of an ancient art form, 10" high. $6.75 postpaid

The Japanese word for an intrinsically beautiful object of

timeless appeal and aesthetic value. Inherent in the piece

are those qualities of harmonious design and proportion,

refined into a serene entity most aptly phrased "Shibui.

Gleaming Brass Vase from India... Hand etched and

enameled abstract design, IP/i" high. $7.75 postpaid

Gleaming Brass Planter from India . . . Hand etched leaf

pattern, 53/4" high. $4.50 postpaid

Members of the Museum are entitled to a

10% discount. Please do not send cash.

Send your check or money order to

THE AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORK 24, NEW YORK



Presenting - UNITRON's
Refractor — the telescope

Here is an ideal telescope for the amateur astronomer who wants

portability, precision and professional features.

UNITRON's New 2.4" Equatorial Refractor, Model 128, now offers

setting circles to help you find those difficult celestial objects that are

too faint to be seen easily in a viewfinder. Once you have located a

star or planet, merely turn a flexible coble control and the equatorial

mounting will keep the object centered in the field of view. Or, better

still, choose the motorized Model 128C and let the synchronous clock

drive follow the celestial motions for you.

Model 128 is priced at ony $225 compete with everything needed
to moke the most of the time you devote to observing. Included in

New 2.4-inch Equatorial

you have always wanted
this price is the precision equatorial mounting with its slow motion

controls for right ascension and declination, setting circles, tripod,

viewfinder, five eyepieces. Achromatic Amplifier (barlow-type) to

double eyepiece magnifications, UNIMEX, Rotary Eyepiece Selector,

sunglass, cabinets, etc. For only $275 you can order Model 128C with

all of the above features plus the clock drive.

Here is the telescope you have always wanted, at a price which is

easy on your budget. If you prefer, use our Easy Payment Plan with

only 10% down and 12 months to pay the balance.

Don't miss out on the fine observing. Treat yourself to a UNITRON
—America's most popular refractor.

Write to Dep'l.21B for a tree copy of UNITRON's Telescope Catalog.

UNlTf^ON INSTRUMENT COMPANY — TELESCOPE SALES DIV.

66 NEEDHAM STREET, NEWTON HIGHLANDS 61, MASS.
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Belated tribute to an unknown scientist

No one knows his name or exactly where he lived.

Best evidence suggests he existed during the Paleo-

lithic period. Which means this tribute is at least

some ten to fifteen thousand years overdue.

His lone scientific achievement: he discovered a way
to start a fire. Undeniably, this was a significant moment
in the history of human progress . . . this moment when
an anonymous savage forgot his natural fears long

enough to ponder, to try, to discover. Per-

haps his discovery was merely an accident.

Still, it took curiosity to experiment
further. His reward: new protection from

cold, darkness, wild beasts. mo f\

Though he couldn't realize it, this Stone mJ2Mi^.

Age scientist ignited a flame that changed the world

... a flame that was to spark other discoveries, new
civilizations. It eventually lighted man's way in his

long journey to the golden age of science.

Here at Monsanto, scores of scientists work daily . ,

.

carrying out basic and applied research in chemistry,

physics and other natural sciences. In a very real sense,

they are intellectual descendants of the

unknown scientist. In another age, they

ponder, try, discover— searching for new
contributions to the welfare of mankind.

i Monsanto Chemical Company, St. Louis
*- • '« 66, Missouri.



e still-unsurpassed reference iiork!

4NUAL OF THE TREES
! NORTH AMERICA
Charles S. Sargenl S4.00

I RlBanllr stu.ly unci rcriTcnco work kli-ntlflcs tor you

by U-ar-lypo Is tollownl lly dplailo.l ilrsirllltlons by
Ics, of Icnvos, lloivcrs, fruit, buils, bark, mcasiircratnls,

locutions. Immaturity variations, whatever else l,t

V. More than 100 BniiinB keys within the le.\t, also
size. Absolutely Indls-

DQ 277-8 iiVoiumo set, papcrbound $4.00

Thorough, yet highly enjoyable . .

.

THE LIFE STORY OF THE FISH,
ITS MANNERS AND MORALS,
by Dr. Brian Curtis $1.,50

Tills line mlddie-ievol book is packed full of information
uljout tisli as iiiinc lieiiiKs: tlieir evolutionary place: the
siructure; the funcllonlne of digestive, elreuiatory,
lircathlnc sy.^teins : tlicir .ipcclai senses: food habits: brecd-
inR liahils: inlKviitton; protective coloration: adaptations.
S.Tlinun atid trout receive a special chapter, while rclation-
siilp of llsli to man is also covered. Impeccably accurate,
wide in its coverage. "Lively, vivid, humorous," N.Y.
Times. "No account more precise & satisfying." N.T.
Herald Tribune. 45 iiiustr. 260pp.

OQ929 Faperliound $1.50

Unusual book provides background nowhere
else available!

BIRDS AND THEIR ATTRIBUTES
by Dr. Glover M. Allen SI.85

(HT.LI, /nri. Ilii fir t I 111 ^M.|1 Ir I I,. Lite I'rofCHSOr Of
/,. I..

:
II ,f ,11... I.

I . r.. .iomestication.
I'l.'. I'.i'. .. i..ii'.'i I ..i..i .,M. I: i. ;:...

I rood, evolution.
.li-iniiiiur.n, ..,,-i,.L..,, ,,, .i,,,i. i-r.,..hi,

, .Hi;; night, mlgra-
IKiii. anil niynail ultur lafKjrs thai roaKc birds fascinating,
Deligiitlully written, yet packed wltli information, ".More
comiirchensive pictijre tbanls to be found anywhere else."

nobtainable for years! The basic work on hawks, eagles, owls!

.IFE HISTORIES OF NORTH AMERICAN BIRDS

)F PREY, A.G. Bent, 2 vol. set only $4.70
ate A.C. Bent, dean of American ornithologists.
.i the Kreatcr part of his lifetime to preparing a
ive. thorough coverage of North American birds. This
which was prcpareii anj published under the auspices
Smithsonian Institution, has long been recognized
tietlnltive statement, on American birds, and has

[)nsldered indispensable to everyone Interested in bird
'nfortunately, Bent's work has been out of prln

havlor and peculiar habits, field marks, enemies, range,
field records (both typical and casual), yearly cycle, breed-
ing ranges, winter ranges, migration, song and voice, and
whatever else may be necessary to know for each bird.

I bringingnd ha!

market,
iscful set. and hav
s coverage of North Amerli

prices ( , the
decided
ready for immediate de-

birds of prey.

I esc two volumes are by far the fullest and richest works
American birds of prey. Bent deals with 114 different
ds In all—condors, vultures, hawks, eagles, falcons, owls.
] liarn owls—and tells you just about everything that is

rtli knowing about each of them. He describes the nesting,
hip, eggs and their care, the young, plumages, be-

793. AMERICAN WILDLIFE AND PLANTS. A
JIDF TO WILDLIFE FOOD HABITS. A. Martin.
Nr|,nn. 11. Zlm. Prepared under auspices of U.S. Fish

I Wiliillfe Ser\lce. this Is an evaluated coordination of

( iiijout evervthlng that Is known in this area: feeding
)lts nf more than 300 birds, 1000 animals and fish;

anged both by animal or bird, with principal consumers,
d by plant. Gives exact knowledge. Illustrated with over

drawings, maps. "Supplies a long-felt need," J. of
arestry. "Of immense value to sportsmen, naturalists,
rd students," Nature. "A classic In Its field and a must

cry naturalist." Natural History. 509pp. 5% x 8.

Paperbd. $2.00

Q187. THE MALAY ARCHIPELAGO. A. R. Wallace.
It classic of biological observation and travel by co-
lder of evolution: Still fascinating reading. 62 draw-
1. maps. ij32pp. Paperbd. $2.00

Q740. HOW TO KNOW THE FERNS. F. Parsons. A
uf nature identifies non-technlcally all American

mninn ferns. 61 illus., 42 plates. 243pp. Paperbd. $1.25

Q5II. FRUIT KEY AND TWIG KEY TO TREES AND
HRUBS, W. F. Harlow. 2 books bound together enable
>u lu identify Northern U.S.A. trees in winter or In any
her season. Only books of their sort. 173 photos. 132pp.

Paperbd. $1.25

Q395. TREES OF THE EAST & CENTRAL U.S.A. &
ANADA. W. F. Harlow. The standard pocket guide,
licked full of Information, woodlore. by Prof, of Forestn*.
.Y. State College. Do not confuse this with skimpy
iiUntlons. Over 600 illustrations. 295pp. 4>^ x 7%.

Paperbd. $1.35

Q675-6. AUDUBON'S JOURNALS, edited by E. Coues.
ravel with the great naturalist through the bayous,
rabrador, Europe, etc. Remarkable observations on nature
nd people. Only edition. 38 illustr. 1100pp. Two volume
et. Paperbd. $4.00

IQ517. INSECT LIFE &. INSECT NATURAL HISTORY,
i. W. Frost. Insects considered as living beings: their
labits, life cycles, abilities, social life, behavior, etc.
Extremely thorough, yet very interesting: for both lay-
nan and expert. 700 illus. 534pp. Paperbd. $2.25

)Q223. COMMON SPIDERS OF THE U.S.A., J.W.
^merton. Fills a gap in nature studies: full information
n 2l)0 hunting, jumping, cobweb, flying spiders. Synoptic
:ey. 501 illus. 225pp. Paperbd. $1.35

}ai97. LOUIS PASTEUR. S. J. Holmes. Fine Insplra-
lonal, informative book for high school student, layman:
ucld. full. "All essential facts." Nature. "Just the kind
if book everyone wants." N.Y. Times. 159T)p.

Paperbd. $1.00

DQ76I. THE EYES OF DISCOVERY, John Bakeless.
Have you ever wondered what the United States looked like
lefore the white man? The ancient landscape dramatically
iirought back to life. "A fascinating view . . . before the
3rst highway and first billboard," Time. 68 illus. 439pp.

Paperbd. $2.00

pazoe. BIOLOGY OF THE AMPHIBIA. G. K. Noble.
UHmatched for comprehensiveness, detail, clarity. "Nothing
comparable to It." C. Pope, Chi. Mus. of Nat. Hist. 174pp.

Paperbd. $2.98

Completely modern in approach, these two volumes draw
upon the experiences and observations of thousands of
skilled observers—for Bent, at the Smithsonian, served
as a central clearing house for all bird observations—and
they are based upon detailed specific observations of flocks
and individual birds throughout the United States, with
extensions, where necessary, from the ice-Islands of the
Arctic to the jungles of Central America.

In addition to being the definitive work upon birds of prey,
this book Is also a delight to read for anyone who is inter-
ested in birds. No previous knowledge of ornithology Is

needed to follow it in all Its clear detail. It Is personable
and informal in style, often narrative, and it will ofYer

DQ449-50. STUDIES ON THE STRUCTURE & DE-
VELOPMENT OF VERTEBRATES. E. S. Goodrich. Ex-
haustive coverage of vertebrates by greatest comparative
anatomist of modern times. "The standard text." J of
Anatomy. 754 illust. 90Gpp. Two volume set. paperbd. $5.00

DQ204. THE HUMAN FIGURE IN MOTION, E. Muy-
bridge. 4789 photos from the famed Muybridgc collection,
showing men, women, children, mostly undraped. in 163
different kinds of action: walking, running, leaping,
carrying, lying down. etc. In high speed series. One of
the great photographic collections, a landmark of 19 th
century biological research. Intro, by Prof. R. Taft, XT of
Kansas. 407pp. 47S^ photos. 8 x 10*,^. Clothbound $10.00

DQ203. ANIMALS IN MOTION, E. Muybridge. 3919 high
speed photos of horses, deer, oxen, lions, pigs, sloths,
monkeys, guanacos. etc. in sequences revealing facts of
motion too fast for eye to follow: how lion puts down
paw, etc. "A really marvelous series of plates," Nature.
Ed. by L. S. Brown. Am. Mus. of Nat. Hist. 416 pp.
8 X lOVj. Clothliound $10.00

DQ772. THE PURPLE COW &. OTHER NONSENSE.
Gelett Burgess. Sophisticated wit, fantasy, with 123 Illus-
trations by author. 127pp. Paperbd. $1.00

DQ69I. THE WIZARD OF OZ, L. Frank Baunt. Only
editlon wltli all 145 Denslow Illustrations in full color.

275pp. Paperbd. $1.45

DQ692. THE MARVELOUS LAND OF OZ, L. F. Baum.
Best of Oz seauels: with all 127 original color illustrations.
275pp. Paperbd. $1.45

DQ487. THE DEVIL'S DICTIONARY. Ambrose Bierce.
"Some of most gorgeous wUllclsms in English." H. L.
Mencken. 144pp. Paperbd. $1.00

DQ7I3. PAPER FOLDING FOR BEGINNERS. W. Mur-
ray. F. Rigney. Create scores of beautiful, unusual, useful
objects: easiest-to-follow book on Japanese origami. 95 pp.

Paperbd. $1.00

DQ523. HOW TO TELL THE BIRDS FROM THE
FLOWERS. R. Wood. Classic puns in drawings it verse.

64pp. Paperbd. 75c

DQ920. HOW NOT TO PLAY CHESS. A. Znosko-Borov-
sky. Many topics, scores of typical mistakes anaLvzed.
ll!ipp. Paperbd. $1.00

puzzles Involving reason, ability to think straight. Solu-
tions. 117pp. Paperbd. $1.00

DQ62. HOW DO YOU USE A SLIDE RULE? For non
mathematicians and casual calculators. A. A. Merrill.
Usually needed when you buy a slide rule. Clearest possible
exposition for beginners, those who find ideas difficult:

multiplication, division. 42pp. 914 x 6%. Paperbd. 60c

DQ627. THE SKY & ITS MYSTERIES, E. A. Beet. Ab-
sorbing intro. for layman to astronomy. Up to date. "Ex-
cellent." Nature. 56 Illus. 238pp. Clothbd. $3.50

DQ5I8. STRANGE STORY OF THE QUANTUM. Banesh
Hoffmann. Quantum mechanics, important modern develop-

explalned for layman. "Should be j;ead by all."

hours of enjoyment to even the bird lover who has no
chance to watch most of these birds In life. Its complete
textual coverage Is supplemented by 195 full-page plates.

It

sup
most used, and
and as such It should be pa
school, college and public library. Certainly no bird watcher,
amateur naturalist, or nature lover can afford to be with-
out it. For this reason we have reprinted It at an extremely
low price.

Unabridged reprinting of 1037-8 edition. Classified bibli-
ography covering previous work. 195 plates. 907pp. 5% x 8.

DO 931-2. Two volume set. papcrbound $4.70

Da587. GREAT IDEAS OF MODERN MATHEMATICS.
Jafljit Singh. Verbal explanations, for layman, of number
theory, vectors, sets, groups. non-Euclidean geometry, etc.
322pp. Paperbd. $1.55
DQ925. GREAT IDEAS AND THEORIES OF MODERN
COSMOLOGY, Ja^'jit Singh. How universe began, what it
really Is. Iimv it will t-iid. No math or advanced knowledge
needed to fulhuv .ry.-^tal-clear explanations of theories of
Einstein, dc Sitn-r. C.amow. Hoylo. Milne. Eddington.
Jeans, many others. Recommended for layman. 36 illus.
-34pp. Paperbd. $1.85
DQ622. THE STORY OF X-RAYS FROM ROENTGEN
TO ISOTOPES, A. R. Bleich. M.D. Non-technical account
for layman, student, covering history, physical explanation,
medical uses. X-rays for industrial use, detecting forgeries,
fakes, etc. 54 illustrations. 205pp. Paperbd. $1.35
DQ7I6. PIONEERS OF SCIENCE. Sir Oliver Lodge. A
great classic of exposition, explaining the basic develop-
ment of ideas through Copernicus, Kepler, Galileo, New-
ton. Laplace, Kelvin, etc. Biographical material included.
Sttll unexcelled as an easily followed explanation. Fuller
clearer on Post-Newtonian astronomers than most other
books. 120 illus. 419pp. Paperbd. $1,50
DQI96. NATURE OF LIGHT AND COLOUR IN THEOPEN AIR, M. Minnaert. First-rate ex-planatlon (with
lumdreds of observational exercises) of phenomena of light

n. double suns, the green
fata morgana, color variation, mirages, etc. Cove
" a of fascinating material not usually* known. 200

Paperbd. $1.95378pp.

' Dept. 395DQ.
1 St.. New York

Do
14,

Her Publicat
New York

1 Plc-asc senj u c 1 c foHoniiig
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Behold Ills; Parllicjnon, the only perfect building erected by man",

says Thomas Craven in his superb "Pocket Book of Greek Art". It

took sixteen years to build, and now, twenty-four centuries later, serses

to remind us what men who strive for absolute perfection can accom-

plish. We took this picture of the northeast corner, with its lion rain-

spout, through a measured air distance of 1 800 feet, in November 1961.

We wished to show you what fine detail can be photographed with

the superfine Questar telescope in air that trembled noticeably in the

far more detailed visual views. These last sixteen years we too ha\e

striven for perfection. We now believe that no amount of human

effort can substantially improve an\ ^_^ —, . .__

one of these masterpieces of the ((l\ |I If 15 ^ nTA 1^
optician's art. They cost only S995, Ni^ ««y ILi fc^; Ji Jn^ir\
and a booklet awaits your request, box so new hope. Pennsylvania



The People of Aritama

By Gerardo and Alicia
Reichel-Dolmatoff. The
struggle of a small Mestizo

community in Colombia to

emerge from isolation and

win cultural identity. "A
model of clarity and of sound

method . . . throughout there

is evident full mastery of

ideas and concepts in modern

anthropology." - SOL TAX,
Editor, Ciirreiit Anthro-
pology. Index, illus. §8.50

Living with the Atom

By Ritchie Calder. This calm

summing up of the views of

various scientific experts on

progress and problems in the

taming of the atom takes a

strongly positive view. Here

is a "nuclear philosophy" to

combat "nuclear superstition"

—and a thorough education

in what has been achieved and

what is contemplated in the

peaceful use of nuclear power.

Illus. $5.95

Readings in

Cultural Geography

Phillip L. Wagner and Marvin

W. MikeseU, Editors. The

first comprehensive one-vol-

ume survey to provide a clear

concept of the general nature

and content of the field. Many
of the writings are classics—

the contributors world-re-

nowned in geography, anthro-

pology, archaeology, botany

and other disciplines. Index.

S8.50

USE THIS COUPON TO ORDER

FOR PROMPT DELIVERY

University of Chicago Press
.5750 Ellis Avenue. Chicago 37

Please send me the books indicated
in the <|uantities noted.

. THE PEOPLE OF ARITAMA @ S8.50
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READINGS IN CULTURAL
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I enclose Q check or Q money

order for $
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Reviews
Recent books scar

the sky for heavenly dats

Our Emerging Universe, by Allan

Broms. Doubleday & Co., $4.95; 296

pp., illus. Radio Astronomy, by F. Gra-

ham Smith. Pelican Books, $1.65; 265

pp. Rival Theories of Cosmology, by

H. Bondi, W. B. Bonnor, R. A. Lyttle-

ton, G. J. Whitrow. Oxford Univ. Press,

$2.25; 64 pp. Space Nomads, by Lin-

coln and Jean LaPaz. Holiday House,

$3.95; 187 pp., illus. Changing Views
of the Universe, by Colin A. Ronan.

The Macmillan Co., $3.95; 206 pp. The
Fabric of the Heavens, by Stephen

Toulmin and June Goodfield. Harper &
Bros., $5.00; 285 pp., illus. The In-

spiration of Science, by Sir George

Thomson. Oxford Univ. Press, $4.00;

150 pp., illus.

ON December 27. 1961, Dr. Glenn T.

Seaborg. chairman of the Atomic

Energy Commission, spoke at a meeting

of the American Association for the Ad-

vancement of Science in Denver, Colo-

rado. He said that a "democratic-scien-

tific society" has emerged in the United

States in the last twenty years, a society

whose potentialities are still little-recog-

nized. Science is as much a part of the

humanities as are literature and the arts,

and the barrier that stands between their

complete equality and acceptance is

superficial and easily broken down. One
of the components of this barrier is a

lack of general understanding of the

purposes and accomplishments of sci-

ence. He said that remedies for this

weakness include more and better sci-

ence teaching in the lower schools and

at the college level, greater efforts to

give the general and concerned public an

appreciation of science, and a willing-

ness on the part of scientists to explain

their work in popular terms.

It is evident that more and more sci-

entists do wish to give their special

knowledge to more and more people, and

a literature of the interpretation of sci-

ence is growing rapidly. This is particu-

larly true of astronomy. Many of the

books intended for general use have been

written by men who, although some-

times not the original researchers, have

developed the art of translating the eso-

teric terms of that research into lan-

guage intelligible to those who have not

learned the language of science.

Our Emerging Universe, by Allan

By James S. Pickerinc

Broms, tells of the birth and ultimatt

fate of the earth, as far as either of thesi

events can be deduced from our presen'

position—which is probably somewhere

about halfway between. The author has

documented all his statements carefullj

in an excellent and, at times, exciting

style. Obviously, the story of the earth

must include—or, better, be included in

—the story of the solar system and the

universe and, as a result, certain por-

tions must of necessity be speculative

but Mr. Broms has handled the material

better than many who have attempted

the task before him. Here and there

however, the reasoning seems a bit diffi-

cult to follow. Early in the book, for

instance, Mr. Broms says, "Elliptical

galaxies would then be spirals after col-

lision and removal of the gas-dust

clouds." But elliptical galaxies, which

have no arm structure, are apparently

free from dust and, therefore, have none

to be removed. Spiral galaxies, with arm
structure, show evidence oi copious dust.

His book is also marred by errors in

proofreading, but fortunately none affect

essential facts, although captions on

Plates XII and XIII are interchanged.

A new method of exploring our neigh-

borhood in the cosmos—a method that

began only thirty years ago and that has

already added new dimensions to our

previous picture— is examined in Radio

Astronomy, by F. Graham Smith.

Radio astronomy uses the same forces

that man has always used, but it enlarges

the scope of exploration. Light is visible

radiation; radio radiation reaches us in

waves of greater length than those pro-

ducing light and gives us details that

cannot be perceived by light.

There are tremendous disturbances in

space—impulses from cosmic explosions

that occurred perhaps hundreds of thou-

sands of years ago. Some of these cata-

clysms have left visible traces in clouds

of gas and dust. The conception of the

nature of these clouds as debris from
exploded stars has been confirmed by
radio astronomy. Radiations of incredi-

ble force, produced in galaxies some-

Mr. Pickering is with The American
Museum-Hayden Planetarium as an
Assistant Astronomer, and is author
of Captives of the Sun, which was a

recent publication of Dodd, Mead Co.



imes at the limits of visible observation,

each us millions of years later. These

rere thought to be galaxies in collision

lui arc so described in this book. Within

he last few weeks, however, some doubt

as been cast upon this explanation. The

listances between galaxies has been

ound to be much greater than was sup-

[loscd a few years ago, and the nature of

Jhe radiation received is believed to be

|ar greater than that which could be

Generated by galactic collision. The new-

list theory pictures a chain reaction of

i'xploding stars, or novae, of the same

iiature as those formed by the clouds of

Jlust and gas mentioned above. Such a

.;hain reaction would produce radiation

.such as is registered on radio telescopes.

Thanks to the added dimension of

•adio astronomy, objects whose forms

ind outlines have become familiar to us

hrough years of observation and photog-

aphy. now assume new and strange

shapes. The accomplishments of radio

astronomy will soon equal and perhaps

surpass those of optical astronomy.

The details of this field of exploration,

ts discoveries and implications, together

vith the problems that confront radio

astronomers, are here reported in this

clear and understandable paperback

book. For the sake of correction, it

should be mentioned that the surface

gravity of the moon is given as 1/27 that

of gravity on the earth's surface. The

fraction is 1/6. Mr. Smith obviously

knows this, because other relationships

depending upon it are correctly stated.

SOME of the most sizable ideas in as-

tronomy are contained in a small

book. Rival Theories of Cosmology, by

H. Bondi, W. B. Bonnor. R. A. Lyttleton,

and G. J. Whitrow. The essential dif-

ferences between two schools of thought

are presented here. One holds that the

universe is expanding because of a cos-

mic explosion that took place eight or

nine billion years ago. The other believes

that the evident expansion is inherent in

the cosmos and has always been a part

of it: that the universe is now as it al-

ways has been and always will be; that

the great gaps that might result from a

constantly expanding universe are filled

by matter (the average distribution of

which is constant) constantly created

and formed into stars and galaxies.

The book is a presentation of papers

originally heard on "The Third Pro-

gramme," broadcast over the British

Broadcasting Corporation's radio facil-

ities in the spring of 1959. The reading

of the papers was followed by an in-

formal discussion—which became more

than a little lively—of various points

made by the astronomers involved. In

these sixty pages is a search for the

absolute, and it demonstrates man's abil-

ity to include a vast amount of space in

his thoughts. Reading it is chastening.

USE THIS SCOPE
TO SPOT 'EM

...AND SNAP 'EM

Model 401 60 mm. Scope

Here's the scope that gives an amazingly
bright, close-up view. Performance and
versatility can't be matched, even by the

most powerful binoculars. Pan-type tripod

provides rock-steady support when inter-

changeable eye pieces giving 15x, 20x, 30x,

40x, 60x magnification are used. This is a
high quality optical instrument; lenses are

Duracoated with no spherical or chromatic
aberration. Prisms are center pot barium
crown glass; lightweight body is moisture,
dust and weather proof.

Model 401 Scope wiffi Camera Adapter and
Car Window/Tripod Adapter attached.

Picture taking is simple and easy with our

Accessory Camera Adapter because you
can photograph what you see. Simply slip

adapter and your camera on the 15x or 20x
eyepiece, as shown above, and shoot. Our
Camera: Adapter screws into a standard.

Series V Filter Ring. (Series VI requires a
stepdown ring). Complete exposure data
and photo tips come with this accessory.

Also shown above is our Car Window-
Tripod Adapter which permits the Scope to

be used from inside your ear. It also at-

taches to your regular high, photo tripod
if you choose.

SAVE REAL MONEY
ON A COMPLETE OUTFIT

Model 401. 60 mm. Scope with 15x, 20x,
30x, 40x, 60x, eyepieces and low level pan
head tripod $ 79.50

Model 401C. Compartment Case (not
shown). Holds scope, tripod and eyepieces $ 12.50

Model 401A. Car Window Adapter $ 15.00

Model 401 B. Camera Adapter $ 5.00

Cost of above items purchased separately $112.00

Special price of complete outfit SHAQ'i
listed above (A saving of $37.00) ' /f''*'

At your favorite camera shop, or send checfc

and we wi// ship prepaid.

Examine for !0 days: if not fully satisfied
returr for full refund.

M. GrDipPE CO.
BELLEVUE, IOWA

PICK YOUR
DAISIES
WITH A

HONEYWELL
PENTAX!

Daisies have no apparent pref-
erence in the choice of a photog-
rapher or his equipment. Yet the
quality offlower photography being
done with the Honeywell Pentax
suggests that the daisies themselves
are cooperating in this effort to
record nature's beauty.

The Pentax is a single lens re-

flex camera. You view yotor subject
directly through the taking lens.

You focus exactly—compose exact-

ly— select a depth-of-field treat-
ment exactly according to your
creative desire.

The Pentax has been selected

for field use by naturalists every-
where because it is a precision in-

strument of highest quality manu-
facture. Yet its price is modest. The
H-1 with 55mm, semi-automatic
f 2.2 lens and speeds to 1 500th
second is $149.50. The H-3, with
speeds to 1 1000th second and com-
pletely automatic, 55 mm, f 1.8

lens, is $199.50.

Write for illustrated brochure to

Herb Willis, Mail Station 209,
Honeywell,

^3?; iS* '-__^*»-i^6^ Heiland Division,

ii^H 1 ^^ Denver 10.

Honeyivell



WITH A

No feathers ruffled when you

"zoom" in for closeups with the

TeleVar on your single lens reflex cannera. Only

TeleVar gives your focal plane shutter camera
350mm-650mm in one compact unit. Quick,

accurate front focusing. Crisp results, 12 feet to

infinity. Doubles as a fine monocular.
TeleVar, with soft leather pouch, $59.50.
30-day trial, 20-year guarantee. For "extra"
high power, 750mm-3000mm, ask for the

Bushnell Spacemaster, $114.50.

See your dealer or write for details and
sample color reproductions.

OOB^shnell
Dept. N-37 Bushnell BIdg., Pasadena, California

In Canada: 1310 West Sixth Avp.. Vancouver, B.C.

by James L. Dyson
This book will startle you into the real-

ization that, along with oceans and land
masses, one of the permanent features

of our planet is — ice. Locked in this al-

most perfect cold storage is an accurate
record of times past: extinct animals,

climate fingerprints, a whole realm of
life gone by. Now a distinguished geol-
ogist explores the implications of the
evidence that has come to light. It

makes—
"an exciting book...

Anybody interested in climate,

geography, or long-time history

should find it fascinating."

—Hal Borland

Illustrated with 8s photographs, 2 charts,

and 3 maps drawn by Rafael Palacios.

At better bookstores. $6.95

ALFRED •A • KNOPF, Publisher

501 Madison Avenue, New York 22, N. Y.

FROM THE

"America's first Baedekers

for birdwatchers."—r/ie Chat

A GUIDE TO
BIRD FINDING
• East of the Mississippi

• West of the Mississippi

By OLIN SEWALL PETTINGILL, Jr.

Detailed pen and ink drawings
by George Miksch Sutton. Clear
instructions tell how to reach
good birdwatching spots; where
to park; where to spend the night;
what special equipment to take;
what species to look for in dif-

ferent seasons.

"Indispensable." — Bulletin of the
Massachusetts Audubon Society.
"A mu&l."~Florida Naturalist. "A
wealth of useful information. —
Nebraska Bird Review.

Each volume .$8.00 at bookstores
or from

OXFORD UNIVERSITY PRESS
417 Fifth Avenue, New York 16, N. Y.

WING
A Biography of JOHN MUIR

HILDEGARDE
HOYT SWIFT

Foreword by

ELEANOR
ROOSEVELT

Illustrated by

LYND WARD

ELEANOR ROOSEVELT: "I am
happy ... to congratulate the author

on having brought this man alive in a

way which makes us feel his vitality,

his charm, and his dedication. This

book is a service to the memory of a

great human being and at the same
time to the country that he loved

.

At all bookstores, $3.95

MORROW

By Durward L. Allen

Revised Edition

All exciting, factual account of what is

happening to one of America's great
natural resources—the birds, mammals
and fish that inhabit our woods, fields

and waters.

Written by an outstanding wildlife

scientist, this authoritative book pre-
sents a realistic viewpoint on wildlife

management and conservation.

This new edition contains the latest

facts and figures on wildlife popula-
tion, legislation, and scientific ad-
vances in preservation and control.

"... a first-rale piece of work that
does much to illuminate the many fac-
ets o) the quiet crisis of conservation."

^Stewart t. Udall,
Secretary of the Interior

".
. . If every sportsman and naturalist

could read this book, there would be
fewer problems in wildlife conservation
and administration."

— Wildlife Management Institute

Juil puUished. At all bookslores, $6.50

Funk & Wagnalls Company, Inc.

360 Lexington Avenue, New York 17



In quite another key is Space Nomads,
Lincoln and Jean LaPaz. Tiiere are

any exciting factors inherent in the

bject with which it deals—meteors-

id this gives it a powerful advantage,

eteorites are meteors that have ar-

ted. and are the only tangible objects

at did not have an earthly origin. The

rival of a meteorite is an event loaded

ith possibilities. We live on a target.

16 shield of our atmosphere saves us

om all but the largest meteorites, but

ere is no guarantee that a celestial

ockbuster migiit not strike Times

piare at any time.

The book begins with a detailed de-

ription of two recent major meteorite

lis. both in Siberia, and of the research

idertaken to study the results. Other

lis dating from prehistoric to recent

mes are also recorded. Meteor craters,

e scars of these impacts, are described

id located, and several dubious ex-

nples are set aside until further inves-

gation admits or rejects them. The

apression this reader gained from the

Dok is that it is the result of careful

id conservative research.

The description of meteorites is com-

lete and detailed, as is the account of

le possible sources and the appearance

i meteors. The history of man's attitude

>ward stones that fall from the sky is

iscinating, and the final chapter is

mazing. A hint of its subject matter

lay impel many to read it. The authors

peculate that perhaps some day we will

nd out space craft to collect meteorites

) augment diminishing terrestrial sup-

lies of the nickel and iron of which they

re composed. Perhaps our space ships

hemselves will be great meteorites, hol-

Dwed out and equipped for travel.

rY7"nAT is true of astronomy is perhaps

W true of every science: it is a great

igsaw puzzle with intricately matched

lieces that must be interlocked before

he large picture can be seen. Changing

lews of the Universe, by Colin A.

lonan, attempts just that—piecing to-

ether what is known of astronomy. In

ts pages are the early stages of solving

he puzzle, when there were lapses of

housands of years between the fitting

ogether of the pieces and when pieces

.vith a similarity of outline were forced

ogether, only to be separated later and

refitted. As we draw closer to the pres-

ant. more and more pieces are apparent-

ly placed correctly in less and less time,

and although the picture is building

rapidly, perhaps only one tiny corner is

completed. It is possible that we are

still cheating a little—forcing pieces to

fit when they do not really belong to-

gether—but the pace of the over-all ap-

proach to the completion of the puzzle

has accelerated amazingly.

Colin Ronan, with skillful economy of

style, tells the story of astronomical re-

& ^ i^

oo ^ ^
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GERANIUM BLOSSOMS, PANSIES,

MAPLE LEAVES & BUTTERFLIES

Permanently Embedded in Castoglas

MAKE YOUR OWN NATURE TILES

Coasters, trays, wall plaques, bookends, lamp
bases and many other distinctive accessories. This

is a fascinating way to make some wonderful

things for your home, for gifts and to raise funds

for your church or club and for yourself, too.

Easily-cleaned Castoglas also makes an excellent

heat- and acid-resistant glass-like finish for tables

and kitchen countertops.

Easy To Do At Litlie Cost

Pours like honey and hardens like glass. No heat

or pressure required, no equipment, no tools. A
4 X 4-inch tile costs less than 10(1 to make. For

illustrated booklet with complete directions, mail

25;; to Dept. 91-E.

THE CASTOLITE COMPANY
Woodstock, Illinois

a classic nature list

for siinirner

HOW TO KNOW THE BIRDS

Roger Tory Peterson

.•\n Introduction to liird Rc-c.gnition

The famous bc-giniu-r's guidr, newly

enlarged with 72 new full-color

illustrations. $3.30

THE STARS
H. A. Rey

Enl.-.rged World-Wide Edition. The

classic guide to the stars which revo-

lutionized the star gazers world.

Charts, calendars, fold-out .nap. ?e.00

BIRO

Lois aniJ Louis Darling

The liiology of birds, their attributes,

behavior and migration in a well in-

tegrated and pictorially sujjpleniented

presentation. $5.00

A FIELD GUIDE TO WESTERN
BIRD SONGS

3 12" LP rcc.rds designed to .accom-

pany Peterson's A Field Guide to

Western Birds. $12. 9j

mail this today

a S3..')0 b $6.00 c $.').00 d $12.93

HOUGHTON MIFFLl.X COMPANY
2 Park Street

Boston 7, Mass.achusctts

Name '.

A beautifully written, scientifically

sound account of..

The Story

of

POLLINATION _^
B. J. D. MEEUSE, University of Washington

Ftill of appeal for nature lovers of all

ages, here is the absorbing story of flower
pollination and the curious, involved, and
often amusing ways it is accomplished. This
engaging book explores the ways flowers

create their color effects... the mysteries of

color vision that make animals react to

them ... the role of the honey guides in

leading the pollinators to the hidden nectar.

The first scientifically accurate descrip-

tion in English of the intricate flower-ani-

mal relationships in pollination, the book
includes amazing examples of how evolu-
tion has made some plants and animals de-
pendent upon each other. Superb drawings
in color and black-and-white and close-up
photos of flowers, birds, bees, bats, etc.,

graphically illustrate the marvels of this

adventure in nature. (167) $7.50

. . . might well lake its place among the

classics of scientific \rriting for the layman."—Library Journal.

"An amazing amount of information . .

.

most rewarding."—The American Biology
Teacher. 1961.

Other Important Books in The

RONALD SCIENCE LIBRARY

i

BIOLOGY

Brazil—Orchid of the Tropics.

Mulford B. Foster and
..(164) S5.00

Makers of North American Botany.

The Secret of the Green Thumb
Henry T. Northen and

..(155) $6.00

The Green Earth.

Harold William Rickett ..(163) $4.50

Plant Life of Palestine:
..(174) $8.00

MICROBIOLOGY

Microbes Militant: A Challenge
Frederick Eberson

to Man.
..(175) $5.00

Microbes of Merit. Otto Rahn. . ..(147) $5.00

ASTRONOMY, PHYSICS

Atoms to Galaxies.

James Stokley ..(162) $6.00

Skyshooting. R. Newton Mayall and 1

Margaret W. Mayall (150) $4.50 |

Sunspots in Action.

Harlan True Stetson ..(166) $5.00

The Atom at Work. Jacob Sacks ..(148) $5.50

USE THIS COUPON TO ORDER
Please send books circled below:

167 164 173 155 163 174

175 147 162 150 166 148

n Check enclosed Q Send C.O.D.

Name

Address,

City -Zone State

.

THE RONALD PRESS COMPANY
15 East 26th Street, New York 10



Mount Robson Ranch

High Wilderness

A guiding and outfitting ranch looking at

the South Face of the highest of Canada's

Rockies. Pack trips for photography, hunt-

ing, fishing or just seeing, and trail trips to

our Berg Lake Chalet, out of this world on

the North Face, in a wilderness area reach-

able in hours by horse or foot.

Reservations are advisable.

Write for folder to:

MOUNT ROBSON RANCH
VIA RED PASS, B.C., CANADA

SPERM WHALE TEETH
Rarely seen curiosities valued as collec-

tors items, conversation pieces, carving
ivory, and paper weights. NATURAL:
Small (2-6 oz.) S2.50; Medium (6-12

:.) S3.95; Large (12-16 oz.) S6.50;
Jumbo (I-l'/2 lbs.) $8.95 each. POL-
ISHED: Double above prices.

SCRIMSHAWED TEETH
I

Sperm teeth with a ship engraved
in black on a polished surface.

"Antique" finish, S24.00. LOW
RELIEF WHALE (any species)

carved into a tooth, S37.50. Specials to order.

SPERM WHALE OIL
iteJBMB^W" ti I • High grade sperm oil con-
veniently packed in a rcfillable pin-point oiler (U. S.

Pat. No. 2846126) containing Vi fl. oz. $1.25 each.
Two for $2.00

ESKIMO CRiBBAGE
5" board made from half a

sperm looth with engraved Es-
kimo scene. Complete with

'-^r:. pegs, $37.50

All prices poslpaul. Rcmil lo:

PETER B. DIRLAM-Soulhbridge, Moss

search, largely in terms of the men who
made each new, great stride and of the

instruments they used. This is a fas-

cinating book, but it should be noted

that some familiarity with astronomy

will contribute greatly to the enjoyment

and value to the reader.

The Fabric of the Heavens, by Ste-

phen Toulmin and .June Goodfield. fol-

lows this same pattern, but in greater

and perhaps even better detail. This is

another account of man's groping for

the truth. Here is the human race, often

fumbling, knocking over what it has

built, starting again with a slightly surer

touch. With experience comes skill. Here

are the beginnings of ideas, and of the

practical use of knowledge.

The Babylonians. 3.000 years ago.

watched, counted, measured, and pro-

duced a table of planet motions and

positions that is startlingly like our

modern ephemerides. The Greeks, in-

heriting the Babylonian and Egyptian

knowledge and tradition, gave the struc-

ture of astronomy a firmer foundation

and discovered several of the side prod-

ucts of astronomy, such as trigonometry,

and speculation gave way to reason. This

book brings home the tremendous lapse

of years that passed between advances in

early astronomy, the slow progress of

the science, the loss of knowledge by a

people, and the recovery of that knowl-

edge when works of one of their own
writers of a bygone age were retrans-

lated from another tongue.

The story of the emergence of astron-

omy, of its struggles in the dark, and of

the astounding accomplishments of early

astronomers whose only telescopes were

their eyes: the occasional tremendous

forward leaps, such as the discovery of

the telescope and the understanding of

the great physical laws, give this book

moments of high drama that stand out

as peaks on a remarkably high plateau.

The book ends with Newton and the

implications of his discoveries. The au

thors say ".
. . we have watched men

studying the universe, as it were, through

an intellectual microscope. Where, to

begin with, they could make out only

blurred outlines in ambiguous propor

tions. now their picture is crisp and

sharp. This change has been acconi'

plished not just as a result of honest

observation and reporting. Of equal im

portance has been the progressive re»

shaping and refocusing of . . . ideas that

form our intellectual instruments.'"

Every chapter in this book ends with

a generous list of reading references,

and the book is further distinguished by

an excellent index.

The Inspiration of Science, by Sir

George Paget Thomson, is a story of

dedication, concentration, and perspira-

tion—the three essential ingredients of

genius. Sir George, who in 1937 shared

the Nobel Prize for physics with C. J.

Davisson for simultaneous independent

discovery of diffraction phenomena in

the electron, is eminently well qualified

to write on his subject. He tells of sur-

mounting many of the seemingly im-

passable barriers to knowledge by pure

reason and, chiefly, by imagination. How
does one go about dissecting the atom,

measuring its component parts, weigh-

ing and manipulating these particles,

which are so small there is not even a

way to describe them?
Several examples of the meshing and

interweaving of ostensibly different

problems form connecting links to this

chronicle, which is further bound to-

gether by brief biographies of the var-

ious men whose work is used to illustrate

the central theme of this volume.

For the first time, due to a manufacturing
breakthrough ... a quality telescope for only

$9.95! Ideal instrument for all kinds of na-

ture study, for vacations, for all outdoors.

No clumsy draw tube — focus with a single

turn of the eyepiece. Only \Wi" long, and
weighs just 9 ounces. Belt holster accessory

at 98^. See it at optical, photographic and

sporting goods dealers. Made to American
standards of quality by America's most
respected optical craftsmen, Bausch&Lomb
Incorporated, Rochester 2, New York.

BAUSCH & LOME^



develop a hobby and increase your

enjoynr)enf of the great outdoors

Butterfly Net... Made of nylon, this net is 11" in

diameter. It is attached to a 21" wooden handle by

a plastic sleeve and included in its attractive package
is an 8-page instruction booklet and a simplified in-

sect and butterfly location chart. $2.00 postpaid

Guide to Campsites . . . 383 pages. Published by C.

S. Hammond & Co. this guide contains 1 30 maps and
describes briefly about 5,000 national, state, local,

and private campgrounds in the United States. $4.15

postpaid

Field Book of Nature Activities & Conservation
...432 pages, revised edition, by W. Hillcourt. Illus-

trated with numerous black-and-white drawings, it

contains instructions for making nature collections,

nature photography, and conservation projects.

$5.15 postpaid

Pocket Microscope... This imported microscope is

adjustable and magnifies 20, 40, or 60 diameters. It

is 5V2" long when closed and is ideally suited for use

in the field. $3.35 postpaid

Prospector's Pick . . . This superlatively made leather-

grip rock pick boasts a forged, one-piece head and
handle of solid steel. Weighs 22 ozs. Made by
Estwing. $5.75 postpaid

Members of the Museum are entitled to a 10% discount. Please

do not send cash. Send your check or money order to



PosiAnrjoMiivAL KNOB at the rear of a

whip scorpion bears two gland openings

lO

from which acid is sprayed. Animal's
aim is not impaired by loss of "whip."
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Survival By
Acid Defense
Whip scorpion repels enemies with spray

By Thomas Eisner

AN INTERESTING STORY was told me
... at the Biological Society of

Washington by General T. E. Wilcox,

to the effect that in 1877 at Camp
Supply, Indian Territory, a blacksmith

crushed a vinegarone on his upper left

breast. Blisters resulted which ex-

tended over the whole breast, and the

glands were involved to some extent.

He stayed away from work . . . and

General Wilcox, who at the time was

a surgeon in the Army, treated him."

This excerpt, by one of the leading

entomologists of the time, appeared as

part of a short note in a biological

periodical about forty years ago. The
animal concerned, the vinegarone—or

vinegaroon as it is sometimes also

called— is a remarkable creature. Its

name stems from the vinegar-like, acid

fluid it ejects when disturbed, and

which must have been the cause of

General Wilcox's patient's blisters.

Among biologists, vinegaroons are

known as whip scorpions. They should

not be confused with the true sting-

bearing scorpions, although the two

are related closely enough to merit

joint inclusion in the Arachnida, a

group that also encompasses such fa-

miliar creatures as the spiders. Whip
scorpions are among the most primi-

tive arachnids known. From fossil evi-

dence it is clear that they have survived

for almost 300 million years in essen-

tially unmodified form. There are rela-

tively few species of whip scorpions

in the world today, but they are dis-

tributed through much of the tropics,

and in a few places, including North
America, extend into the subtropics.

In the summer of 1959, I spent sev-

eral weeks at the Southwestern Re-

search Station of the American
Museum of Natural History in the

Chiricahua Mountains of Arizona, a

region that is as beautiful as it is in-

teresting to biologists. It was there, on

the first evening at the station, that I

was introduced to whip scorpions. We
went out at night, properly equipped

with head lamps, intending to observe

Scorpion studied was Mastigoproctus

giganteus, which adapts to captivity.
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Grasshopper mouse, a voracious desert rodent, halts its

advance on the scorpion, which has directed its spray at

attacker's muzzle in this laboratory encounter. The whip
action of arthropod's flagellum has caused the tip to blur.

the vast array of insects, spiders, milli-

pedes, and other arthropods that for-

age out in the darkness. "Here, let me
show you something," my companion

said suddenly, and as I knelt down for

a close look at my first live vinegaroon,

he gave the animal a quick, calculated

tap—and I got sprayed.

WHIP SCORPIONS do very well in

captivity, and during the past

two years Dr. Ralph Ghent and I have

had an opportunity to study them in

our laboratory at Cornell. One of the

things that first struck us as peculiar

when we collected whip scorpions in

Arizona, was that whenever one of

them was picked up by hand, the spray

would invariably hit the fingers with

which the animal had been grasped.

It did not matter whether a front or a

rear appendage was seized : the fingers

always bore the full impact of the

spray. Evidently, vinegaroons do not

discharge their spray in a fixed direc-

tion, but actually aim it toward that

portion of their bodies under assault.

A technique was developed by
which this remarkable marksmanship
could be visualized more precisely.

Individual whip scorpions—glued to

rods so as to prevent them from walk-

ing about—were placed on sheets of

filter paper soaked in a dark red solu-

tion of an indicator dye (phenolph-

thalein ) . When the animals spray on

this paper, the acid secretion discolors

the dye, and a neat pattern of small

white dots is produced, outlining the

direction, range, and dispersion of the

defensive discharge.

In order to understand exactly how
the animals aim. we must first know
something about the glands. There are

two of them, disposed side by side in

the opisthosoma ( the posterior, legless

abdominal portion). Each gland is a

relatively voluminous sac in which the

secretion is stored, and the thin walls

of which are the glandular tissue that

synthesizes the secretion. The sac is

enveloped by a sheet of compressor

muscles, which by contraction effect

the discharge. Posteriorly the glands

taper and converge, eventually leading

to the outside by way of two narrow,

parallel ducts that open at the end of

the short, three-segmented postab-

dominal knob, which forms the stalk of

the flagellum or "whip." The slitlike

orifice of each duct is kept closed by
a special valve; at the time of dis-

charge the valve is forced open by
appropriate muscles.

In aiming the spray, the whip scor-

pion uses its postabdominal knob as

a revolvable "gun emplacement." No
sooner is the stimulus applied than the

animal rotates the knob in such a way
that its tip, bearing the glandular open-

ings, is brought to point precisely to-

ward the source of irritation. The knob
can turn to the right or to the left with

equal facility. It is somewhat limited

in bending up and forward, but when
the animal is discharging anteriorly,

say to the head region or to some of

the front appendages, it compensates
for its inability by adjusting the opis-

thosoma as a whole, revolving it at its

base and bending it upward.

WHILE aiming, the flagellum ac-

companies the movements of

the postabdominal knob in such a way
that just before discharge it is usually

pointed toward or even brought in

contact with whatever instrument is

used for stimulation. Is the animal get-

ting its bearings on the target by using

the flagellum as a "feeler"? Evidently

not, since total amputation of the fla-

gellum in no way impairs the accuracy
with which a discharge is aimed. In

taking aim, the animal apparently re-

lies on no other sensory information
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In frantic attempt to cleanse itself of the acid spray, the

fleeing mouse pa\NS its muzzle with front feet and plows
into sand. Reaction wore off after about half a minute and
mouse returned to attack, but was repelled several times.

than the trauma, however mild, stem-

ming from the area stimulated. We
have never had a whip scorpion sprav

in response to any but direct contact

stimuli. A sudden movement or strong

tapping fails to elicit a discharge.

Since the glandular reservoirs are

of considerable capacity, a whip scor-

pion can discharge many times in

succession. More than ten discharges

are the rule, although we have seen as

many as nineteen. Equallv prodigious

is the rapidity with which the secretion

is restored. Three individuals that

were caused to exhaust their supply

were again able to spray two, three,

and four times respectively less than

a day later. The secretion is ejected

with considerable force, and a range of

over two feet is not unusual.

How effective is the sprav in defense

against predators? Judging from what

it did to us. there was no question that

its repellent potential was substantial.

.'\lthough we proved to be far less sen-

sitive than General Wilcox's black-

smith, and actually never developed

blisters following the several hundred

spravings we must have received while

handling our captive vinegaroons. the

spray showed itself to be extremely

painful to the exposed surfaces of the

5i»^' #^
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SoLPUCiD devours immature scorpion to aim its spray properly from such a

after catching it on its back. Unable position, it could not repel attacker.
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Saclike glands, which store the acid,

converge on ducts in postabdominal

face, and especially to the eyes. We
soon learned never to pick up a vine-

garoon unless we held it out at a safe

range. But vinegaroons must cope with

predators other than man. How do
whip scorpions live, and what real

enemies do they have?

AS a rule, whip scorpions are active

__
only at night. They forage about

at ground level in search of animal

prey, but we know relatively little

about the exact nature of their diet.

Judging from their habits in captivity,

they may primarily eat insects and
other arthropods. The prey is caught

with the front appendages (pedipalps)

,

and is promptly crushed in an over-

knob, shown in dissected ventral view
of opisthosoma, or legless posterior.

powering embrace. Only the liquids

are extracted from the prey; skeletal

and other solid parts are discarded.

During the daytime, whip scorpions go

into hiding. One finds them commonly
in clefts among rocks, but in areas

where natural shelters are scarce, they

dig burrows of their own. They are

quite adept at digging, and we have

frequently watched them build their

shelters in laboratory cages filled with

damp sand. They burrow with the

pedipalps, the claw-bearing tips of

which serve as effective carving de-

vices. Once a small pile of soil has been

pried loose, it is embraced and lifted

by the pedipalps and carried off a few

inches to the side. It may take dozens

of sand loads over a period of severa

hours to complete an adequate burrow

but once finished, it may serve th

whip scorpion for days or even weeks

By studying marked individuals in thi

field, we were able to determine tha

they return to the same shelter da;

after day. Their foraging territorial

are hence likely to be quite fixed.

OBVIOUSLY, in the tropical and sub

tropical environments they in

habit, whip scorpions must be exposec

to a truly formidable array of preda

tors—not just while they are actively

foraging, but also while they remain

in their shelters. Ants alone, by the

sheer weight of their numbers, must

be a constant hazard. But other insects

and arachnids are potential enemies, as

are many amphibians, reptiles, mam-
mals, and, to a lesser extent, birds.

We have actually never had the luck

of seeing a whip scorpion defend itself

against attack in nature. But in the

laboratory, dozens of encounters were

witnessed, involving a whole assort-

ment of predators. The following de-

scriptions of some of these encounters

bear testimony to the extraordinary

effectiveness of the spray.

Individual, small whip scorpions

were released together with a dozen

or more ants (Formica exsectoides

Forelt into small enameled pans,

coated along the sides with petrolatum

to prevent escape and lined with phe-

nolphthalein-impregnated filter paper.

In their artificial environment, the ants

were initially reluctant to attack, and

despite repeated casual encounters

never grasped the whip scorpion with

their mandibles. When prodded with a

brush, however, the ants became con-

siderably more agitated and aggres-

sive, and on several occasions were

Dkoi' of acetic acid, one of the two ingredients in the
whip scorpion's spray, does not penetrate cockroach's body

wall, above, but instead it evaporates. Drop, below, with

5 per cent caprylic acid added to it, spreads and penetrates.
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induced to altack. In each case the

response was the same: when gras|)ed

by an appendage, the whip scorpion

instantly revolved its postabdomen and

sprayed with accurac)' toward the as-

sailant. The ant was promptly repelled

and (led rapidly and aimlessly, some-

limes leaving on the indicator paper

a discolored trail of the residual secre-

tion left on its body. Periodically dur-

ing its retreat, the ant would show

intense cleansing activity, proceeding

slowly and dragging its body and

mouthparts against the substrate. Re-

covery was eventually always com-

plete, although an ant never resumed

attack for several minutes after

being sprayed. Under normal condi-

tions, a whip scorpion would take

advantage of this delay by making

an unmolested escape.

For a short time after each dis-

charge no new ants ever ventured

within the immediate vicinity of a

whip scorpion, apparently because of

the repellent action of residual secre-

tion remaining on the whip scorpion's

bodv. This. too. must be helpful to a

whip scorpion, particularly when ants,

which are likely to attack in swarms

rather than singly ( for example, army

ants ) . are involved.

Another dramatic spectacle oc-

curred when we offered whip scorpions

to captive grasshopper mice. These

desert-dwelling rodents are highly ag-

gressive and voracious, and will fear-

lessly pursue their arthropod prey.

The moment a whip scorpion was

introduced into a cage, the mouse
pounced upon it. but on contact was

instantly repelled by an accurately di-

rected discharge. The mouse jumped
back and scurried about frantically,

pausing occasionally to "paw"' its muz-

zle with its front feet, or to dig and

bury itself into the sand, plowing along

and leaving a deep trench. When the

reaction subsided, after about half a

minute, the mouse always attempted to

attack again, only to be repelled by

another discharge. As long as the whip

scorpion had not exhausted its secre-

tion, it proved invulnerable. Only after

it could no longer spray, would it fi-

nally be overcome and eaten.

These are just two of the many pre-

dators tested. The spray was equally

effective against others, including

Permeability of cuticle can be seen
in white band on dorsal skeletal shell

of insect to which acid was applied.

Gland ducts, made transparent with

chemicals, are seen running parallel

lizards, birds, an armadillo, and sol-

pugids. The latter are an interesting

type of arachnid, found in Arizona

in the same locality as whip scorpions,

and quite probably one of their impor-

tant natural enemies.

SOLPUGIDS are pugnacious crea-

tures, and usually attack at once

any small insect or other arthropod

offered them, crushing it and chewing

it to a pulp with huge pincer-like

mouthparts. Larger prey are also over-

come without much of a struggle and

are incapacitated promptly by the

initial wound inflicted. Whip scor-

pions, however, always managed to

repel solpugids with their spray before

along three-segmented postabdoniinal

knob and terminating at two openings.

they received any kind of injury. In

only one exceptional instance was a

whip scorpion eaten. This individual

also sprayed but when it was first

dropped into the cage, it landed on its

back. From this abnormal position it

might not have aimed properly, in-

stead shooting its spray into the soil.

There remained no doubt about the

spray's effectiveness. It was also clear

that a major asset is the ability to aim
the spray in different directions. In

the absence of such marksmanship,

predators such as ants, predaceous bee-

tles, ground-foraging spiders, centi-

pedes, and all such other enemies that

may offer no more than a small target

surface, are likely to receive only an



insufficient dose of spray. But aiming

must be of advantage also where larger

predators, such as vertebrates, are in-

volved, since these usually approach

their intended victims headfirst, and

when they attack are hence likely to

bear the full impact of an aimed dis-

charge where they are most vulner-

able—in the eyes.

What became perhaps the most in-

teresting side line of this study emerged

as a result of the identification of the

chemical constituents of the secretion.

We suspected from the outset that one

of the ingredients was acetic acid,

since this acid—the active constituent

of vinegar—has an odor that is virtu-

ally unmistakable. It is noteworthy, in

this connection, that the common
names by which vinegaroons are

known elsewhere in the New World,

also pay tribute to the vinegar-like

odor of the spray: in Martinique they

are known as vinaigriers, in Brazil as

escorpioes vinagre, and in Mexico they

are called vinagrillos.

The precise identification of the

secretion became the concern of two

colleagues at the Chemistry Depart-

ment of Cornell, Professor Jerrold

Meinwald and Dr. Alastair Monro.

About one dozen whip scorpions were

milked, simply by placing small glass

vials over their postabdominal knobs

while simultaneously pinching them

and causing them to spray. After sub-

jecting the samples thus collected to a

series of more or less elaborate ana-

lytical procedures, the chemists came
up with the answer : acetic acid, in the

remarkably high concentration of 84

per cent. The remainder was largely

water (11 per cent), plus a small

amount (5 per cent) of yet another

organic acid, caprylic acid.

ACETIC acid, a powerful irritant,

would appear to be of sufficient

toxicity to account for the repellency

of the mixture as a whole. One might

therefore be inclined to dismiss the

caprylic acid as insignificant, if for

no other reason than its low concen-

tration. This, however, would be a

mistake. Without caprylic acid, the

secretion would not be nearly so effec-

tive against insects and other arthro-

pods. To understand exactly what cap-

rylic acid does to improve the mixture

we must first digress a bit.

Insects, spiders, scorpions, and cen

tipedes, together with the rest of the

terrestrial arthropods, all share one

thing in common : they live on land

and are thus subject to desiccation

All terrestrial creatures, plants anc

animals alike, have evolved means by

which water loss from their bodies ii

minirhized. In arthropods, the outei

shell, or cuticle, in addition to its ob

vious skeletal function, acts as an

important barrier to desiccation. Ar-

thropod cuticle is not simple in struc

ture, but for present purposes it will

suffice to regard it as being made up of

two principal layers: an inner thick

layer, the procuticle, consisting of a

solid matrix of complex molecular

configuration that gives skeletal rig

idity to the cuticle; and an extremely

thin outer layer, the epicuticle. th

most important feature of which is its

rich wax content. The waxy epicuticle

is largely responsible for rendering the

cuticle water impermeable. Without

it, the arthropod would quickly dry up,

since the procuticle, despite its thick-

Flexibility of the whip scorpion is demonstrated in this

experiment, which shows response to stimulation of anterior

i6

appendage (pedipalp) by sharp inclination of opisthosoma.

Secretion ejects forward, as "whip" touches the irritant.
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ness. offers relatively little resistance to

the passage of water.

This takes us back to the whip scor-

pion's spray. How does the secretion

penetrate the cuticle of arthropod en-

emies? Offhand, one might reason that

arthropod cuticle, by virtue of its waxy
covering, should be highly imperme-

able to the secretion, particularl) since

acetic acid, its major ingredient, is

virtually wax insoluble. In actuality,

however, the secretion proved instantly

repellent to arthropods such as ants

and solpugids and must evidently have

penetrated their cuticle quite readily.

The paradox is resolved by the pre-

sence of caprylic acid. This acid, un-

like its partner, is a good wax solvent,

and its presence in the secretion en-

ables it to disrupt the epicuticular

barrier, thus priming the way for the

penetration of the acetic acid (the

procuticle, being water permeable, of-

fers only negligible resistance to the

penetration of acetic acid ) . The pre-

ceding is not conjecture. It has been

borne out experimentally.

Two types of tests were made. The

first of these involved straight-

forward permeability measurements

of isolated pieces of cuticle. The tech-

I
nique consisted of mounting a piece

of cuticle on a layer of gelatin im-

! pregnated with an indicator dye, and

then applying to the surface of the

1 cuticle a mixture of the same chem-

ical composition as the secretion. Its

penetration rate through the cuticle

was then compared with that of a

control solution containing acetic acid

and water, but no caprylic acid. In-

variably, the mixture of the compo-

sition of the secretion would be the

first to effect a color change in the

indicator-laden layer of gelatin. Evi-

dently, caprylic acid has a hastening

effect on the penetration rate. With

this technique it was also possible to

show that it is the epicuticle and not

the procuticle that acts as the main

While glued to wire to restrain its

movement, a scorpion discharges three

consecutive sprays in the direction of

stimulated appendages. Accuracy of

aim is indicated by spray pattern on
phenolphthalein- treated filter paper.



Emerging "whip-end" first from sand
tunnel, scorpion works to complete a

burrow. Claw-bearing pedipalps, useful
as carving devices, embrace a load of

1
1

1
damp sand, above, as animal backs out

of hole. Burden is then deposited on

barrier to acetic acid penetration. All

one had to do to render the cuticle

permeable to acetic acid was to scratch

its surface gently with a mild abra-

sive powder. From this it may be in-

ferred that caprylic acid exerts its

penetration-promoting role by chemi-

cal disruption of the waxy epicuticle.

A second series of tests was made
with live instead of dead cuticle

preparations. When acids or similar

irritants are applied topically to an
insect, they usually induce prompt
cleansing reflexes. These reflexes are

more or less delayed, as they depend
on the penetrability of the irritant

through the cuticle to the sensitive tis-

sues beneath. It follows that one can

obtain a rather neat measure of the

irritant effectiveness of a sample sim-

ply by timing the delay between ap-

plication and the cleansing reflex: the

earlier the onset of the reflex, the more
effective the sample. The test animals

were cockroaches, which are ideal for

the purpose. When droplets of acid

are applied to a leg, for instance, the

roach brings that particular leg for-

ward and licks it with the mouthparts.

When application is to the body sur-

face, it uses the nearest leg to scratch

the affected region. Intact roaches are

difficult to work with since they do
not remain still, but this is remedied
by decapitating them, an operation

that brings their locomotory activity

to a halt without hindering their reflex

responses. By basing our studies on
reflexes of this sort, it was shown con-

clusively that a mixture with 5 per cent

caprylic acid is a much more effec-

tive irritant than one that contains

acetic acid alone.

In the course of these studies we
discovered yet another function of

caprylic acid: it acts as a wetting

agent that promotes the spread of the

individual spray droplets over the

cuticle of the enemy, thereby markedly
increasing the effective area of con-

tact of the poison. When acetic acid

alone is applied to cuticle, the droplet

remains globular and shrinks away
until evaporated. By contrast, a com-
parable droplet with 5 per cent ca-

prylic acid spreads broadly.

There is one question that unfor-

tunately still remains unanswered for

lack of data: what are the reasons for

the whip scorpion's apparent insensi-

tivity to its own spray? Whenever a

whip scorpion discharges at an enemy,
it invariably gets an incidental bath

of its own, but this never seems to

affect it in any way whatever. We once
literally drenched a whip scorpion in

a solution of the same composition as

its secretion, and that whip scorpion

is still alive in our laboratory today.

Perhaps tolerance to the acids is sim-

ply because of an especially imperme-
able integument, but this remains to

be proved. The glands themselves

must be remarkable structures to be

able to manufacture and store acetic

acid in the fantastically toxic concen-

tration of 84 per cent. We are cur-

rently working on a great many other

species that also have chemical de-

fenses. There is an ant, for instance,

that secretes a mixture rich in cit-

ronellal, one of the oldest known in-

sect repellents ("citronella candles"

are still commonly used to repel mos-

quitoes). There are even certain mil-

lipedes that secrete hydrogen cyanide,

a most poisonous molecule, and one

which—under its more familiar name
of prussic acid—has achieved notoriety

in the annals of human crime.

IN
its special refinements, the spray

of the vinegaroon bears striking

resemblance to commercial insecti-

cidal sprays. These sprays also com-
monly contain additives designed to

increase both the spreadability of

droplets and the penetrability of poi-

son. But by aiming its spray directly

at the enemy and thereby minimizing

the expenditure of secretion, the whip

scorpion actually surpasses—in at least

one major way—the usual effectiveness

with which man can dispense his own
insecticidal formulations. In agricul-

tural spray programs, it is found too

often that the countryside must vir-

tually be drenched in poison to con-

trol specific pests. To demand that man
do his job with the same effectiveness

as vinegaroons may be asking too

much. Vinegaroons, after all, have had
I

target practice for 300 million years.
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pile with previous loads, right, a few usually is found living in clefts of shelter in area where soil is friable.

n inches from burrow entrance. Scorpion rocks, but will spend hours digging a later using it as a base for foraging.

Whip scorpion feeds on a cockroach, the abdomen of which

is visible within the encircling pedipalps. Only liquids

are extracted from the prey, while the skeletal and other

solid parts are discarded. Scorpion hunts food at night.
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The Six Giants
Two boas and four pythons of the tropics

are longest of all existing land animals

By Clifford H. Pope Drawings by Matthew Kalmenoff

ZOOGEOGRAPHY, the Study of distri-

bution of animals, is a venerable

branch of biology. Within this field,

the central problem concerning the

distribution of land animals is to ex-

plain how related species happen to

be abundant on all continents, in spite

of seemingly impassable ocean bar-

riers. Since the dispersal of these ani-

mals took place in ages gone by, we

must resort to theories. The most

plausible one holds that the conti-

nents have long been separated by
oceans much as they are today. This

means that, as opportunity afforded,

these animals must have crossed straits

and short, narrow land connections be-

tween islands and continents.

Many minor changes in land con-

figuration have taken place in com-
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Portion of structure of Boa musculature is a series of

muscle columns, top right, which overlap, top left, and
from each of which branch retractor muscles. This pattern

repeats at every vertebra, building up in complex layers.

paratively recent ages. For example,

geologists have shown that, in Eocene

times (about fifty million years ago I

,

Sumatra, Java, and Borneo formed

part of the Sunda Shelf which, in turn,

was part of the mainland of Asia.

When the Sunda Shelf was broken

up. countless species of animals be-

came isolated on one resulting island

or another. Similarly, the isthmus now
joining North and South America has

not always existed: when it sub-

merged, the animals of these two con-

tinents could not move freely from one

to the other. Many additional cases

could be cited, but these two are spe-

cially pertinent for the living reptiles

and, in particular, the giant snakes

with which we are concerned here.

As climates, in turn, are no more
permanent than some islands,

migration across land masses—for ex-

ample, from Asia to Europe, or vice

versa—has been possible for reptiles

during those geologic times when trop-

ical temperatures prevailed through-

out the northern latitudes.

Although water barriers seriously

interfere with dispersal, land animals

often manage to cross wide stretches

of water in one of three ways: in cur-

rents of air, on floating rafts of vegeta-

tion, and through the aid of other

animals, including man. Everyone has

heard of storm winds carrying objects

great distances. Insects, spiders, and

mites are commonly dispersed in this

way. It is little wonder that all islands

capable of supporting animal life are

inhabited by insects. The surprising

fact is that the ability to fly has little

to do with the dispersal of light crea-

tures; the less they use their own
strength, the better the chances for

dispersal. There is a whole literature

on "rains of frogs," and all alleged

cases cannot be laughed off. Frogs

would be the first of the higher ani-

mals to be lifted by a cyclone, because

they so often live in shallow water.

For reptiles, dispersal by floating

vegetation is most important. The rec-

ords are replete with examples of ani-

mals floating across wide stretches of

sea on masses of matted vegetation.

These masses sometimes even bear

erect trees of good size. Animals such

as the giant snakes possess both ar-

boreal and aquatic tendencies, as well

as the ability to live for months with-

out food or water, so they would be

logical candidates for raft transpor-

tation. But although a snake might live

well enough on such a raft, which may
be a bit of its original home, it could

perish on a barren beach before reach-

ing suitable terrain.

The most famous raft report involv-

ing a giant snake is that made by

Alfred Russel Wallace: a boa constric-

tor arrived in good health on St. Vin-

cent, one of the Windward Islands,

after floating 200 or more miles from

South America. It has also been reli-

ably reported that an Indian python,

at least 18 feet long, was carried about

the saine distance down the Godavari

River of India to Kotapalli, an island

lying across one of the river's mouths.

AS to the effectiveness of water bar-

riers, science has profited greatly

from studies made after the stupen-

dous explosion of Krakatoa, the vol-

canic island in Sunda Strait. Animal

life there was destroyed by the erup-

tion in 1883, yet by 1908 the reticulate

python was found on the island; some
ten years later it was common.

Finally, there is no question that

man also has moved and continues

to move reptiles—including the giant

snakes—in one way or another. The
wonder is that these snakes still seem

to have reasonably "natural" ranges.

Reptiles apparently moved outward,

initially, from the tropics of Africa

and Asia, but this does not mean that

they have deserted these regions; on

the contrary, they are still as abundant

there as anywhere. A number of domi-

nant reptile groups have moved from
the Old World to the New, whereas it

is not certain that any have done the



everse. The place where snakes first

riginated is unknown, as are the

ourses of their earliest dispersals,

lore recently, they have spread out

rem the Old World tropics.

The giant snakes—boas and pythons

-belong to an ancient famil\. Fossils

f this family have been found that

ate from the Eocene epoch. Although

\ie fossil record is all too scanty, it

oes show that these snakes were once

rtdely distributed in Europe and tem-

lerate North America—regions where

hey are now all but absent, presum-

bly because of todays relatively se-

ere climates. Their wide ancient dis-

ribution explains their abundance in

uch well-separated parts of the world

South America, Africa, tropical

Vsia, and Australia.

Tliir, six largest living giant snakes

_|_ —members of the family Boidae—

ire the anaconda, the boa constrictor,

nd the Indian, reticulate, amethystine,

nd African rock pythons. With the

sxception of the boa constrictor, these

'orm a distinct size group among the

inakes of the world.

The boa constrictor, with a maxi-

mum length of 18.5 feet, is noticeably

smaller than the other five. Yet the

jnly other snake that has a maximum
ength approaching it is the king cobra,

which sometimes grows to be a little

over 18 feet long. But this highly

venomous Asiatic reptile, not a rela-

tive of the "big six," is so slender that

its weight never approximates that of

the boa constrictor.

The following measurements will

indicate how wide is the gap between

these "longest" and the remaining

2,500 or more living species of snakes.

Taking 12 feet as a limit, I find that,

the king cobra to one side, only a few

other species of boas and pythons and

four snakes of other families attain it.

Three of the last four do so very

Irarelv. These are the highly dangerous

mamba I largest of the four, it has a

: maximum length of 14 feet and lives

I

in Africa I . the bushmaster ( a pit viper

of tropical America I . the dhaman. and

t the keeled rat snake ( both harmless

!• species of southern Asia I

.

The frequent presence of one or

more of the giant six in zoos and cir-

cuses is responsible for the belief that

all boas and pythons are big snakes.

The truth is that only about 15 per

cent of the 65 or more species of the

family Boidae (including, of course,

the six giants 1 attain the 12-foot limit.

No other family of snakes has more
than two 12-footers.

Our giants share certain character-

istics that set them of! from other ani-

mals. Indeed, no other group of crea-

tures has a greater array of extraordi-

nary qualities. They are the longest

of all existing land animals, as well as

the lightest of the big ones. They are

characterized by slender, highly flex-

ible bodies that enable them to throw

constricting coils about their prey

and their enemies. They are the only

large vertebrates without useful ap-

pendages; their tiny spurs are but rem-

nants of lost hind legs. They are about

the only big terrestrial creatures with-

out a vcjcal apparatus. They are unable

to produce a sound above a hiss. Also,

having no external ears, they lack sen-

sitivity to airborne sounds. They de-

pend on vision to a limited degree and
perceive mainly through organs of

smell and, in some cases, heat-sensitive

labial pits, and are well adapted to

both nocturnal and daylight activity.

THE big snakes, with few excep-

tions, move (or crawl I more
slowly and more silently than do other

large terrestrial creatures. No other

large terrestrials, however, are as much
at home in water as on land. Three

factors make the big snakes superior

Anacond.\ jaws are loosely connected
and highly flexible, dropping down and
angling out when snake draws in prey.

If too large, prey is fixed by teeth

that slope back towards the throat, and
the snake pulls itself over its victim.



in the water: a transparent, watertight

eve-covering, an undulatory motion,

and an ability to hold the breath for

a long time. Only one of the great

snakes, the anaconda, takes much ad-

vantage of this amphibious ability, but

all enter water freel) ^vhen the occa-

sion arises. They readily climb trees,

too, and crawl among branches that

will support their weight.

No other large land animals swal-

low objects approximately as large as

themselves or devour whole animals

the size of a man. This capacity means

that they can take in at one time much
more fuel ( relative to weight I than

can other land animals. Since they are

able to consume in one meal as much
as four hundred times their daily en-

ergy need, their periods of fasting

sometimes last well over a year.

The ability of a giant snake to crush

a victim by constriction has been ex-

aggerated in the public mind. After

seizing its prey in viselike jaws, the

serpent coils its body about its oppo-

nent and squeezes. The muscular pres-

sure is sufficient to contract the vic-

tim's chest and thus halt the ability

to breathe. Bone-breaking exertion,

therefore, is not at all necessary.

The giants, like other snakes, are

"cold-blooded." or, more properly, ec-

tothermic. Except for one that shivers

to raise the body temperature when
coiled around its incubating eggs,

these snakes have no internal heat-pro-

ducing mechanism. As a result, their

temperature remains close to that of

their surroundings. Evidently, the

Boidae flourish within or close to the

tropical regions of the world.

The anaconda and boa constrictor

are viviparous, bringing forth their

young fully formed, as do most mam-
mals. The pythons lay and brood eggs,

but rarely incubate them. The young

grow rapidly until they reach sexual

maturity, after which the rate of

growth continues, but much more

slowly. It is next to impossible to judge

length of life in the wild, but captive

giants have been known to live over

twenty years. Traditionally, the Boidae

family has been divided into the boas

(Boinael and the pythons (Pythoni-

nae) , but recent research suggests that

much more must be learned about

their anatomy before they can be

divided into subfamilies.

OUR six giants fall into simple geo-

graphical groups: the two boas

of the New World and the four pythons

of the Old World and the Australian

region. This convenient distribution

does not apply to all of the Boidae

however. Many smaller species of boas

are found in various parts of the East

ern Hemisphere. More detailed discus

sion of each of the six giants must

include a few words about their range

and habitats, maximum length, and

certain other characteristics.

Boa constrictor: As the most famil

iar of the six, this giant deserves treat

ment first. This species illustrates the

rare circumstance of an animal with

a common name that is also its scien-

tific name. The latter is properly writ-

ten as above, with an initial capital

letter and in italics. The common term

"boa constrictor" is often used in a

broad sense to mean almost any huge

snake, but this extension of meaning

is inclined to create ambiguity.

The range of Boa constrictor ex-

MEXICO

CHINA ^
INDIAN PYTHON

RETICULATE PYTHON

AMETHYSTINE PYTHON

AUSTRALIA BOA CONSTRICTOR

ANACONDA

Range of the reticulate python is in

black, indicated by black scoring in

areas where it overlaps the Indian or

amethystine. Queensland coast is only

pan of Australia v/ith a large python.

Several species of boas are found in

South America, and one ranges as far

north as Mexican lowlands. Most are
in Orinoco and Amazon basins; some go
south to Bolivia and north Argentina.



tends from Argentina to the northern

Mexican states of Sonora and Ta-

maulipas, both close to the United

States. Smallest of the six giants, it

reaches a maximum length of over 18

feet. It is also the most adaptable of

the big snakes. In Mexico it thrives in

ild deserts, yet elsewhere it is at

home in wet tropical forests, open

savanna, and cultivated fields, from

sea level to moderate elevations.

Anaconda: The next of our six,

the anaconda (Eunectes murinus), of

South America, is probably the giant

among the giants. A 37.5-foot speci-

men has been reported, and the species

is usually greater in girth than any

of the other Boidae.

The word "anaconda" is of doubt-

ful origin. Some scholars, tracing it

to Ceylon, say it is derived from the

Tamil words anai, which means "ele-

phant," and kolra, which means "kil-

ler." On Ceylon the name apparently

was applied to the Indian python.

Though the word does not appear in

early South American literature, it is

now universally applied to the New
World snake, and not to the Indian

python. Other names commonly used

for the anaconda in South America

are siicurid and water kamudi. There

are several different spellings of both

of these words.

The anaconda is also known as the

"water boa." It frequents permanent

bodies of water that have enough vege-

tation in them to afford cover and in-

sure a supply of food. Though a tend-

ency toward aquatic habits is notice-

able in the other giants, this is the only

one that can be called truly aquatic. I

do not mean that the anaconda cannot

crawl about on land as well as the

other great snakes; it merely prefers

to spend most of its time in water and

never to stray far from it.

The anaconda has only one small

relative in its genus—Eunectes. This

is Eunectes notaeus, which lives in

Paraguay and adjacent regions. This

snake is, however, too small to be

rated among our six giants.

AFRICAN rock python: Turning to

. the four Old World giants, all of

them pythons, we shall first consider

the African rock python (Python

sebae) . This species, reaching a record

length of 32 feet, is often exhibited in

zoos. It is the only one of our six

with a range that does not overlap that

of an(jlher. It is widely distributed

throughout Africa, except in the great

deserts (a need for humidity presum-

ably keeps it out I . It prefers savanna

country and has been found at high

altitudes. All stories of huge African

snakes must stem from this lone giant.

The few other pythons of Africa are

small and ha\e ranges relatively lim-

ited in comparison with P. sebae.

There can be little doubt that man
has been in close association with the

African giant longer than with any

other. If, as seems probable, man
evolved in Africa, he must have

"grown up" with the python. Little

wonder that python worship reaches

its height in Africa, and that this giant

has become its symbol.

Indian python: This Old World
giant (Python molurus) is sometimes

called the Indian rock python. It is

not only the second most widely known
of all the giants, but also is the first

species about which a large amount of

SOUTH

AMERICA

Python sebae is the only one of "big

found in Africa. Its range is

the centra! and southern part of the

continent south of desert areas, and
it IS also in White Nile River Basin.



Mr. Pope, well-known herpetologist,

is author of The Giant Snakes, which
was recently published by Knopf, and
from which this piece was excerpted.

scientific information was acquired.

Because it is popular with the snake

charmers of India and Pakistan, the

Indian python is seen constantly by

the people of those countries and by

tourists. The zoos of the world stock

it regularly, even though it is less spec-

tacular than others. Its greatest known
length is about 20 feet.

The Indian python is widely dis-

tributed on the mainland of south-

eastern Asia, including southern China

and, to a more limited extent, the East

Indies. It frequents jungles as well as

regions devoid of forests, and rivals

the African rock python in reaching

considerably higher elevations.

Reticulate python : This animal (Py-

thon reiiculalus) has been called the

largest of the great snakes, but there

is a strong tendency now to give

honors for size to the anaconda. Its

accepted maximum length stands at

33 feet. The reticulate python has

always been popular with zoo and cir-

cus men because it lives well in cap-

tivity and has a striking color pattern.

The range of the reticulate python

starts in Burma and extends eastward

I south of China ) and southeastward

to include the Philippine Islands and

Timor (just north of Australia I . Thus,

all the humid tropics of Asia, and the

great archipelago to the southeast of

it, are inhabited by the Indian or the

reticulate python or by both.

AMETHYSTINE python: The "dark

^ horse" of the giant snakes is the

amethystine python (Llasis, ox Python
amethyslinus) . It was introduced to

science as long ago as 1801, still there

is much confusion over its proper

name, its maximum size, and the ex-

tent of its range. Opinions also differ

in regard to its relationships, some
students putting it in the genus Py-

thon, others in the genus Liasis. This

differenf:e of opinion indicates a need

for further anatomical studies.

The amethystine python has been

known to reach lengths of at least 22
feet. It is distributed from northeast-

ern Australia to the Philippine Islands.

It has shown a preference for river-

banks in wild country, but it is also

found near human habitations. Few
people in the United States ever have

seen the species alive, as our zoos sel-
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dom exhibit it. Though not a rare

snake, it is an elusive one.

While science encourages an objec-

tive view of nature, it has made no

startling headway against snake lore,

which still persists among all of man-

kind, both civilized and primitive.

Tens of thousands of beliefs have been

conjured up about giant snakes, and

many of these have crystallized into

various forms of serpent worship.

AN article published only a little

more than twenty years ago (un-

der the authorship of "Tursa" I pre-

sents a curious mixture of python fact

and fancy. A python, it is said, justi-

fiably viewing as an impediment the

"antlered head of the stag it has

crushed," tears a strip of skin from

the victim's back (being careful to

leave the strip attached to the head),

binds the head to a tree or sapling, and

revolves the stag's body until the head,

with its horns, is twisted off. The au-

thor apparently bases his conviction

on the frequent discovery of antlered

animal heads "in the neighbourhood

of recently fed snakes." Oddly enough,

he is even more impressed by irrefut-

able evidence of a python killing and

swallowing an adult leopard, a simple

feat compared with the quite fantastic

one in which he, along with countless

others, obviously believes so firmly.

Tursa writes that the Nepalese, "sec-

ond to none in jungle lore," say that

the python must anchor its tail about

a sapling or a leg of its victim before

the powers of constriction can be ap-

plied with any effectiveness.

A quaint belief was heard in Burina

by a scientist whose cook volunteered

the information that a python, after

digesting a large mammal, will "hang

itself by the tail over the branch of a

tree and shake its head until the indi-

gestible bones" come up.

Ethnologists and students of folk-

l(jre find scientific value in working

out the historical development of

myths as well as the courses along

which they have traveled. Many ques-

tions have yet to be answered. Peoples

from all corners of the world credit

snakes with intrinsically similar and

fantastic feats. While this is evidence

of the powerful imaginative quality of

the human mind, did the stories spread

from an ancient center of origin, or

did man repeatedly invent them? In

either case, the serpent, carried to un-

measured heights on wings of fancy,

is apt to remain aloft indefinitely.

BOA CONSTRICTOR
Boa constrictor

RETICULATE PYTHON
Python reticulatus



NEW WORLD (Boas)

^5,T*-'N> ANACONDA
f/fAo'.X Eunectes murinus

OLD WORLD (Pythons)

AFRICAN ROCK PYTHON
Python sebae
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Divers

The Animals of Sumer

"This, then, is the story of a land. The trees

are gone, the soil is gone, and the larger wild

animals that are not gone remain but briefly."

So write Robert J. Braidwood and Charles A.

Reed in a pioneer study on the prehistory of

northern Mesopotamia, Prehistoric Investiga-

tions in Iraqi Kurdistan.

Yet, in spite of the great changes that

have occurred, the art and literature of the past,

combined with the excavation results of zoolog-

ically minded archeologists, furnish us with a

picture of the ancient landscape and the ani-

Strength and dignity characterize lion

on terra cotta plaque from Nippur.

Shell inset of harp on the cover is above.
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Gaming board of shell sealed on wood with biuimen

has been reconstructed. It was made at Ur about 2500 B.C.

30

Lion's head stamp seal of pink limestone, upper left, and

reclining stone bull, lower right, were both made
about 5,000 years ago. Terra cotta camel and baked clay

equestrian date from ca. 1000 B.C. and 530 B.C. respectively.



mals that once roamed there. From excavations

in caves such as Shanidar, Palegawra, and Hazer

Merd have come the bones of animals that were

killed and eaten by men of the late Stone Age

before they had learned to live in villages and

raise crops of grain. Among these bones are

those of wild boar, wild ox, wild sheep, wild

goat—ancestors of some of our principal do-

mesticated animals. Domestication was pos-

sible, of course, wherever such wild ancestors

were found. In the case of the wild ox and wild

pig, for example, domestication could conceiv-

ably have occurred in the Nile Valley, Europe,

India, or the Far East. Africa south of the

Sahara, Oceania, and the New World are auto-

matically ruled out because none of the wild

ancestors of these four animals lived there.

Archeological remains show us, however, that

people in the Mesopotamian area began living

in villages and raising crops sometime between

ten and six thousand years B.C.; that is, earlier

than in any of these other regions. Neverthe-

less, it is difficult to demonstrate conclusively

that such early men kept animals. For many
years archeologists did not salvage animal

bones for study. In addition, considerable time

elapsed before the bones of early domesticated

animals began to exhibit sufficient morphologi-

cal differences from those of their wild fore-

bears to be distinguishable when excavated.

Like most peoples of the preindustrial world,

ancient Mesopotamians made use of the wide

range of raw materials in the land around them.

These raw materials included those animals,

both wild and domestic, that were able to con-

tribute to man's practical life in the form of

substances for everyday use (fur, skin, and

sinew; blood, milk, and fat; meat, bone, and



The author, Robert H. Dyson, Jr., is Assistant

Curator, Near Eastern Section of The University

Museum, University of Pennsylvania. He is also the

director of the Hasanlu Project of that museum, The

Metropolitan Museum of Art, and the Archeological

Service of Iran. Lee Boltin photographed specimens

at The University Museum especially for this story.

horn; and dung). They also formed the basis

for additional human activities (herding, milk-

ing, shearing, slaughtering; the preparation of

dairy products and textiles; and so on), and

an increase in social tensions (theft, injury,

hiring, buying, and selling). At the same time,

animals also provided raw material for man's

symbolic life. Their qualities were borrowed

in describing gods and mythical creatures;

myths were made up around them; they were

used as decorative motifs in the arts; and they

became important in religious ceremonies.

Sumerian cuneiform texts, known especially

from copies made about 1800 B.C. at the city

of Nippur, mention many animals while deal-

ing with a variety of subjects. One of these

tablets contains a listing of the following types

of animal skins:

"Ox, sheep, goats, ass, she-ass, wild ox, ele-

phant, mountain elephant, wild cow, hyena;

"Deer, wild sheep, gazelle, young gazelle,

fox, crocodile, hedgehog, lion, lioness, wolf,

wild dog, badger, tiger, cheetah;

Sites of Mesopotamian cities lie in "Fertile Crescent"

formed by the Tigris and the Euphrates rivers.

"Mouse, garden dormouse, brown rat, field

mouse, vole, variegated mouse, rat, shrew, mon-

goose, and weasel (?)"

The wild animals mentioned most frequently

in the written records of the Sumerians and

their successors, the Babylonians and Assyri-

ans, are usually predatory. The need for respite

from the incursions of these wild beasts is in-

dicated in the second millennium Old Baby-

lonian version of the Gilgamesh Epic, in which

Enkidu, faithful friend of the heroic Gilgamesh,

".
. . caught wolves and lions so the cattlemen

could lie down at night."

THE wild bull and the lion often appear as

symbols of strength. The lion became one

of the favorite subjects of artists working in

metal, stone, and clay. In some scenes, often

those inscribed on seals, the lion is shown grap-

pling with a hero. In others he is shown biting

the neck of some animal, as in the famous cos-

metic box lid from the Lady Shub-ad's tomb

at Ur. Stamp seals of the Jemdet Nasr period,

roughly 3000 B.C., were often made in the shape

of a lion's head. Lions were so common and

such a nuisance around 1800 B.C. that a few

years later Hammurabi included in his law

code special laws concerning animals killed

in the open or in the sheepfold by lions.

The lion was also regarded as a proud ani-

mal, as shown by its rendering on a clay plaque

from Nippur. Such proud strength was a suit-

able attribute for use as a measure of the stature

of a ruler or a city. Thus, in paying tribute to

the king Shu-Sin in a love song written approxi-

mately 2000 B.C., its writer uses a simile to

imply the king's superior power by declaring

that Ur "lies at thy feet like a lion-cub." In a

much later text a patient describes his recovery

from a disease as an act of a god: "Into the

mouth of the lion who was devouring me
Marduk places a bit." For all the lion's fierce-

ness, the Mesopotamian also recognized its

capacity for anguish. At the death of Enkidu,

Gilgamesh is described as:

"Storming over him like a lion.

Like a lioness deprived of [her] whelps."

While the Sumerians were especially aware

of lions and bulls among the wild fauna of their

country, they were equally cognizant of much

Fleece of goat among gold leaves is shell and

lapis lazuli. Beard, eyes, and horns are also lapis.
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on decorated cosmetic box lid, ca. 2500 B.C.,
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Mythological monster from Nippur is composite

of several creatures. It has lion haunches, bird-claw

feet, and its snakclike head wears a crown.

Bearded bull forms side of alabaster vessel similar

to that carried by lion on harp inlay (cover) . 1 he bull,

too, is reminiscent of the one on the harp.



Inlays of shell form eyes and dccoralive dots on this

beautiful, hollow-cast head of goat, found at Fara.



A^*
Deer of gold foil on bitumen cores, gold fruit

and grain adorn a beaded diadem of the Lady Shub-ad.

smaller creatures. Thus we find sayings such

as: "When ants are struck, they do not accept

[it passively], but bite the hand of the man who
smites them." Elsewhere, the writer of a lament

cries, "My possessions like heavy locusts on the

move . . . have been carried off."

A LL of these animals had a history stretching

^T^ far back into the Ice Age (or Pleistocene

epoch). Civilization grew up in their midst,

causing their extinction or forcing them from

their original habitats back into the mountains.

Take the domestic dog, for example. Its an-

cestor is still uncertain; it may have been a wolf,

a golden jackal, or some kind of wild dog. In

Mesopotamian art, dogs are first known at the

village of Jarmo around 6500 B.C. in the form

of little clay figurines with upcurled tails. Ac-

tual bones are unknown, however, until the

Ubaid period, nearly three thousand years

later. The skull of a saluki-like dog found in

this period at the site of Tepe Gawra shows,

along with seal representations, that a lean,

short-haired hunting dog had come into exist-

ence. In later days some of the domestic dogs

were used for protecting the herds.

The domestic pig is even more elusive in the

archeological record. Bones of a large-sized pig

occur in infrequent numbers at Jarmo, but there

is no evidence that these were domestic as

opposed to wild animals. Other bones have

been found at sites like Nineveh and Tell Has-

sunah in early levels, but have never been

studied. As in the case of the dog, it is not until

much later that evidence is at hand in the form

of art representations and script signs to show

the existence of a domestic variety.

Of the earlier domestic animals, the most

important, both to the practical and to the sym-

bolic life of the Mesopotamians, were sheep,

goats, and cattle. Of these, cattle figured most

prominently, as indicated by the fact that over

fifteen laws in the Hammurabi law code deal

with oxen, whereas only two or three deal with

sheep. Literature of the period indicates that

wild cattle still roamed the forest, no doubt

descended from the same long-horned wild

cattle found in the sites of Stone Age hunters,

the earliest of which is Barda Balka near Jarmo,

dated about 75,000 years ago. More recently,

a small form of wild cattle has been identified

at Shanidar Cave in a level dating back some

40,000 years. The presence of both a large

and a small wild form so long ago in northern

Mesopotamia raises an interesting question in

animal ancestry, for both large and small do-

mestic cattle were among the tribute given to

the Assyrian kings from peoples living in the

same area during the first millennium B.C.

Bulls, and cows to a lesser extent, found
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Ram's head, delicately carved in black stone

at Ur about 1700 B.C., probably was used on a staff.

their way into the art of the Sumerians and

later peoples in a variety of ways. They occur

as sculpture in the round and in relief on plaques

and bowls of stone and terra cotta, as inlay

pieces of shell, and carved on stamp and cylin-

der seals. They are equally abundant in metal.

Gold, silver, and bronze heads were fashioned

in the round as ornaments for musical instru-

ments, furniture, and jewelry. Metal vessels,

plaques, fillets, and other objects were deco-

rated with the chased outlines of animals. Even

shell gaming boards have squares decorated

with bulls and cows in outline form.

SEVERAL notable objects involving animals

are shown in the illustrations accompany-

ing this article. They are largely from The

University Museum's collections from Ur, ex-

cavated by the late Sir Leonard WooUey be-

tween 1923 and 1934, and from the Nippur

excavations of H. V. Hilprecht in the 1890's.

The raw materials used, with the exception of

terra cotta, had been imported to the valley of

the Tigris and Euphrates rivers from foreign

lands, as the alluvial plain itself lacked them.

Lapis lazuli was probably brought overland

from Afghanistan through Iran; thick sea shells
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were brought in from the Persian Gulf and the

Indian Ocean; carnelian may have come from

the Indus Valley, where stone virtuaily identi-

cal in quality to that of the beads of the Royal

Cemetery at Ur was used for similar jewelry at

Mohenjo-Daro. Steatite and alabaster prob-

ably came from Iran; while metal ores such as

gold, silver, and copper may have been brought

from either Iran or Turkey. In some instances,

these materials were used singly, but more often

they were combined. The lapis lazuli, for ex-

ample, often formed a beard or part of an

eye set ofiF by white shell, as in the bull's head

from the Early Dynastic harp at Ur (see cover).

ANOTHER remarkable combination of mate-

rials may be seen in the figure of a stand-

ing he-goat nibbling at a golden tree, a piece

sometimes erroneously called "The Ram in the

Thicket." The animal's body was originally a

wooden core onto which a covering of silver,

and white shell and lapis fleece were attached.

The beard, eyes, and horns were also of lapis

lazuli. A companion piece is in the British

Museum. The two, found near each other, were

presumably supports for a small piece of fur-

niture, perhaps an offering stand, as shown by

the dowel protruding up from the shoulders.

Curiously, although the practical aspect of

keeping cattle is seen in early seal impressions

that show milking scenes, oxen are rarely

shown in preserved representational art as

pulling wagons or plows or otherwise domesti-

cally engaged. The rarity of such representa-

tions no doubt is due to the preoccupation of

artists with the religious, rather than the secu-

lar, life. Written records supply the missing

data. Hammurabi's code decrees the fee for

hiring an ox to thresh at twenty qu (measures)

of grain per day (an ass cost twenty, a goat

one). Threshing was undoubtedly done in part

by having the animals walk in a circle tram-

pling the grain, as it is still done today in areas

lacking modern farm machinery. It is interest-

ing to note that the fee for renting an ox for a

year was four kiir (measures), while the cattle

herder himself rated only six! The value of an
ox is further shown by laws recording fines for

the injury of any part of a rented animal. The
owner of a vicious bull was also constrained by
law: "If a seignior's ox was a gorer and his city

council made it known to him that it was a

gorer, but he did not pad its horns [or] tie up
his ox, and that ox gored to death a member of

the aristocracy, he shall give one-half mina of

silver." Other laws covered veterinary sur-

gery on an ox or an ass: one-sixth shekel of

silver for a successful operation; one-fourth the

animal's value if it died. Theft was severely

punished. Stealing an ox, sheep, ass, pig, or

goat cost tenfold if from a private citizen, thirty-

fold if from the temple.

The role of the animal in the symbolic as-

pect of communal life may be indicated by the

ritual involving the replacement of the head of

the temple kettledrum. The eligibility of the

bull was strictly defined: it had to be unmarked
by a goad, to have no white tufts, to have whole

horns and hoofs, and to be black as pitch. It

was then brought to what was called the

mummu-house and set on a reed mat with its

legs tied with a goat hair rope. After the offer-

ing of a sheep, the ritual of "washing the mouth"
was performed by whispering an incantation

into the bull's ear through a reed and then

sprinkling him whh cedar resin. He was then

purified symbolically in some way with a brazier

and torch. Around him a circle of flour was

made and, after further recitations by the priest,

he was killed with a knife. The heart was burned
with cedar, cypress, and a special kind of flour

in front of the kettledrum. The tendon was

removed from the left shoulder for some rea-

son not specified, and the animal was skinned.

The body was then wrapped in a red cloth and
buried facing west. Elaborate instructions were

then given for the preparation of the hide, which

On terra cotta plaque, ca. 2500 B.C., humanized bull

stands on stylized hill and is attacked by eagle.



Babylonian worshiper speaks confidentially to his god

and offers lamb. Plaque is over 3,500 years old.

would eventually serve as the new drumhead.

The laws also dealt with sheep, their pastur-

ing, and the care of the flock. For example, a

careless shepherd who allowed lameness to de-

velop in his flock is conjoined to make the loss

good to the owner. The references to sheep in

the law codes, and the common appellation of

"shepherd" to the various deities, is indicative

of the importance of sheep herds to the econ-

omy and daily life. This emphasis is interesting

when we realize that the goat, not the sheep,

was apparently the earlier in domestication, as

indicated by a study of horn cores dating to

6500 B.C. recovered from the Jarmo excava-

tions. These horns have the same tendency to

twist in homonymous form as seen in the later

domestic screwhorn goats.

All of the animals of the Mesopotamian

Xjl world were drawn upon for the creation

of mythological beings and monsters. The

poems of creation, of Gilgamesh, and of the

nether world are inhabited by these monsters

compounded from various animals. The Akka-

dian Creation Myth, known from a copy made

in the first millennium B.C. but thought to date

to the second, illustrates a few of these:

"Roaring dragons she has clothed with terror,

Has crowned them with haloes,

making them like gods,

So that he who beholds them

shall perish abjectly.

And that, with their bodies reared up,

none might turn [them back].

She set up the Viper, the Dragon,

and the Sphinx,

The Great-Lion, the Mad-Dog,

and the Scorpion-Man,

Mighty Lion-Demons, the Dragon-Fly,

the Centaur. . .
."

Such fantastic monsters inevitably entered the

art world, and appeared in scenes on plaques

and seals. An excellent example of a composite

type of monster such as those mentioned in the

passage quoted above may be seen in the terra

cotta plaque from Nippur (page 35), which is

a combination of lion, bird, and snake.

The animals of ancient Mesopotamia were

an essential part of the environment within

which man lived; now attacking him, now fall-

ing victim to his attacks; now serving him and

adding to his well-being, now leading to con-

flict with his fellow man. They were tribute to

his conquerors; offerings to his gods. They en-

riched his art and fired his mind. They lived

as much in his world of imagination as they did

in the world of reality. In this way they formed

a basic portion of the Mesopotamian world—

a

world of towns and wilderness—and of dreams.

Clay seal impression shows milking scene at Ur
about 3000 b.c, with cattle emerging from reed huts.
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SKY REPORTER
Btudy of southern sky began during the mid-eighteenth century

By SiMONE Daro Gossner

T~HE MAGNIFICENT GLOBULAR CLUSTER pictured above

I
bears the name of 47 Tucanae. It is one of the many

3eautiful objects located so far south on the celestial

phere that thev cannot be seen from our latitudes. To the

laked eye. 47 Tucanae appears as a hazy spot, but power-

ful telescopes reveal its dense conglomeration of thousands

upon thousands of giant stars. It is some 20.000 light-years

away and is intrinsically the brightest known globular

cluster ( in other words, if all such objects were at the same

distance from us, it would outshine every one I . In the past

few years, studies of individual stars belonging to the

cluster have revealed another peculiarity that sets it apart

from all others: whereas globular clusters usually contain

stars similar to those found in the central nucleus of
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Southern Hemisphere galaxies of great beauty are, from

left, NGC 253, a spiral galaxy; NGC 1365, fine example of

galaxies—a composition ascribed to old age—the stars in

47 Tucanae represent a transitional stage between these

very old objects and the younger stars found in spiral arms.

Thus, besides being the brightest of all globular clusters

47 Tucanae may also be the youngest one.

AMONG constellation names, that of Tucana (the Tou-

can I is probably much less familiar than the mytho-

logical ones. This could be said, too, of others such as

Chamaeleon, Octans, Dorado, and Horologium. Of course,

they are not visible here and we have fewer opportunities

to use their names. Yet the principal reason for their rela-

tive obscurity is that they were named in the seventeenth

and eighteenth centuries, two thousand years after the

others had become known through ageless tradition. Until

the great exploratory voyages began, skies above the South

Pole were virtually unknown to most of the civilized world.

Johannes Bayer, in Uranomelria (1603), made the first

systematic attempt at grouping southern stars into con-

stellations, which he named mostly for animals, real and

fabulous: Dorado (the SwordfishI, Musca (the Fly),

Monoceros (the Unicorn), and so forth. A few decades

later, other groups were added by Hevelius, but, for the

most part, the names he chose eventually fell into disuse.

At mid-eighteenth century, the southern skies were still so

poorly charted that mariners were often endangered by

the lack of suitable star maps. In the area of the Cape of

Good Hope, for example, there were many instances when

ships caught in bad weather missed the harbor altogether,

because the absence of astronomical data had precluded

accurate determination of the Cape's geographic position.

In 1751 the French Abbe Nicolas de Lacaille came to

Capetown for the express purpose of charting the southern

stars. Working alone for about two years, he assigned

boundaries and names to southern constellations, cata-

logued about 10,000 stars, and determined the geographic

co-ordinates of the city. In a startling departure from previ-

ous tradition, Lacaille named his new constellations for

scientific paraphernalia: Horologium (the Clock), Antlia

Pneumatica (the Air Pump I, Sculptor (the Workshop),

and Fornax (the Furnace) are examples of his system.

After Lacaille had returned to France, astronomy lay

dormant once more in the Southern Heciisphere. At the

beginning of the nineteenth century astronomical interest

had shifted from studies of the solar system to that of stars

and nebulae, mostly as a result of the pioneering work of

Sir William Herschel. In contrast to observations of plan-

ets, which could always be made north of the Equator, the

new research programs made it desirable to observe the

entire celestial sphere. The first southern observatory was

founded at Capetown in 1820, and was placed in full oper-

ation in 1828. Shortly thereafter (1834-1838) Sir John

Herschel came to the Cape on a private expedition to ex-

tend to the Southern Hemisphere his father's catalogue of

nebulae and clusters. In 1858, the first of several Australian

observatories was founded at Sydney, and in 1870 the first

South American observatory was established at Cordoba,

Argentina. Several northern observatories followed suit

by setting up field stations south of the Equator.

A pioneer among these was the Harvard Observatory

station at Arequipa, Peru, which was kept in continuous

operation from 1890 to 1926 (it was then moved to Bloem-

fontein, South Africa). At Arequipa was begun the most

extensive survey of southern galaxies that has ever been
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i barred spiral; and NGC 613, a barred spiral with arms of

unusual complexity. The last is a source of radio emission.

oublished. There, too. were obtained the photographs of the

Vlagellanic Clouds, from which Harvard astronomer Henri-

Jtta Leavitt derived, in 1905, the now famous period-lumi-

losity relation of cepheid
( pulsating ) variable stars. The

Magellanic Clouds, which we will discuss again later in this

series, are small galaxies, satellites of our own Milky Way.
They are sufficiently remote so the stars they contain may
be treated as being all at the same distance from us. When
comparing her measures of the cepheids' apparent bright-

messes with their pulsation periods. Miss Leavitt discovered

that the brightest ones have the longest periods, and that

the periods grow progressively shorter as the brightness

decreases. Since all the cepheids measured by Miss Leavitt

are equally distant from us. the newly discovered relation-

ship had to hold true also for the intrinsic brightness of

those stars. Remembering that the difference between the

intrinsic and apparent brightness of an object yields a

measure of its distance, one may thus use the observed

period of a cepheid to derive its intrinsic brightness and its

distance, and hence the distance of the cluster or galaxy in

which it happens to be situated.

IN
the same way that the cepheid period-luminosity rela-

tion provided a pow erful yardstick to measure distances

of nearby galaxies ( the more distant ones are too far away
to show individual stars I , Hubble"s discovery at Mt. Wil-

son in 1929 yielded a similar yardstick for the remote ones.

He found that the speed of recession of galaxies—the so-

called red shift—is greater as their distance increases.

This felicitous combination of circumstances gave the ini-

tial impetus to studies of the structure, nature, and extent of

the universe—studies that continue to accelerate. The part

played by Southern Hemisphere observatories in securing

observational data has been essential in this area of re-

search. Milky Way surveys at Bloemfontein and at the Mt.

Stromlo Observatory at Canberra, in particular, have re-

vealed the detailed structure of the region that lies in the

direction of the nucleus of our home galaxy.

In the realm of galaxies, the recent studies carried out by

the staff of the Royal Cape Observatory deserve special

commendation. During the last few years, with the co-

operation of the Radcliffe Observatory at Pretoria, they

have obtained large-scale photographs of a number of gal-

axies chosen with particular regard to their scientific

interest. Many of these objects happen to be strikingly

beautiful as well, as witnessed by the three photographs

reproduced above. The spiral galaxy NGC 2.53, left, in

Sculptor, was first observed by William Herschel. It is

seen almost edge-on, but its spiral arms are nevertheless

well discernible. This galaxy is approaching us with a speed

of about 45 miles per second, a fact that indicates its rela-

tive nearness I that is. the general effect of recession com-

mon to all galaxies is not sufficient, at NGC 253's distance,

to mask its individual space motion) . NGC 613. right, also

located in Sculptor, is of the type called "barred spiral." in

which the arms stream from extensions of the nucleus

rather than from the nucleus itself. A superb example of a

barred spiral is NGC 1365, center, in Fornax. Its bar is

even longer than it appears here, because the galaxv is

tilted in respect to our line of sight. One should note in

particular the well-defined zigzag pattern at the center, a

characteristic feature common in barred spirals. Quite

noticeable also are the dark lanes of obscuring matter,

especially those found on both sides of the zigzag.
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THE SKY IN JUNE AND JULY

From the Almanac:

New Moon
First Quarter

Full Moon
Last Quarter

New Moon
First Quarter

Full Moon
Last Quarter

New Moon

June 2. 8:27 a.m., EST
June 10. 1:22 a.m., EST
June 17. 9:03 P.M., EST
June 24, 6:43 p.m.. EST
July 1, 6:53 P.M., EST
July 9, 6:40 P.M., EST
July 17, 6:41 A.M.. EST
July23. 11:19 P.M.. EST
July 31, 7:24 a.m., EST

The summer solstice, which marks the beginning of sum-

mer in the Northern Hemisphere, will occur on June 21 at

4:24 P.M., EST. On July 4, the earth will be at aphelion—

the point in its,orbit farthest away from the sun.

For the visual observer:

Mercury will be in inferior conjunction on June 7 and

will enter the morning sky on that date. It will reach its

greatest western elongation (22°) on July 1 and will be

in superior conjunction on July 29. Therefore, it will be

observable mostly in the last few days of June and in early

July. During that period, it will rise in the northeast about

an hour and a quarter before the sun.

Venus, in the evening sky, will set approximately two

hours and a quarter after sunset in June and July (two

hours after sunset by July 31 1 . It will be found in the west-

ern sky at dusk. On June 11. and for a few days before and

after that date, it will be south of Castor and Pollux.

Mars, in Taurus (+1.4 magnitude), will rise at 2:45

A.M., local standard time, on June 1. 1:45 a.m. on June 30,

12:45 a.m. on July 31. The planet, visible in the eastern

sky before sunrise, will be south of the Pleiades in early

July and north of the Hyades about two weeks later.

Jupiter, in Aquarius, will rise at 12:30 a.m.. local stand-

ard time, on June 1. at 10:45 p.m. on June 30. and at 8:30

P.M. on July 31. The planet will be in the southern sky be-

fore sunrise. It will brighten somewhat from — 2.1 magni-

tude in early June to —2.3 in late July.

Saturn, in Capricornus. will rise at 11:15 P.M., local

standard time, on June 1, 9:15 P.M. on June 30, and at

sunset on July 31, and it will remain visible until sunrise.

This planet, too, will increase slightly in brightness from

+0.7 magnitude in June to +0.5 in July.

The Delta Aquarids meteor shower will attain its maxi-

mum on July 29. A single observer may see about 20 me-

teors per hour, with little or no interference from the moon.

Eclipses

:

A penumbral eclipse of the moon will be visible in most

of the United States in the early morning hours of July 17.

For the earth in general the eclipse will last from 5:27 to

8:21 A.M., EST. but in the Western Hemisphere the moon

will set before the end of the phenomenon. Penumbral

eclipses are characterized by a gradual decrease in the

moon"s brightness, without sharp delineation of shadow.

An annular eclipse of the sun will occur on July 31. The

annular phase will start in Venezuela, traverse the Atlantic

Ocean and central Africa, and end in the Malagasy Re-

public. The eclipse will not be seen in the Lnited States,

except for a small partial phase visible at sunrise in Florida.

On tlie preceding pages, Mrs. Gossner offers the sixth

in licr 1962 >.prie> — a survey of the <elestial sphere.
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Diversity Typifies

Heron Feeding
Specialized foraging techniques permit species to coexist



By Andrew J. Meyerriecks Drawings by Guy Tudor

e

HE PRIMARY FOOD of many heron

species is fish, and the birds are

adapted for the pursuit, capture,

consumption of such prey because

bills, necks, and legs. Indeed,

nd other striking structural

K ptations of herons are often cited

t jopular and technical articles to

3ort the contention that herons are

catchers par excellence. It is far

n general knowledge, however, that

e lovely birds display a remarka-

ble diversity in their feeding behavior.

The classic heron feeding technique

is to stand "frozen" in the shallows,

waiting for prey to come within strik-

ing range, but herons also pursue their

prey actively in many ways, some
characteristic of one species, others

shared by several species. In Florida

Bay, as many as nine species of herons

can be seen feeding on the same shoal,

but rarely are more than two or three

species seen to use the same or similar

feeding methods simultaneously. In

fact, individuals of some species (for

example, the reddish egret, Dichro-

manassa rujescens t may reveal the

entire feeding behavior repertoire of

that species in less than an hour of

close observation.

My purpose here is to describe some
techniques used by the North Ameri-

can herons with which I am most fa-

miliar and to relate this diversity of

behavior to certain aspects of heron



"Maintenance" activities of an adult little blue heron

that occupy bird when not foraging include using nail ol

ecology. Further, I shall speculate

briefly on the origin and evolution of

heron feeding behavior—speculative

because behavior does not fossilize,

and the feeding techniques of many
species are not (or are poorly 1 known.

I call the basic type of heron feed-

ing behavior "stand and wait," and to

my knowledge it is common to all

species of the family Ardeidae. This

basic method is highly characteristic

of the green heron, BiUorides vires-

cens, a species broadly distributed in

North America. Typically, a feeding

green heron takes a stance at the edge

of a pond or a tide pool and remains

motionless in a low, hunched posture,

with its head retracted. Often the first

indication that prey has drawn near

is a slight up-and-down "tail-flicking."

I do not know the reason for this tail

movement before a strike, but it is a

regular pattern. When the prey, say a

minnow, is in range, the green heron

strikes by darting its head forward

and down. The fish is seized and held

for a moment between the tips of the

long, slender mandibles. Then the

heron tosses the food headfirst into its

mouth by a short, backward motion of

its head. Often a green heron wiU dip

its bill into the water after capturing

aquatic prey; this behavior is usually

followed by a quick shake of the bird's

head. I have noted that when a green

heron misses a strike, it will usually

show the bill-dipping and head-shak-

ing anyway, as if this follow-through

were essential to the feeding sequence.

If the prey is too large or too ac-

tive to swallow when captured, green

herons (and other species) will batter

it against roots, rocks, or the ground

before eating it. Sometimes the bird

will drop, strike, and pick up the prey

repeatedly until it is ready for con-

sumption. On one occasion I watched

a crippled common egret, Casmerodius

albus, work over a very large fish in

this fashion for one hour before fi-

nally giving up and hobbling over to

a deep pool for another try.

AN obvious modification of the basic

^ feeding method is "wade or walk

slowly"; I believe that this technique

is also common to all herons. The com-

mon egret is a master of this method.

It wades or walks slowly among dense

cattails or flags in a pond, through a

reed-choked habitat, or even in the

short grass fields of a dry, upland lo

cale. The bird moves slowly, each step

seemingly measured; it may hold its

body erect, head and neck forward at

about a 45° angle, or it may adopt a

low, crouched posture with its head

slightly retracted. The latter pose i

usually shown by an egret foraging in

areas with dense aquatic vegetation

A common variant is one I have la

beled "peering-over," in which the

egret stalks from a low, crouched pos-

ture, head fully extended, with bill

pointing down or nearly so. This pose

seems to be characteristic of situations

in which the prey has moved under

cover and the egret is trying to locate

it with the least bodily motions.

The function of this method is

clear: when the prey does not come to

an immobile egret, the bird is forced

to seek it out stealthily. When the prey

makes its presence known, the egret

halts, often with one leg slightly raised

in a stop-motion, fixes its gaze on the

prey, retracts its head slightly in
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middle toe to scratch head, left; preening flight feathers,

enter; and preparing to strike at prey beneath its perch.

oreparation for unleashing its bill,

hen strikes at the target.

The little blue heron, Florida cae-

ulea, another master of the slow wad-

ing method, is an example of a species

with a common variant of this tech-

nique — "head-tilting." The feeding

heron wades forward as described, but

regularly and alternately tilts its ex-

tended head and neck sharply to one

side of the main body axis and then

to the other as it peers at the water.

My observations indicate that little

blue herons use head-tilting most often

on bright days, when there is consid-

erable surface glare on the water, or

when foraging in shallow water habi-

tats with thick vegetation.

The two basic methods, "stand and

wait" and "wade or walk slowly," form

the hard core of heron feeding be-

havior. They are common to all herons

and are often resorted to when more
sophisticated techniques fail. Although

of interest, especially to the student

of heron behavior, the basic methods

seem unspectacular compared to the

exciting and often bizarre foraging

methods used by many herons when

pursuing prey. Many of these tech-

niques fit the collective category of

"disturb and chase."

If we watch patiently, for example,

a wading great blue heron, Ardea

herodias, or a little blue heron, we can

see a bit of the past unfolding before

us, because the bird will show the first

link in what I conclude is an evolu-

tionary series of active prey-pursuits,

culminating in other species in the

most bizarre of heron feeding methods

—"canopy feeding"—which will be dis-

cussed later. This link is a seemingly

trivial bit of behavior that I have

dubbed "wing-flicking."

THE wading heron moves forward

at a stately pace, then does what

at first glance appears to be a balanc-

ing movement: it suddenly extends

and withdraws both wings in a short,

rapid flick. The extension of the wings

may be barely perceptible or may be

a noticeable motion of a few inches to

about a foot. Typically, two or three

such wing flicks are given in succes-

sion, although five or more are not

uncommon. The bird may stop wad-

ing, give several wing flicks, then

move on, or it may flick as it wades.

Rarely, the bird will stop, give a single

wing flick, wade a few steps, then re-

peat the behavior for several minutes.

1 conclude that the function of wing-

flicking is to startle prey into activity,

thus enabling the heron to locate and
strike at food items not previously

disturbed by its wading. Most of my
observations of this method have been

made on bright days when the herons

were foraging in open, shallow wa-

ters. Each wing flick made a sudden,

obvious shadow on the surface of the

water. Now. it is true that the bird's

shadow is on the water, but this moves
slowly, whereas the wing flicks cast

two sudden extensions of the moving
shadow. When this device stimulates

prey into movement, the heron strikes

from a stationary stance or actively

pursues its food.

The tricolored, or Louisiana heron,

Hydranassa tricolor, shows clearly the

next stage in the evolutionary story.

When foraging, the bird may exhibit

one or more variants, often in rapid

sequence, of "open wing feeding." The

SI



Two REDDISH EGRETS, One dark phase,

the other in rarer white phase of the

species, are shown in various stages

of feeding territory dispute. Plumage
is erected more as tendency to attaclP

increases. If neither bird breaks ofl k

wading bird, feeding typically in shal-

low, open water, will suddenly extend

one wing fully, whirl, withdraw the

wing, whirl, fully extend the same or

the other wing, then rapidly pursue

any prey disturbed by the quick wing

movements. Or the heron may wade
forward slowly, then pick up speed

by running straight ahead, stop sud-

denly, move one or both wings out

rapidly to their fullest extent, whirl

in place, then stab at its prey.

ONE of the handsomest of New
World forms, this species adds

to its beauty of shape by pirouetting,

a magnificent variant of the open wing
technique. The bird starts by wading
forward. It then extends both wings

52

and starts to turn in place. Next, it

raises one wing higher than the other,

and as it turns slowly it tucks its head

under the higher wing while peering

into the water. Characteristically, the

bird tucks its head under the raised

wing when its back is to the sun. As it

turns, the bird shifts its head to a posi-

tion under the other wing, which has

been raised during the pirouette. I

have seen this method used on bright

days when surface glare was intense;

clearly, the pirouetting serves a dual

function : ( 1 ) surface glare is reduced

when the wing casts a shadow on the

water and an eye shield is provided

for the heron; (2 1 the erratic move-

ments of the shadow cast on the sur-

face of the water stir up potential prey.

The reddish egret, as far as its feed

ing behavior is concerned, is my fa

vorite North American heron. It is

unique among our species in the di-

versity and strangeness of its foraging

methods. No other heron, to my knowl-

edge, has such a varied and unpredict-

able repertoire. Although this species

shows the basic methods, it character-

istically pursues its prey in an ener-

getic fashion. A reddish egret may
commonly show wing-flicking, but

more often it will lurch or reel about

the feeding grounds in a half-running

half-jumping type of foraging behav-

ior. More important for our evolu-

tionary thread, the reddish egret shows

the two remaining links in our series.

The first, "underwing feeding," may



he encounter, they meet in combative

Jight, at center, and contest the area.

^recede or follow any of the methods

Dreviously described, which is a good

ndication of the bird's versatility and

unpredictability. From a forward run

3r a weaving type of progression, the

ret will suddenly stop and extend

one or both wings fully and hori-

zontally. While holding this pose, it

5tabs rapidly under one or both wings.

Unlike open wing feeding, in which

the wing is extended fully and then

withdrawn, the reddish egret holds the

extended position as it strikes. The
wings, however, are not raised appre-

ciably above the horizontal, nor are

they brought forward in front of the

bird's head. This technique is a pre-

cursor, so to speak, of the final step

in the evolutionary story.

By comparing a number of related

forms, perhaps I have produced

enough evidence to indicate that these

patterns of feeding behavior, even

though shown by living species, re-

flect an underlying evolutionary se-

quence that ma) have taken millions

of years to perfect. The terminal twig

in our phylogenetic branch is canopy

feeding, best shown by an African

species, the black heron, Melanophoyx

ardesiaca. In this species, the extended

wings are first brought forward, form-

ing a canopy over the bird's body. The
heron then tucks its head under the

umbrella so formed and starts to feed.

The black heron actually places the

tips of the flight feathers in the water,

or in special cases, in the soft mud of

a pool-dotted substrate. Our own red-

dish egret does not carrv this method

to the extreme shown by the black

heron, in that the tips of the flight

feathers, at least to my knowledge, are

not placed in the water. However, the

reddish egret does form a canopy over

its body, especially the forward parts,

tucks its head under the covering, and

waits for the prey— typically, small

minnows—to gather under the canopy

before striking. Prior to canopy feed-

ing, the egret has been dashing about,

stirring up the fish; now, however, it

stops, forms a canopy, and waits for

the startled prey to take shelter in the

false refuge. Further, the bird holds its

canopy for a minute or two, waiting

for many tiny fish to enter the canopy

before it starts to feed.

So far, in this brief view of heron

feeding behavior, we have con-

sidered one possible mode of evolution

beginning with wing-flicking and end-

ing with canopv feeding. In the general

category of "disturb and chase" tech-

niques, however, herons show other

methods equally interesting to us, and

of survival value to the herons.

For example, the snowy egret. Leu-

cophoyx ihula, and other species en-

gage in a fascinating foraging method

called "foot-stirring," in which the

bird actually stirs the substrate (mud,

for example). Sometimes, while wad-

ing slowly forward, it extends one leg

Aerial variation of "foot-stirring" is

used by snowy egret. As it flies, bird

lowers a foot and stirs turtle grass

or other aquatic plants to flush prey.
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Feeding repertoire of the Louisiana

heron includes the method of running
forward rapidly, above. Heron's head
is held in a low, withdrawn position.

Stopping suddenly, heron strikes at

its target. Having captured prey, the
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bird holds it scissors-fashion in bill

a moment before swallowing it, right.



and quivers its foot on tiie surface of

the water. Any ])rey disturlied by the

mcjtions of the egret's foot is (juickly

seized. In so agitating the water sur-

face, the i)ird seems to be using its foot

as a lure. The impression is bolstered

by the fact that the toes of this species

are a bright yellow, whereas the legs

are jet black. Such a sharp color

demarcation is also found in the

closely related little egret. Egrclta

garzella, of the Old World, a species

that also engages in foot-stirring. It is

tempting to speculate that the color

pattern evolved in conjunction with

the feeding behavior, but there is no

experimental evidence to support this

hypothesis at the moment.

AN interesting aerial variant of this

technique is one that I have

named "hovering-stirring."' Typically,

the snowy egret takes flight over the

shallow water, hovers over one spot,

dangles a leg, stirs some aquatic debris

or a tuft of vegetation until its prey

darts from cover, and makes its strike

while still in flight. The reddish egret

also shows foot-stirring behavior, in-

cluding the aerial variant, and in so

doing demonstrates its grace and agil-

ity in flight. Unlike the foot motions of

the snowy egret, those of the reddish

egret are more of a raking or a scrap-

ing nature. Further, the reddish egret

does not deliberately extend one leg

in order to scrape, but instead simply

vibrates its feet as it moves forw;ard in

an otherwise normal wading manner.

IN
all of the disturb and chase meth-

ods treated thus far the heron

has acted as its own disturbing agent,

but the cattle egret, Bubulcus ibis,

associates with any organism, includ-

ing man, that will act as beater for it.

Indeed, cattle egrets will act as beaters

for one another, as is seen in their

peculiar "leapfrog" feeding (Natural

History. August-September. 1960 1

.

Although this type of behavior is

highly characteristic of the cattle egret,

it is not unique to that bird. Many
other species of herons will tempo-

rarily join with foraging animals,

especially hoofed mammals, in order

to take advantage of the larger crea-

tures bulk in agitating prey. I might

add that cattle egrets have the usual

heron equipment for fish-catching and

have been seen doing just that, al-

though a diet composed of fish is un-

usual for the species.

Before turning to other aspects of
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heron foraging, I would like to relate

an amazing example of learning in re-

lation to feeding, first seen by Hervej'

B. Lovell. A green heron that foraged

in an area where people threw bread

into the water was apparently able to

associate the presence of the bread

with its use by the fish as food. Lovell

actually saw the green heron seize

some bread, place it in the water, and

wait for the fish to grasp the bait. In-

deed, he saw the green heron repeat-

edly retrieve the bait when it began to

float into unsuitable foraging areas!

The green heron's use of bait is as re-

markable as the use of "tools" noted

in a few other bird species.

The feeding shoal in Florida Bay,

mentioned at the start of this article,

is an excellent area for observing in-

teraction among various heron species

as they go about the daily task of

foraging. Some of the smaller keys in

the bay are covered primarily with red

mangroves, while the larger ones usu-

ally have a fringe of red mangroves

surrounding an inner zone of black

mangroves and tangled masses of salt-

wort. Often the keys are used by the

herons as roosting and nesting sites.

Typically, the water surrounding the

keys of inner Florida Bay is quite shal-

low; shoals suitable for heron foraging

may extend from one key to another,

or at least reach for some distance into

the waters of the bay. Such shoals may
be completely covered by water or they

may be fully exposed, depending on

the direction and velocity of the winds.

WITH the exception of the cattle

egret and the two species of

bitterns (American bittern. Botaurus

lentiginosus, and least bittern. Ixobry-

chus exilis) , I have seen individuals of

all of the heron species that normally

occur in the United States feeding ofted

these shoals, and usually numeroiL;

representatives of most of these specif p
are to be found. For the most part, ai

cording to my observations, the di

ferent species forage in somewhat ri

stricted parts of the total area availabi

to them rather than wandering aboi
j,

at random over the entire region.

For example, the green heron, whic

is the smallest species representee

tends to restrict its feeding to the re

mangroves on the periphery of th

keys or to the area immediately ac

jacent to this vegetation belt. I hav

rarely seen a green heron leave th
j,

shelter of the mangrove prop roots ii

order to forage farther out on thi

shoals; they did so only when th

water had been swept from the shoal
j^

by the winds. By contrast, the grea

white and great blue herons—th

largest species in the area—concen

Leg length and water depth limit herons' foraging ran

and size indicates rank in dominance hierarchy. Birds are



ed their activities on the tips of the

als where the covering water was

pest. In general, the intermediate-

d species tended to distribute them-

es with respect to water depth in

tion to the length of their legs. In

regard, green herons were physi-

ly more restricted in their foraging

t.ge than were the larger species.

sy could forage in sections away

m the red mangroves only when the

als were fully exposed. Great white

ons. on the other hand, could use

entire shoal up to belly depth. How-
ir, the depth of the water limited the

ige of some species and curtailed

tain feeding patterns, irrespective

species. Such active techniques as

wing and underwing feeding.

ich involve much running, are not

sible in the deeper water at the tips

the shoals, so the basic methods of

nd and wait and wade or walk

slowly are characteristic of those indi-

viduals foraging in this area. In the

shallows closer to the red mangroves,

however, individuals of several species

run the gamut of feeding methods

from wing-flicking to canopy feeding.

M\^Y heron species surmount the

deep water problem, however, if

food is available or in abundance

there, by diving into deeper water or

by hovering over such spots in pursuit

of food. Such behavior is not charac-

teristic, but is resorted to when other

methods or other areas of the habitat

are not productive.

What significance can we attribute

to the great diversity of feeding tech-

niques? First, each species has a re-

pertoire of feeding methods suited to

its needs: these behavior patterns, to-

gether with those structural features

that allow the heron to catch fish (long

1)111. long legs. etc. I constitute, in part,

adajjtive devices needed by a heron in

order to secure a minimum daily re-

quirement of food. Further, the dif-

ferent species show a "preference" for

certain parts of the total available

foraging area — green herons among
the mangrove prop roots, great white

herons out in the open in deep water,

for example. Such preferences are not

strictly maintained but are often "vio-

lated" by one or more species. This

plasticity of behavior may be a factor

of extreme importance for the welfare

of the species. Extensive field observa-

tion indicates, however, that herons

generally do restrict their foraging to

parts of the available feeding area.

Such restriction may have evolved

through stiff competition in the past,

with the result that the species we
watch today are specialists, so to

speak, not only in where they feed, but

m left: a green heron, an immature little blue heron, a

Idish egret, an American egret, and a great blue heron.



also in how they feed and what meth-

ods they use. To my mind, these struc-

tural and behavioral adaptations may
be looked upon as devices for avoiding

competition today and in the future.

For example, the illustration on pages

48-49 shows seven species at the edge

of the mangroves. Each species is

foraging in a different manner, with

the result that they are "sharing" the

available space to the benefit of all.

The black-crowned night heron, ordi-

narily a nocturnal feeding species,

feeds on occasion during the day,

when the other species shown are most

active, but it does so by the stand and

wait method among the mangroves.

The great white heron also uses this

feeding method, but is farther out on

the shoal and normally does not come
in contact with the black-crowns.

While foot-stirring, the snowy egret

moves over the shallower portions of

the shoal, avoiding the debris-filled

edge of the mangroves and the deeper

waters out in the open. The Louisiana

heron, shown pirouetting, and the

little blue heron, which is head-tilting,

may feed in the same general zone as

the snowy egret, but in their pursuit

of prey they move about over a con-

siderable range and rarely come close

to another individual. The reddish

egret may wade for a time, then engage

in open wing feeding, or dash about

among the other species, but its move-

ments keep it from all but a brief con-

tact with any other individual. In this

way, a diversity of feeding techniques

allows a concentration of individuals

and species in the same area at the

same time, yet each has sufficient room
in which to operate. If all species fed

in the same manner, close contact

would lead to threats and fights, thus

reducing the time available for feed-

ing, which plays a vital part in the

existence of any species.

THE yellow-crowned night heron,

not shown in the illustration, re-

sembles the black-crowned in that it

forages a great deal at night—another
adaptation for reducing competition

for space on the foraging areas. My
observations in Florida Bay indicate

that when it does feed during the day,

it does so largely by standing and wait-

ing deep in the mangroves.

What about individuals of the same
species feeding in the same area? Com-
petition is keen in this case, because

the individuals concerned have virtu-

ally the same equipment, both
structural and behavioral, so their re-
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quirements are essentially identical.

Here, feeding territories may be estab-

lished and maintained by active

defense of a large or small area,

depending upon the nature of the spe-

cies concerned. Each individual a-

dopts a part of the feeding area as its

own, and when an intruder of the same
species appears it is promptly threat-

ened and/or attacked, with the "own-

er" the victor in most encounters. In

this way, individuals of the same
species are spread out over suitable

foraging areas.

SUCH territories may be extremely

small (in the case of the green

heron) or very large (great white

heron I ; they may be maintained for

weeks or even for months (individual

great blue and great white herons

watched in Florida Bay) , or for a few

hours during the day. Such temporary

territories are very common with

many individuals of most of the

species we have been discussing. At

least one — the cattle egret — has a

moving territory at times. If we accept

G.K. Noble's definition of territory as

"any defended area," then the side of

a moving bull or cow is a true terri-

tory, for cattle egrets typically take a

stance on one side of a grazing mam-
mal and threaten and chase other cat-

tle egrets that try to usurp the favored

position. Wherever the mammal goes,

so goes the egret. I might add, how-

ever, that cattle egrets will change

"territories" repeatedly during the

day, favoring the mammal that moves
at a steady grazing pace and thus stirs

up a goodly supply of egret food.

A social relationship that reduces

strife between members of different

species is one labeled the "dominance-

subordinance" hierarchy. When it was

first formulated, this concept was

based on extensive data gathered from

the behavioral interactions of fellow

members of the same species, but the

feeding herons of Florida Bay provide

an interesting example of an inter-

specific (between species) hierarchy

based largely on size. Here is a typical

observation made near Cowpens Keys
in inner Florida Bay. An extensive

shoal is occupied by one or more in-

dividuals of the following species, in

order of increasing size: green heron.

snowy egret, reddish egret, and con

mon egret. As the reddish egret dashe

about the shoal, it stops, peers at th

shallow water, and prepares to strik.

at its prey. In its erratic movements

however, it has come too close to ;

nearby common egret, which turns aiK

extends its head and bill in a threaten

ing gesture. The reddish egret flies uj

and lands several yards away withou

threatening in response. Near the red

dish egret's landing spot is a snow;

egret, foot-stirring; it looks up as thi

reddish egret lands, then turns am
flies toward the edge of the red man
groves. A green heron, seeing the ap

proach of the snowy egret, walk

rapidly away from the egret's intendee

landing site, avoiding even a brief con

flict over the foraging area.

All birds resume feeding and quie

follows for five minutes, each specie;

engaged in its own activities. Thi

from its nest in the interior of a nearbj

key, a great white heron takes fligh

and sweeps the shoals clean by flyinj

once over the feeding area, uttering

harsh "frawnk" while in flight. Thf

other herons fly up and away from it:

flight path; the great white heror

lands, shakes out its wings, then wades

rapidly toward the deeper waters. Ir

a matter of moments the other species

land on the shoal and they commence
feeding once more.

GREAT white herons demonstrate
" their dominant status again when

the common egret comes too close

during foraging activities; a briel

turning of the head on the part of a

great white suffices to intimidate the

common egret, which withdraws with-

out a conflict to an unoccupied part ol

the shoal. The function of such rela

tionships is clear; each species "knows

its place" in the hierarchy and conflict

is avoided by unobtrusive withdrawal

This saves valuable foraging time.

The story does not terminate witli

description and speculation, for idea:

must be tested and new facts must con

stantly be gathered to further our cur

rent meager understanding of complex

interspecies relationships. The ama
teur ornithologist who explores heron

feeding behavior may well contribute

to scientific knowledge by means of

his own observations and thoughts.

Heron feeding evolution in "disturb

and chase" category begins with little

blue heron's "wing-flicking," ending in

African black heron's "canopy feeding."
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CELESTIAL EVEN

A list of astronomical occurrences for the second half of 1962

By K. L Franklin

JULY
July 4: On this date the earth is at its farthest point

from the sun for 1962—94.5 million miles.

July 17: About 3:30 a.m., PDT, the moon enters the

penumbra of the earth's shadow. The time of greatest

eclipse will occur nearly one and a half hours later, and
the entire event will be over by 6:30 a.m. In the north-

eastern part of the United States, the moon will have set

before this eclipse begins, and the moon will set before the

eclipse ends in other parts of the country.

July 18: From 6:00 a.m., PDT, westerners should watch

for the occultation of Saturn by the moon. A telescope or

binocular will help observation in the morning light.

July 31: At 5:26 a.m., EDT, residents of Florida can

see the beginning partial phases of an annular eclipse of

the sun. An annular eclipse occurs when the moon is so far

from the earth that it appears to be smaller in the sky than

the sun. When an eclipse occurs at this time, the "leftover"

sun is seen as an annulus, or ring, around the moon. The
path across the earth from which one could observe this

event starts in the Amazon jungles, crosses the Atlantic

Ocean to Africa, and ends in the Indian Ocean just off the

northern coast of the Malagasy Republic. An eclipse of this

type has limited astronomical significance.

6o

Saturn appears due south in the sky at midnight. Re

sembling a star of magnitude +0.4, the ringed planet ii

said to be in opposition with respect to the sun.

AUGUST
August 10-17: The mid-part of August is the time foi

the annual display of the meteor shower that appears t(

come from the constellation of Perseus. If the morninj

hours of August 12 were dark and clear, a single observe!

would be able to see about 50 meteors an hour. This rate

will be severely cut, however, because the light from th(

nearly full moon will interfere with the numerous fainin

meteors and will make even the bright ones hard to see

August 15: The third penumbral eclipse of the moor*

this year will not be visible in North America.

August 30: This evening, observers in the Midwest anc

the Rocky Mountains can see a very close approach oi L

Venus to Spica, the brightest star in Virgo. Shortly aftel 'I

10:00 P.m., EDT, the planet (magnitude -3.9) will be

about one minute of arc south of the star (magnitude

+ 1.2). In the Far West, sharp-eyed observers with tela'

scopes may watch this event even before sunset.

August 31: Jupiter is opposite the sun, rising at sunset,

appearing due south at midnight, and setting at dawn.
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Viewer on moon at numbered positions

in penumbra, left, would see the sun
as in the sequence of images at right.

w
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SEPTEMBER
Sei'TEMber 10: Saturn is again occulted by the moon,

eginning on the West Coast about 6:30 P.M., PDT. As

le moon's shadow sweeps eastward, the local beginnings

ccur later and later, until the time is after 10:45 P.M.,

DT, in the northeastern United States and Canada.

September 23: This morning, at 8:35 a.m., EDT, spring

egins in the Southern Hemisphere. Fall begins in the

'orthern Hemisphere at the same time.

OCTOBER
October 8: Venus attains its greatest brilliancy in the

I'ening sky this year: —4.3 magnitude.

October 13: The moon is full and at perigee (closest

> the earth) within a 10-hour period this morning. This

ombination in such a short interval of time will result in

n unusual range of tides along the seashores.

October 22: Before dawn the planet Mercury is low in

le eastern sky and favorably placed for observation, seem-

ig to be a star of —0.4 magnitude.

October 28: For many parts of the United States, 2:00

.M. Daylight Time will become 1 :00 A.M. Standard Time,

'he clock-setting formula is: Spring ahead; fall back.

NOVEMBER
No noteworthy celestial events occur during this month.

Dr. Franklin of The American Museum-Hayden
Planetarium prepares this summary each six months.

Three penumbral eclipses of the moon mark 1962.

Of little astronomical value, this type of eclipse is quite

unspectacular and often goes unnoticed. A total eclipse

of the moon results when the moon passes into the deep

shadow, or umbra, of the earth. H viewed from the moon,

the sun would seem to disappear behind the earth, which

would look four times larger than the sun. A partial eclipse

of the moon occurs when part of the moon is in the umbra

and part is in the near shadow—the penumbra. Viewed

from the moon, the sun would be wholly or partially hid-

den, depending on the observer's selenographic location.

A penumbral eclipse results when the moon is wholly in

the penumbra, and the umbra does not touch the moon at

all. Thus, as shown above, the sun would never be wholly

obscured from any part of the moon turned toward it.

DECEMBER
December 10-16: The light of the nearly full moon

again interferes with attempts to view the second impor-

tant meteor shower noted in this report—the Geminids. A
single observer may record 50 meteors per hour in ideal

conditions, and an occasional brilliant fireball will be seen.

December 19: This morning Venus is at its brightest

in the morning sky, resembling a brilliant star of magni-

tude —4.4, and rising about two hours before dawn.

December 22: Winter begins in the Northern Hemi-

sphere at 3:15 a.m., EST. The sun has reached its most

southerly position as the summer begins "down under."

6i
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Desert formations at 12,900 feet in

Antofagasta Province tower over a man
and pack animals, left. Smoke and ash

erupt, above, from the Lascar Volcano.

A Range of

Contrast
Rare life-forms flourish at high altitudes

By Luis M. Pena

TiiF, Cordillera, or mountain

range, of the Andes, which forms

the backbone"' of the South Ameri-

can continent, contains the highest

mountains in the Americas. Its slopes,

valleys, and deserts are inhabited by

manv unusual insects, birds, and

plants, some only recently described.

One of its most precipitous and least-

explored regions lies between the

22nd and 23rd parallels. In this zone

the mountains include two principal

ranges : the Cordillera of Domeyko on

the west, called the "pre-cordilleran

Andes, and the areat mountain range

along the Chile-Argentina border. On

the coast of this area is the city of

Antofagasta in the province of the

same name. From here a scientific

party of which I was a member crossed

the desert and went into the Andes.

The coastal mountains in Antofa-

gasta Province rise abruptly out of

the Pacific Ocean, giving a fiordlike

appearance to the land's edge. They

ascend over 3,000 feet, providing nest-

ing places for various species of ma-

rine birds whose guano yields phos-

phate for farm fertilizer. Among the

birds that nest here are the piqueros
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Rocky soil at 12,000 feet in Andes
supports plants like this Moschopsis.

(Sula variegala) , the Peruvian booby

or gannet, which nests in colonies of

thousands on the projections of the

precipices. Perennial vegetation con-

sisting of cacti and other shrubs covers

the crests of the mountains, deriving

moisture from the mists that gather

there. When rain falls on the slopes—

a rare event occurring only once in a

decade or two—the desert below is

transformed into a temporary feeding

area for herds of guanacos.

We traveled eastward through the

Atacama Desert—one of the world's

most arid regions—aglow with color.

but where rain never falls, where the

soil is nitrous, and where few living

things are seen. It climbs in a smooth
gradient to an altitude of 9,000 feet,

and there meets the Cordillera of

Domeyko, a spur of the Andes.

DURING the winter snow falls, and
during the summer it rains in

this section of the pre-cordilleran

Andes, permitting the growth of a

sparse perennial vegetation, which in-

cludes species of cactus of the genus

Opuntia and other species that are

virtually unknown to botanists. The
variety of vegetation here is astonish-

ing after the December and January

rainy season : the plains are covered

with flowers over which hover butter-

flies, some only recently described, as,

for example, the Hypsochila wagen-

knechti suljurodice Ureta. The most

dominant of the insects are those of

the Tenebrionidae (darkling beetles),

characteristic of arid regions.

The Domeyko Range is the western

boundary of the great salt plain of

Atacama. Sheer rock walls form nar-

row passes that lead onto the plain,

where strange, glacier-shaped saline

formations extend far into the dis-

tance. Some of the formations are

blackened by soil that has been carried

to the plain from the northwest by

storm winds. In the midst of the sa "j"

fields are lakes that support flamingo|
^ j

ducks, avocets, and other birds. ' *
Crossing the plain to its easter'

edge, we came at last to the base c

the Cordillera of the Andes, the domfc
nant spine in a mountain system thavf

extends over 4,000 miles along thie

west coast of South America. Hertu

at 8,500 feet, volcanoes—some of thena

active—form a backdrop for the salji

plain. One is the Lascar Volcano

19.652 feet high, a spur of which w^

set out to climb. In the distance w 3

could see the Altiplano region, whic];(

is formed near the junction of Chile iv

Bolivia, and Argentina by the widen

^

ing of the Andean system and is en
1

closed between two main ranges—thi 1-

volcanic Western Cordillera and thil

Eastern Cordillera.
5

Following the strands of the erodeCi

Cordillera, we encountered the area's,

last inhabitants—Indians who subsisl,

by cultivating wheat, corn, and othei|.

foods, and who breed llamas on thf,

little flatland pastures. Here we had)

entered the puna, a zone rising from,

10,000 to 13,000 feet, characterized b}

extreme temperatures and vividly as-

sociated with altitude sickness. The

term puna refers both to the region

and to the headaches and nausea ex-

perienced by many persons who climb

Road is the only sign of man's presence in the Atacama
Desert in Chile, where lack of rainfall and nitrous soil
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Cliik-an enloniologist and authority

\ndean biota, Sr. Pena is field

.ociate at Yale's Peahody Museum.

lis altitude. In some the reaction

vera enouf^h to force their return

lie lower levels.

lur party arrived in the puna in

ijlary. The rains had begun, and

ms of water ran in canals of com-

vegetation formed of the spiny

Oxychloe andina. Underneath

s submerged in gullies, we found

(joptera of the family Elmidae,

y Plecoptera I stoneflies )
, and

lie naiads of Ephemeroptera ( may-

I

) . The soil in this area is composed

jolcanic sand. The dominant plant

ihe tola (Baccharis tola), which

; the name tolar to the extensive

I

and arid hills. On its stems we

found a rare species of long-

led beetle, some weevils, and some

l-unidentified larvae. Under rocks

iiedded among the tola were ground

:les, road beetles, weevils, and

IV species of darkling beetles that

ie unknown to us.

limbing still higher through this

on of rolling hills, we traveled

th toward an area characterized by

a hardy yellow grass of the

us Stipa. Here, too, are butterflies

(if the family Satyridae, such as

Faunula eleates Weymer, and some un-

known species, possibly of the genus

Argyrophorous, to judge by the spots

of silver on the upper surfaces of their

brown wings. We succeeded in cap-

turing some speciinens, an exhausting

task at such altitudes. Lycaenidae, or

gossainer-winged butterflies also hov-

ered among the rocks, many of which

were covered by a hard, compact, al-

most mosslike plant, known as Larelia

compacta. It is composed of hundreds

of tiny rosettes, and when in bloom

is visited by various insects, notably

bee flies (Bombyliidael

.

The particular spur of the Lascar

Volcano that we were climbing opened

into a pass with a view of surrounding

volcanoes, among them the Hecar, the

Laguna Verde, the Tumiza and the

cone of Paniri. We stood higher than

1.5,000 feet in an area of high-velocity

winds and scant vegetation.

HERE small blue butterflies were

battered by the wind. Some man-

aged to fly, but others hugged the

ground with wings outspread to avoid

Ijeing blown away. We also saw white

butterflies (Piercolias) as well as a

tiny ash-yellow butterfly (Pyrgus bar-

rosi Ureta ) . But we were most inter-

ested in a Pieridae (Hypsochila pehai

Sharp spines on leaves distinguish

alpine plants of the family Loasaceae.

Ureta I , one of the strangest of the

Andean butterflies, in that it lives at

extreme altitudes. It is white with

mother-of-pearl spots, and visits one

of the few large-flowered annual plants

in these regions, the Perezia atacamen-

sis, where its larva probably develops.

In the distance lay the salt depres-

sion where flamingos breed. Multi-

colored lakes dotted the plains that

sloped toward Argentina. Behind us

lay the desert. This view from the

pass allowed us to encompass, at least

in part, the awesome vastness and

the astonishing diversity of the Andes.

AMAS ARE BREii l)y Indians ulii) live in the puna region

the Andes. Animals are in scrub area overlooking the

great salt plain of Ataeaina. bounded on the west liy the

Cordillera of Domeyko and on the east by the Andes Range.
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WASHINGTON NEWSLETTEF
By Paul Mason Tilden

IN
June, 1958, the 85th Congress pas-

seii Senate bill 846, an act to create a

study group now known as the Outdoor
Recreation Resources Review Commis-
sion. The task charged to the commis-

sion was a formidable one. It was, in

the words of the enabling act, "to in-

ventory and evaluate the outdoor recre-

ation resources and opportunities of the

nation . .
." both present and future.

What, Congress asked the commission

to learn, are the recreational needs and
means in America today? What will they

be in 1976? What in the year 2000 when,

the graphs say, we shall be 360 millions?

In accordance with Congressional in-

structions, the commission—a distin-

guished group of eight Congressmen and
seven citizens "known to be informed"'

in the fields of preservation and outdoor

recreation—presented its answers on

the last day of January, 1962. The sum-

mary of the commission's work is now
available in a 246-page, illustrated pub-

lication entitled Outdoor Recreation for

America. It may be obtained for $2.00,

postpaid, from the Superintendent of

Documents, Government Printing Office,

Washington 25, D.C.

In the space available here, it is pos-

sible only to point to those findings of

the commission that seem crucial, and

to offer brief comment on the recom-

mendations. Of prime importance in

future outdoor recreation planning, it

would seem, is the report's developed

fact that by the year 2000 some three-

quarters of the nation's people will live

in urban centers where land-use com-

petition is keenest; where recreation

needs are greatest; and where recrea-

tional opportunities are the farthest re-

moved. It seems implied here that future

land-use projects—highway construc-

tion, water resources development with

its dams and reservoirs, and the like —
must be planned with an eye toward

recreational needs. Maximum utilization

would seem to be the key phrase.

A second important point developed

by the report is the problem of evaluat-

linc

ing a non-commodity such as recreatioi
;,

What is a Sunday picnic with the famil

or a trip to the Grand Canyon reall

worth? In searching for an answer t

questions like these, the commissio iilioi

found little useful information froi ireaii

which it could draw, but if the need fo

outdoor recreation is to be made con
petitive with tangibles like superhigh

ways and city water supplies, some solii

research seems to be indicated.

THE recommendations of the stud

were, in essence: the promulgatioi

and implementation of a national outdoo;

recreation policy; the adoption by out

door recreation agencies of a land classi

fication system to insure the best use o

recreational resources; long-range plan

ning at both Federal and state levels foi

future recreational needs; establishmen

of a Bureau of Outdoor Recreation ir

the Department of the Interior to co

ordinate Federal and state recreationa

programs; and a Federal grants-in-aid

program to help the states meet heavy

recreational demands.
As a general observation, it might be

said that most of the facts presented in

the report are not new ones. It would
seem to me that the main strength of the

report lies in its gathering together and
sifting a vast welter of material

reducing it into an orderly foundation

for legislation in the field of parks, pres-

ervations, and mass outdoor recreation.

ict

The President and Conservation
{

HARD on the heels of the ORRRC re-

port came a presidential message

to Congress presenting the administra-

tion's views both as to needed legisla-

tion and as to contemplated executive
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ions in the l)r(ia(] (\M of coriscivation.

'resident Kennedy anndunced that at

et-unspeci(ied tinte during 1962 he

lid convene a Wliite House Confer-

e on Conservation, at which time

servationists would be invited to ex-

nge views with the administration on

ded future eflorts in the field. In re-

el to outdoor recreation and the na-

lal need for additional parklands and

en spaces, the President drew lieavily

m the recommendations of the Out-

ir Recreation Resources Review Com-

iSion; as foreseen above, he used its

ort as the basis for some proposed

lire legislation.

n actions possible at the executive

1, Mr. Kennedy promised the ap-

ntment of an Outdoor Recreation Ad-

)ry Council from among the chiefs

the numerous Federal agencies that

, by virtue of jurisdiction over pub-

lands, more or less involved in the

door recreation business. Also fore-

dowed by the President was the

ation of the ORRRC"s recommended

reau of Outdoor Recreation in the De-

tment of the Interior, to function as

co-ordinating and "action" agency

the implementation of governmental

door recreation policies.

Vt the Congressional level, the Pres-

nt served notice that the administra-

would press for legislation estab-

ling a program of matching grants

state outdoor recreational programs;

o urged was amendment of the pres-

Federal surplus property disposal

, to allow state and local govern-

nts better terms in acquiring Federal

lids for park and recreation purposes.

Particularly important to conserva-

tnists was the President's request for

Idslation to establish a "Land Con-

svation Fund," which might serve as a

fancial reservoir against which funds

r lid be drawn for immediate land ac-

i>ili(in as new parks or recreation

a> were authorized by the Congress.

ill a ready fund, conservationists felt,

\ u\d be instrumental in nailing down
. -irahle parklands while acquisition

Kts were reasonable, avoiding the lag

1 1 ween authorization and actual land

; |ui<ition and its accompanying specu-

I ive land development. As seen by the

li>i(lcnt. the Fund would be brought

I iiiimediate life through a Congres-

iial advance of a half-billion dollars

I
> able over the next eight years; the

j'liul would later repay the Treasury

,d continue to function through receipt

> iccroational area entrance, or user

? (like those presently collected in a

v units of the national park system I

d iluough income from several rela-

fly minor tax sources.

The President noted heartening prog-

-s in the struggle against the pollu-

n that has so disgraced the nation's

earns and waterways, and he again

edsed the administration to "full de-

vclopniciit" of the national water re-

source "lor all purposes." (In the phrase

'full develojiment." some conservation-

ists felt, lay the seeds of future con-

tention between the "preservation" and

"conservation" factions of the over-all

conservation camp: to some, the words

jiresaged more bitter fights like that of

the Echo Park Dam in Dinosaur Na-

tional Monument, or the current struggle

over protection of Rainbow Bridge Mon-

ument; each was triggered by threat of

national parklands invasion by dams or

reservoir waters.)

Mr. Kennedy urged Congress to pass

his Water Resources Planning Act, in-

troduced for him in the Senate by

Clinton P. Anderson of New Mexico dur-

ing the first session of the 87th Congress.

This act would authorize Federal assist-

ance to states for water resource plan-

ning and establish a Water Resources

Council to co-ordinate river basin plan-

ning and development within govern-

mental agencies. He also touched briefly

on the need for technological research

and sound planning in the fields of

mineral and timber resources; in respect

to the latter, he indicated he would ask

for legislation accelerating development

of multiple-use forest trails and roads.

Struggle at Kinzua

Along and rather obscure struggle in

which conservationists have been

able to contribute little but sympathy

for the underdog has been that between

the U.S. Army Corps of Engineers and

the Seneca Nation of Indians.

Back in 1938. Congress authorized a

flood control scheme for the Ohio River

Basin; one unit of the scheme was a dam
and reservoir on the Allegheny River

at Kinzua, not far from the New York

state line in northwestern Pennsylvania.

Although construction has been long

delayed, within recent months the Corps

has started to move earth on the project.

A substantial percentage of the lands

to be inundated by the 23.000-acre Kin-

zua Reservoir, however, is the property

of the Seneca Indians—land guaranteed

to them by the Pickering treaty of 1794.

(Timothy Pickering was George Wash-

ington's deputy in the negotiations.)

The Senecas quite understandably do

not want to leave either their ancestral

lands or their farms.

Several incentives have been offered

to the Senecas by the Government in an

attempt to smooth the matter — money

from land condemnation proceedings,

and aid in finding lands on which to re-

locate. The Indians indicate they want
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neither. "The land is your mother," they

say. "You do not sell your mother."

The Senecas have hired engineering

talent to work out alternative flood con-

trol schemes, but these have been re-

jected by the Corps for one reason or

another. They have instituted court

actions, including an appeal to the

Supreme Court, but to no avail. They

have appealed to the President, but the

President has declined to act in the mat-

ter. Barring a miracle, Timothy Picker-

ing's treaty with the Senecas will be

buried in the earth and concrete of the

Kinzua Dam. Conservationists are sorry;

the Senecas are sorry; everyone seems

sorry; but the bulldozers continue to

grunt and shove. The dam is scheduled

for completion in 1965.

Golden Eagle Protection

ACCOUNTS of uncontrolled slaughter

of the golden eagle that have ap-

peared in the public press during the

past several years have apparently

caught the attention of many Americans

both in and out of conservation circles.

Ornithologists have expressed the view

that the golden eagle cannot last indefin-

itely in this country under the massed

guns of eagle hunters, who have actually

taken to the air in their pursuit of the

big bird. Bird students have also pointed

out the strong probability that many
bald eagles, presently protected by law,

have been killed by mistake, since for

the first three years of the bald eagle's

life it is almost indistinguishable in ap-

pearance from the mature golden eagle.

In some of the Southwestern states,

notably in Texas, airborne hunters col-

lect a bounty from ranchers for killing

the birds, then sell the feathers to the

Indian artifacts industry for making "In-

dian headdresses" for the tourist trade.

Public indignation over the slaughter

of the golden eagle, whose only weak-

ness apparently is an occasional hanker-

ing for spring lamb, has made itself

felt in Congress. In the upper chamber,

Senator Yarborough of Texas has intro-

duced legislation—for himself and three

other Senators—for complete protection

of the golden eagle, while in the House
four separate resolutions of similar tenor

have appeared. Of these latter, the reso-

lution introduced by Representative

Conte of Massachusetts has been the

most active, having been called up for

hearings by an appropriate subcommit-

tee during February of 1962. The sub-

stance of all the proposals: to amend the

language of an act passed in 1940 for

protection of the bald eagle to include

the golden eagle within its scope.

Hunting in the Parks

ONE of the worrisome problems that

the National Park Service has had

to deal with in the past several years con-

cerns the management of wildlife in the

parks and monuments where the wild-

life, especially the ungulates, has over-

reached the carrying capacity of its

range and has upset the natural picture

that the Service is charged with present-

ing to the public. Contributing to the

problem has been the virtual extinction,

in most great parks and monuments, of

the natural predator population.

The need for eliminating surplu!

mammals has always been difficult t(l

explain to much of the park-going publ

lie, and the picture has been even furthe)^

blurred during the recent past by stroni

pressure from state fish and game com
missions and hunter organizations foi

public participation in mammal redue

tion programs. It has been urged, rathei

transparently, that hunters should be

lowed to help "harvest" surplus animals L
—indeed, it has even been suggested thaljl

hunters have a duty in this direction.

Most conservationists and many sci-

entists have roundly opposed the open-

ing of the parks to public hunting under

any guise. During the latter part of 1961.

National Park Service Director Conrad
L. Wirth issued a Service statement of

policy that in effect thanked the fish and

game commissions and the hunters for

their great interest in the mammal popu
lation control problem, but respectfully

declined the proffered,^ assistance. "Rec-

reational hunting, however well justified

and appropriate in other places," said

Director Wirth, "is irreconcilable to na-

tional park and national monument pur-

poses." With this, most conservationists

heartily agreed. They knew, however,

that the Director's forthright words
might not be the last heard on the sub-

ject. This was a policy statement that

needed confirmation or rejection by the

Secretary of the Interior. Six months
after the policy was set forth by Director

Wirth, Secretary Stewart L. Udal] had
given no indication of his feelings in the

matter. Conservationists are still worried.

Erratum : The May issne of this magazine
contained a typographical error in the

chart of elements on page 36. The half-

life of carbon-14 is 5,600 years, not
the 5,600 million years that was shown.
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a fascinating hobby. 896 pp. $9.25.

Write for brochure.

ROW, PETERSON and COMPANY
Dept. T Evanston, Illinois

THE A. I. ROOT CO. MEDINA, OHIO

SEND INQUIRY TO DEPT, N
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ET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE-UP

See the Stars Moon Planets Close Up!

ASTRONOMICAL REFLECTING TELESCOPE

Terrific Buy! Amerieon Made!
^ OPAQUE PROJECTOR

ST,\R CHART plus

HAM>1!00K OF HEAVENS" plus •'HOW TO
-I, MM K IKLKSC Ol'i:' BOOK
lock No. 85.(150-E S2a.95 Postnaid

4' a" Astronomical Reflector Telescope!
',-, I'nwcr New Vihratkm-Free Metal Pedestal llnuiit.

itock No. 85.103-E »9. 50 F.O.B.

fISH' WITH A MAGNET

JO Treasure Hunting On The Botti

NEW . . . PORTABLE ELECTRIC GREENHOUSE

FOR YEAR-ROUND GARDENING MAGIC

icai Fastiuatins tun
meiidously protltable
-11». Magnet—drop

and

overboard
Troll it alone the botloni—

niir ireasure" haul can be outboard
linrs llsliing tackle, all kinds of met:

111. Masiiet Is nar surplus—Alnico V Typi

atKain. Lifts over 125 lbs. On land

nder v\ater. Order now and tr>' thi

Itock No. 7C.I83E 5-lb Magnet i9.9i Poitnild

MINIATURE WATER PUMP

t'niinlains. 110 gage railroad backdrops,
in ij^s" X 1%") electric motor and pump
Sir liiilibylsts. labs, schools. Pumps con-
- Him of water at rate of one pint per

al a 1-2" head. With 2 D Batteries In

sffio, Kill piiiiiii li) -f" high. Runs 48 hrs. on balter>

WurKs In eiliiiT dire. lion, .'iclf-primirig.

Stock No. 50.345- E 82.25 Postpaid

MAGNASTIKS-FASC1NATINC WAY TO
BUILD YOUR "DREAM CASTLES"

r.uild .iriMliin;: frn[ii .\ In z with these
io.i-ri,>li/,'.l. Ii.dd-n-l lii.-ies. Inllnlte ra-
riclv of ol>jcits. animals, forms possible.

Set contains four I'i" x 1-1/10" mas-

SCIENCE TREASURE CHESTS
For Boys — Girls — Adults!

ue Treasure Chest — Extra-powerful
polarizing Hlters. compass, one-
r nini. prism, diffraction grating.
'' 'i'ti T Items for hundreds of
11. r.ni.nts, plus a Ten-I.ens Kit

-: I'N-iopes. microscopes, etc.

Visit and See the Famous

EDMUND RAINBOW SHOWPLACE
SEATTLE WORLD'S FAIR

April 21 to October 21

BIRDWATCHERS SEE WITHOUT
BEING SEEN

1 fascinating, but their (

usefulness. .Now Eduiui
duplicated in a sturdy pla
ion of their cost. Actuall'
ut down light transmission 70%

compared to 50% or less for the [

they are touch more useful. For example: .you can

bird feeding station on the sunny side of your bon

to a window. Fasten a piece of this Qlm to the wind
you'll bo able to watch the birds from a few Inchei

Stock No. 70.326-E a sheet 21" « 36" S3.00 Post

th potential. Size 15" I IS".

iiitli styru-loam base. 25-watt heater and thermostat. 2

pulvstyrene planter trays, clear styrene lid. 2 sizes avail,

ca. iiHl. hag of growing medium.

Stock No. 70.4gO*E—Low-lidded model,
7" high $14.95. Pstpd

Stock No. 70.491-E— High-lidded model,
15" high S2I.95 Pstpd.

NEW BINOCULAR-TO-CAMERA HOLDER
For Exciting Telephoto Pictures

nearer with a 35mtD. ci

7x50 binocular and our
Bl.NOCl LAU TO -

ERA HOI.UER. Ideal foi

range shots of wil.l life.

Itirds. nests, etc. Camel
binoculars attach easily

• movie. Take color or black and
Full lirections for making telephoto's.

Stock No. 70.223.E $11.50 PC

AGES-OLD FOSSIL COLLECTIONS
ars old: 3 full

30 fantastic p
—all for $3.7;
SET: DInosai

wood, bryozo;

1 fossils
EARTH SCIE.NTIST
bone, crinoid stem,

irm tubes, petrifled

sliell.

lall fossil. CAR^^O^^FEllOUS
SET: Brachlpod. worm hurl, crinoid

stem, riisiiliiie. horn coral, bryozoan. snail and clam.
CRKTACKOt S SET: Brachlpoil. oyster, sea urchin, perti-
fled woiid. etc. All three sets for one low price'

Stock No. 50.344-E $3.75 Postpaid

Special Reduced Price for '62'

LIFE SIZE VISIBLE HUMAN HEAD
Precise, full color, take-apart model ~ .^ '

Sliidy the most complex organ easily, inei "^ ^
pensively. Ideal for student, hobbyist, profes ij^kjilB*
sionai. Vou will be amazed at the detail
Molded from actual human skull. Eyes, ears
and teeth easily removed and disassembled for

1^¥

ineilical handbook it

Stock No. 70.447- E S8 95 Postpaid
OTHER VISIBLE TAKE-APART MODELS

Stock No. 70.470-E Heart S3.00 Pstpd

BUILD A SOLAR ENERGY FURNACE
A fascinallna new field. Build your own Solar
Furnace for experimentation—many practical

Easy! Inexpensive! Use scrap-wood! We
actions. This sun powered furnace
.> terriflc heat—2000° to 3000°.

Fuses enamel to metal. Sets paper aflame in seconds. Fso
our Fresnci Lens—H" diameter . . . f.l. 14 =

.

Stock No. 70. 130-E. Fresnel Lens $6.00 Postpaid
U" S(l Fn-iu-l Lins. F.L. VJ"
Slock No. 70.533-E $4.75 Postpaid

Exciting Ne Low-Cost MOON MODEL

An Outer-Space

Conversation Piece
, ! I ;,: 1 i(. ri-licl. with 30.000

,ii! , f r -ludy—peaks, cra-

/-- J^,., THE WORLD

-J;jfVi(('-.«'^V«^ OF DINOSAURS

ONE HUNDRED MILLION YEARS AGO

plastic. Collectii

i that ruled the earth
alistic models molded
Includes the bronto-

New! 2 in I Combination.' Pocket-Size

SO POWER MICROSCOPE
and 10 POWER TELESCOPE

Useful Telescope and Microscope combln

ported: No larger than a fountain c

Telescope is 10 Power. Microscope mas
ties 50 Times. Sharp focus at any ran

Handy for sports, looking at small ohje

Order Stock No. 30.059-E $4.50 o

WAR SURPLUS! American-Mode

7x50 BINOCULARS

optical element Is coated. An

Stock No. 1544-E
X 30 Binoculars-SI

Stock No <I63-E

l.oni

Inrhidea
My cost 5274.50. Our
ley.

only $74.80 pstpil. (ti

ir to above and a lerr

$33.00 pstpd. (T,

n

stock No

CRYSTAL GROWING KIT

anlde (red), and

S9.50 Postpaid

STEREO MICROSCOPE-TERRIFIC BUY
23 ond 40 Power!

Up to 3" working distance. Erect image—wide M
3-dlmensional field. Helical rack and pinion fo-
cusing. So good we offer 10-DAY TRIAL...

c

pictc satisfaction or Jour money back. Onler—
stock No. 85,056-E. Full price $99.50

FO.B- Barrinston. N. .1

ORD£R BY STOCK NUMBtR . SIND CHICK OH MONEY ORDtR . SATISfACTION GUAkANTttDI _EDMUND SCIENTIFIC CO.f barrington.
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It takes only $12.50 down to own this 2.4-inch UNITRON
Little wonder that the UNITRON 2.4" Altazimuth Re-

fractor has long been America's most popular low-priced

refractor.

For UNITRON and only UNITRON combines unexcelled

optical and mechanical performance with exclusive fea-

tures designed to increase your observing pleasure. As

an example, take UNIMEX—the Rotary Eyepiece Selector

which relieves you of the burden of fumbling with eye-

pieces in the dark. Or, perhaps your observing situation

may call for the DUETRON Double Eyepiece, the erecting

prism system, the Astro-camera 220, or the sun screen.

Optically speaking, UNITRON Refractors duplicate the

performance of larger telescopes of other types. Further-

more, there are no mirror surfaces to become tarnished,

no secondary optics to cause diffraction patterns, and no

folding of the light back on Itself with consequent loss ol

definition. It is not surprising that you see more and see

better with a UNITRON.

The UNITRON 2.4" Altazimuth Refractor is priced al

only $125 complete with tripod, sturdy mounting with

micrometric slow-motion controls, four eyepieces, carrying

case, and accessories including the new Achromatic Am-
plifier. Using our Easy Payment Plan, a mere 10% down
payment of only $12.50 brings this UNITRON to you.

Write today for a free UNITRON catalog and observer's

guide. With interest in astronomy at an all-time high,

now is the time to treat yourself to a UNITRON. After

all, you deserve the very best.

UN/TP^ON INSTRUMENT COMPANY — TELESCOPE SALES DIV.

66 NEEDHAM STREET, NEWTON HIGHLANDS 61, MASS.
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Johnny isn't watching the late show tonight

The shadows that shiver and shake on the TV screen are shivering and shaking in

somebody else's living room tonight. Johnny has discovered something new.
He's traded the fleeting, flickering "thrills" of the 24 inch screen for the

timeless excitement and majesty of the night sky.

He's traded the nervous rattle of the private eye's gun for a ringside seat at
the stupendous nightly fireworks in the heavens.

He has, in short, discovered astronomy.
Nothing better could happen than what happened to Johnny. And it happened simply

because someone took the trouble to awaken, nourish and satisfy a lifetime of curiosity
in Johnny by making him the gift of a fine telescope.

Someone, not so long ago, gave Johnny a Unitron.

Send for Unitron

Observer's Guide

, free, 50-page
and Catalog 21-E UNlTt^ON

Johnny abandoned his 24" screen

for this 2.4" Unitron refractor,

complete with its handy, handsome,
easily portable carrying case.

ONLY $125.00

This is a close-up of the Unlhex

Johnny is using, It's 6 eyepieces

in one. an exclusive with Unitron

One of a complete line of accessories

to multiply your viewing pleasure

INSTRUMENT COMPANY • TELESCOPE SALES DIV.

66 NEEDHAM ST.. NEWTON HIGHLANDS 61. MASS



Belated tribute to an unknown scientist

Vo one knows his name or exactly where he lived.

Best evidence suggests he existed during the Paleo-

ithic period. Which means this tribute is at least

5ome ten to fifteen thousand years overdue.

His lone scientific achievement: he discovered a way
:o start a fire. Undeniably, this was a significant moment
in the history of human progress . . . this moment when
m anonymous savage forgot his natural fears long

enough to ponder, to try, to discover. Per-

haps his discovery w^as merely an accident.

Still, it took curiosity to experiment
further. His reward: new protection from

cold, darkness, wild beasts.

iThough he couldn't realize it, this Stone

Age scientist ignited a flame that changed the world

... a flame that was to spark other discoveries, new
civilizations. It eventually lighted man's way in his

long journey to the golden age of science.

Here at Monsanto, scores of scientists work daily . . .

carrying out basic and applied research in chemistry,

physics and other natural sciences. In a very real sense,

they are intellectual descendants of the

unknown scientist. In another age, they

ponder, try, discover— searching for new
contributions to the welfare of mankind.

Monsanto Chemical Company, St. Louis

66, Missouri.
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COVER: A Portuguese man-of-war, Physalia, trails its tentacles as it floats of

the Florida Keys. The gas sac that supports Physalia may be blue, as shown

or be peacock-green at the base, and it may have a pinkish crest. Sometime!

a man-of-war is found with a milky-white sac instead of a blue one. The gas sa(

itself is movable, and men-of-war have been observed to rock the floats fron;

side to side at regular intervals to keep the membranes wet. Dr. Werner Jacobi

discusses Physalia and other members of the group Siphonophora in the article

that begins on page 22. The photograph on the cover was made by David Linton.

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 York 24,

N. Y. Published monthly, October throueh May; bimonthly June to September. Subscription: 85.00 a year. U
Canada, Newfoundland, and all foreign countries: 85.50. Single copies: S.50. Second class postage paid al

New York, N, Y„ and nt additional offices. Copyright, 1962, by The American Museum of Natural History.

No part of this periodical may be reproduced without the written consent of Natural HlSTony. The
Nature Magazine, registered U.S. Patent Office. Unsolicited manuscripts and Illustrations submitted t.

editorial office will be handled with all possible care, but we cannot assume responsibility for their safety.

The opinions expressed by authors arc their own and do not necessarily reflect The American Museum's policy.



MUSEUM MEMO

By John O'Reilly

rHE American Museum of Natural History takes

deep pride in the possession of the first hall of habitat

roups to be displayed by any museum in the world. In

he last century, the late Dr. Frank M. Chapman, father of

he habitat group, had the idea of presenting birds in a

egment of their environment to give, as he put it, "an

.dequate conception of the nature of the country the birds

nhabit and the conditions under which they live."

Between 1898 and 1910, expeditions were sent out to

collect material for thirty habitat groups that were incor-

lorated into the Hall of North American Birds. The groups

vere arranged around a balcony that looked down on

xamples of the Museum's first bird displays—hundreds

jf cases in which specimens stood like rows of toy soldiers.

Recently, when it came time to renovate the hall, it was

ound that more than two-thirds of these original groups,

dl of which are more than fifty years old. could be retained

.vith only a general cleaning and face lifting. The other

3ay Dr. Dean Amadon, Chairman
Df the Department of Ornithology,

ook me on a tour of work in prog-

ress to show how Museum prepara-

tors do a job of scientific house

cleaning. We were joined by George

E. Petersen, technical supervisor

in the Exhibition Department.

Dr. Chapman had planned well

for an enduring exhibit, selecting

large birds such as the California

condor and the pelican, which are

less fragile than small birds such as

jWarblers or sparrows. Dr. Amadon
Isaid that in many of the groups it

was necessary only to remove the

birds, give them a thorough cleaning, touch up the back-

grounds, fumigate the interior, and close up the cases again.

All groups must be disinfected to prevent the ravages of tiny

beetles and other vermin that share man's environment.

Pausing before the refurbished duck hawk group. Dr.

Amadon said, "You'd think that bird was mounted yester-

day." Old wax leaves, some of which had curled, were

removed from groups that contained leafy plants and were

replaced with plastic leaves that are lighter, more trans-

lucent, and can be attached to natural terminal branches,

which are preserved with glycerine and formaldehyde.

New sand was sent from Arizona for the desert group,

and new cactus plants were carved from balsa w ood to

which natural spines were attached. Even the large cholla

cactus, which was made of wax and is one of the dominating
features in the exhibit, had to be strengthened with iron

rods because of added lights. In the old days they illumi-

nated the groups with incandescent bulbs. Today they have

found that a mixture of fluorescent and incandescent lights

gives an effect that is considerably more natural.

As we moved from group to group the two men described

what was necessary to put them in good shape. In the white

pelican group the birds first were cleaned. They were then

given a few new eggs and the background was scrubbed up.

In the Cuthbert Lake setting of the Florida rookery group,

the main problem was with greenery. Over the years the

wax leaves of the mangroves had curled, so molds were
made of a few, and new leaves were fashioned in plastic.

A few of the groups were entirely replaced. One of these

was a beat-up group of brown pelicans that had not stood

the test of time as well as some of the other specimens. In its

place will be a magnificent bald eagle group, depicting a

scene on the Chilkat River, in Alas-

ka, where, in November, as many as

2.000 eagles can be seen along a

ten-mile stretch when the salmon

are dying after spawning. In this

group a young bald eagle w ith a sev-

enty-eight-inch wingspread seems

to be flying right at the visitor.

A thorough job of scientific

house cleaning takes long hours of

meticulous work. The task, which

has gone on for months, is almost

finished, and soon the hall will open.

Visitors are sure to find many
groups of special interest that will

be brighter and more realistic than

when they were created. For example, the fight to save

the remnant of the great race of whooping cranes has caused

international concern in recent years. In the Museum s ex-

hibit, a pair of whoopers are displayed as they once lived

on the Minnesota marshes. Another group shows the rich

bird life that existed on the Hackensack Meadows, across

the Hudson from the Museum. In writing of this group. Dr.

Chapman said: "With the so-called "march of civilization,'

all this wealth of bird and plant life is bound to disap-

pear, to be replaced b\ railwa\s. factories and docks."

Any commuter crossing the polluted and begrimed Hack-

ensack Meadows today can recognize the grim fulfillment of

that prophesy, but Dr. Chapman's group is still w ith us as

a reminder of the natural beauty that once existed there.



Authentic accounts

of hurricanes,

tornadoes, lightning,

earthquakes, floods,

hail, tidal waves,

landslides, meteors,

avalanches, volcanoes,

dust storms

by Ann and Myron Sutton

"Headline-fresh reporting of
ancient and modern cataclysms.

. . . The authors have worked
from reports by eyewitnesses, ex-

perts and, not infrequently, poets

and philosophers to present the

superstitions, mechanics and
causes of some of the most un-

comfortable situations in which
man often finds himself. ... A
personal sharing with a reader of

the latest scientific findings in a

lucid explanation of the power-
ful forces molding the sea and
land. A careful list of do's and
don'ts for survival in a number
of disaster conditions is one of

the best features of the book.
With energy and expense a thor-

ough index has been compiled."
— N. Y. Herald Tribune

"Well-documented ... a vast
variety of information as well as

factual, dramatic 'human inter-

est' stories of disasters and their

victims." — Library Journal

.$6.00 al bookstores or from

I. B. LIPPINCOTT COMPANY
£. Woshlnglon Sq., Philadelphia 5, Pa.

Good Books Since 1792

Reviews
Books help "beachcombers"

play the "shell game"

By Ruth D. Turner

A Field Guide to the Shells of our
Atlantic and Gulf Coasts, by Percy

A. Morris. Houghton Mifflin Co., $4.50;

236 pp. How TO Know the American
Marine Shells, by R. Tucker Abbott.

Signet Key Books, $.75; 222 pp. Carib-

bean Seashells, by Germaine L.

Warmke and R. Tucker Abbott. Living-

ston Publishing Co., $8.95; 346 pp. Sea
Treasure, by Kathleen Yerger John-

stone. Houghton Mifflin Co., $4.00; 242

pp. Shells are Where You Find Them,
by Elizabeth demons. Alfred A. Knopf,

$2.75; 86 pp. Shells, by Roderick Cam-
eron. G. P. Putnam's Sons, $3.95; 128

pp. Sea Shells of Tropical West
America, by A. Myra Keen. Stanford

Univ. Press, $12.50; 624 pp. Panamic-

Pacific Pelecypoda, by Axel A. Olsson.

Paleontological Research Institute,

$15.00; 574 pp. Molluscs, by J. E. Mor-

ton. Harper Torch Book, $1.40; 232 pp.

Shells, because of their beauty of

form and color and their durability,

hold a fascination for people of all types,

and satisfy the innate collecting instinct

in most of us. They have been used

throughout the ages by both primitive

and civilized man for food and adorn-

ment; they have provided motifs in art

and architecture; they are still used as

currency among primitive tribes, such

as those in New Guinea. Collecting shells

and building private collections became

popular as early as 1670. when Buonanni

wrote his book entitled Recreatio Mentis

et Oculi in Observatione Animalium
Testaceorum, and, in 1688, Martin Lister

published his magnificent scientific vol-

umes Historia sive Synopsis Methodica

Conchyliorum. During the days of dis-

covery, when sailors returned to Europe

from far-off places, it was popular to

build up cabinets of natural objects, es-

pecially shells. These collections became

a mark of learning, wealth, and position.

Since that time there have been periods

of great collecting activity and of de-

pression when relatively little was done.

Just what factors were most impor-

tant in producing the current peak of

interest in shells is difficult to say. In

this country, where the enthusiasm is

the greatest, it is probably that collect-

ing is possible in a wide variety of places

through the increase of leisure time, plus

wider air and automobile travel. Caus
and effects are often difficult to separat

Many people have developed an enthf
siasm through reading, and have thJ

gone to the field to collect. In turn, tl

existence of people interested in a pa

ticular area has often created a net

and demand for books on the subjee

Unfortunately, the results are not alwa
good, and a series of fair to poor bool

about mollusks have been selling simp
because they have been the only on
generally available.

Today there are more collectors an

malacologists than have ever existed. 1

the present time there are in the Unite

States twenty-four shell clubs, who;

combined memberships reach into tl

thousands. Many of them hold annu;

shell fairs; even shell auctions, whic
were popular in the 1800's, are agai

being held. A bibliography of the bools

on mollusks published within the pai

twenty years would be amazing in il

size and variety of treatment.

It is true that most amateur shell co

lectors are interested in marine mo
lusks, and most of the books discusse

here are concerned with them. It is als

true that some collectors are unawar
that mollusks live on land and in fres

water; that many have never seen them
and that even fewer have collected their

This is unfortunate, because land an
fresh-water shells can be just as interest

ing as those that live in the sea.

Inexpensive books on local faunas hav

been lacking. Consequently, it is a tru'

pleasure to see two such excellent book
as a Handbook of the Gastropods

Kansas by A. B. Leonard, and Shells o

the Netv York City Area by M. K. Jacob
son and W. K. Emerson published t(

fulfill needs of special collectors. Botl

these books are highly recommended.

The well-known Peterson Field Guid(

Series has produced a book covering

larger geographic area—/i Field Guide

to the Shells of our Atlantic and Gul\

Coasts. This small volume is readilj

carried in the pocket and, because it is

inexpensive, one is not afraid to use il

at the seashore. Identifying material ir

the field, especially when a collector i;

a beginner, adds greatly to the fun and

often increases the number of species

found. If an experienced collector

Ion

itil

itli

\i



t available to go shelling witli the

ophyte. the next best thing is a pocket

lide. and this is one of the finest on the

irket for the area covered. Over 500

mmon western Atlantic species are

scribed and figured, many of them in

lor. Closely related species are gen-

ally grouped on the same plate, and

e brief diagnostic phrases given on

e plate captions are an aid to identifi-

tion. The classification chart, showing

e relationship of the mollusks from

lylum to subspecies, will be helpful

the beginner who lacks a background

biology. The brief glossary of terms

id the notes on how to care for the col-

cted material will also prove useful.

Perhaps the best buy for the beginner

ho has not progressed far enough to

ant to invest even a dollar in shell

oks is the little seventy-five cent paper,

ick. Hon- to Know the American Ma-

ne Shells by R. Tucker Abbott. This is

lother pocket field guide packed with

formation. It deals with the most corn-

on species of both the Atlantic and

acific coasts of the United States and

anada. and has brief descriptions of

Dout 400 species, most of which are

lustrated in black and white or color.

s a concise guide to where, how. and

hat to collect : how to care for a collec-

on : how to form a shell club. It even

eludes a digest of the shellfishery laws

f the various states. The enthusiastic

eginner will soon graduate to the same

uthors previously published American
eashells. a much larger book, which is

ancerned with the same area but covers

lore species in greater detail.

Germaine \^ armke. now Curator of

lollusks at the Institute of Marine Bi-

logy in Mayagiiez, Puerto Rico, became
iterested in shells as a hobby when she

loved to that delightful island. Ameri-

an Seashells was her guide, but she

oon found that there were many species

Puerto Rican waters that were not de-

cribed in easily available literature,

he collected avidly and began making
otes and lists of these additional spe-

ies. The result was a book with empha-
on Puerto Rico. Caribbean Seashells

y G. Warmke and R. T. Abbott. Al-

hough the accounts are not complete,

md the really experienced collector,

amiliar with the area, might find points

o criticize, the book is intended for the

lewcomer to the Caribbean and has

nany helpful hints on how to collect in

he tropics and to ship material home.

There is even a brief Spanish lesson,

iving pertinent words and phrases for

he shell collector. The book has a care-

uUy selected bibliography and forty-

our plates of photographs.

Dr. Turner is a malacologist and a

member of the staff of the Museum
of Comparative Zoology at Harvard.

FOR tile beginner who still dues not

quite understand why people become
so interested in shells, for the husbands

or wives who tolerate the activities of

their "shell-shocked" mates, or for any.

one who wants to enjoy a delightful phi-

losophical approach to the "shell game."

Kathleen Johnstone's Sea Treasure is

recommended. Mrs. Johnstone is an

ardent shell collector with a flair for

writing and an understanding of the im-

portance of the role of the amateur in

this field, and she bridges the gap be-

tween the museum curator and the ama-

teur collector, to the benefit of both.

While discussing the various methods of

cleaning, labeling, and storing shells,

she cleverly interweaves a discussion of

the reasons for collecting, the satisfac-

tion obtained from various types of col-

lections, and the contributions hobbyists

can make to the science of malacology.

This is not a book to be used for the

identification of shells, but the chapters

entitled "Shells Belong to the Animal
Kingdom." "The Animals That Live In-

side Pelecypods." and "The Animals

That Live Inside Gastropods." explain

many of the more interesting facts about

mollusks as living creatures. Although
Mrs. Johnstone is not a biologist, her

account is remarkably accurate. This is

a book to read and enjoy, and is also one

to return to for many helpful hints.

Shells Are IT here You Find Them, by

Elizabeth Clemons, is a book for chil-

dren. Its unusual pen-and-ink illustra-

tions are artistic and for the most part

accurate. The brief and simply written

text, printed in large, readable type, ex-

plains just enough about the kinds of

mollusks and where they can be found

to interest but not to tire a youngster.

The introductory remarks on collecting

and caring for a shell collection are pre-

sented in a way that can be understood

without the aid of an adult, but the whole

family might find themselves joining a

shell search. Only the three major classes

of mollusks—the gastropods, bivalves,

and chitons—are discussed, and about

150 species are pictured.

Roderick Cameron's Shells is an unu-

sual book. The author is obviously in-

terested in shells and shell collections

from the historic viewpoint. He gives a

brief, interesting account of the uses of

shells in art and architecture, and in-

cludes a colored illustration of the fan-

tastic shell pavilion at Goodwood Park.

Sussex. England, which was completed

in 1739. Pictures of Tradescant. Ash-

mole. Dampier. Sloane. Rumphius. and

Linnaeus, and of two early museums ac-

company the story of shell collections

and the development of conchology in

Europe. Many of the books that were

published from the 1600's to the Victo-

rian era are discussed, and many of the

illustrations from these historic works

are reproduced. This section is worth

IN THIS ILLUSTRATED, 337-

PAGE BOOK A LEADING
REPTILE EXPERT UNCOVERS:

The Truth About the

GIANT
SNAKES
HERE at last is an authoritative,

yet eaffily understood, book that

tells the whole fascinating story of

the world's 6 giant snakes ... the Boa
Constrictor . . . Anaconda . . . African
Rock Python . . . Indian Python . . .

Amethystine Python . . . and Reticu-

late Python. THE GIANT SNAKES
separates incredible facta about these

predators from often-ridiculous fables.

• FABLE: Giant snakes always crush
their victims' bones.

• fkCJ: The Anaconda is the largest

snake - up to 35 feet, over 300 lbs.!

• FABLE: The big snakes are faster

than man.

• FACT: A giant snake can swallow a
goat . . , then not eat for months.

[
• FACT: Big snakes have little hearing

vision, yet they employ infrared

Idetection and chemoreception.

Clifford H. Pope describes the world

fof the "reptile kings" ... how they

ffeed, mate, move and shed ... how
i they prey on and defend against ene-

mies. This exciting new volume takes

you deep into the jungles where the
|

cunning and fantastic strength of

these creatures reign supreme . . .

terrorizing other animals and man.'

Authoritative, Fascinating

Here is a book anyone can read and
thoroughly enjoy! Because Clifford

Pope, former Curator of the Division

of Amphibians and Reptiles at Chi-

cago Natural History Museum and
past-president of the American So-
ciety of Ichthyologists and Herpetolo-

14 gists, writes in vivid terms the lay-

J
man can understand,

I
Elegantly clothbound. this handsome

ume contains 337 pages ... 28

nprehensive chapters ... 25 AC-
( TUAL PHOTOS . . . bibliography.

|

SEND NO MONEY
Read FREE for 70 Days

. . . Then, if you are not completely
delighted. simply return book and
ou-c notId ig. Otherwise, send only

S6,95 (plu s small shipping cost) as

payment i 1 full.

i SEND COUPON TODAY k n

To your bookseller, or

ALFRED A. KNOPF. INC. — Dept. N8-ri38
239 Great Neck Road. Great Neck, N. Y.

Please send THE GIAXT SNAKES immediatel

for FREE 10-day trial. If not delishted, I will r.

turn the book and owe nothinK- Otherwise. I sha
remit S6.95 (plus small shipping cost) as paymei

Address

.

XS-1138
nd publisher pays ship-
im-for-refund prlvileee-



Want to escape to quiet, sunny deserts?

Explore primitive native villages in Old

Mexico or just relax beside some inviting

stream? Perliaps you know a road some-
where you'd like to follow to the end. It's

all the same with an Airstream Land Yacht
— a personal highway cruiser outfitted

down to the smallest luxurious detail for

limitless road voyaging . . . good beds,

bathroom, hot and cold water, refrigera-

tion, heat and light independent of out-

side sources wherever you go — for a

night, a week, or a month. Airstream Land
Yachting means real travel independence
— no time-tables, tickets, packing. You
just tow your Airstream lightly behind your
car and follow your travel whims wherever
they urge you to go. Yes, it's the exciting,

better way to travel here in North America
or anywhere in the world.

wrlie for Interesting free booklet
"World At Your Doorstep"

AIRSTREAM INC.
750 CHURCH ST.. JACKSON CENTER, OHIO

12804 E. FIRESTONE. SANTA FE SPRINGS 51, CALIF.

WHO WERE THEY?
Long before Euro-
peans ventured in-

to the Atlantic, the
Polynesians sailed

their marvelous
ships over vast

uncharted waters,

carrying with them
all the necessities

for new settlements

in Samoa, Tahiti,

Easter Island and the
Hawaiian group. Here,
using the techniques of

modern archaeology, the author
of ISLAND CIVILIZATIONS
OF POLYNESIA uncovers the

rich pre-history of the Pacific

Islands in captivating, accurate
detail. The only book available

on the subject at this level, this

is an expert's scientifically un-
distorted account which will fas-

cinate both young people and
adults. Maps by Leonard
Darwin. Drawings by Catherine
Scholz.

LORDS OF THE
BLUE PACIFIC
by Robert C. Suggs

$3.95 at your bookseller,

or order from

New York Graphic Society

Greenwich, Conn. I
An indispensable guide

by LUIS A. BOLIN
A coriipact, handy traveling compan-
ion filled with succinct and detailed

information gathered through on-the-

spot visits. Because the author is Euro-
pean, the view of our parks seen
through his eyes is wonderfully fresh

and exciting. Illustrated. $3.95

At better bookstores

ALFRED -A- KNOPF, Publisher ^'^
50/ Madison Avenue, New York 22

CATCH THEM ALIVE AND UNHURT!

mM Vii» Catches more

!

^^*
Easy to use!

Vim^lng HAVAnVRT trap captures raiding rati rabbits
fl'iulrrels, skunks, piteous, sparrows, etc. lakes mink, coons
without injury. Straying pets, poultry released unliurt.
Easy to use— open ends give animal conlidcnce. No jaws or
sprlncs to break. Galvanized. Sizea for all needs. FRKE
illu.'^trat.'d practlr.Tl guide with triippiiic Rccrcts.

HAVAHART. 158-T Water Street, Ossining, N.Y.
Please send me FREE new 48-paae guide and price list.
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lif

reading, especially by the amateur w!

has been forced to struggle throuj

synonymies and technical discussions

nomenclature in scientific reports. Tl

biological portion of the book, howevf

is so filled with errors that it is frighte

ing. Unfortunately, the chapters

"Univalves and Bivalves," "Interestii

Shells." and "The Barrier Reef" conta

many interesting historical reference

but the reader must be able to separa

fact from "fiction." On the book jack

Mr. Cameron is described as a specialis

which leads one to believe he must be

historian—he is not a malacologist.

The books so far discussed here ha^|P

been strictly in the "popular" categor

There are others that fit into both til"";

advanced-popular and the scientific

technical, class. If they are well illu

trated, these are also of interest to th

amateur shell collector, so a few of thei

are included here. The best example c

this type is Sea Shells of Tropical We.

America by Dr. Myra Keen. This boo

published in 1958, is the result of a nee

for a comprehensive account of the mo
lusks of the Panamic Province—the se.

shore that extends from the Gulf

California to Colombia. Because of it

scientific treatment, the book

every malacologist will welcome, am
because it is written in non-technica

language it will be equally sought afte

by amateurs. For the first time, one boo

describes 1,650 species, and more thai

L500 of them are illustrated. This cover;

most of the species over one-fifth of ai

inch in length. The brief diagnostic de

scriptions are in juxtaposition to th(

figures, allowing ready comparison o

the text with the fine illustrations. Tht

appendixes include a most useful serie:

of "Keys to the Major Pelecypod anc

Gastropod Divisions," with which one

can place an unknown shell in the propel

family. Then, by using the keys to the

genera and subgenera, which are in-

cluded under each family in the main
portion of the book, one can quickly and

systematically determine the species.

Recently, another publication has ap-

peared to add to our knowledge of the

Panamic fauna. The Panamic-Pacific

Pelecypoda by Axel A. Olsson. is a sci

entific, monographic treatment of the

bivalves of the area that extends from

Panama to Peru. However, it is a book

that the serious collector will find help-

ful and interesting. It is probably the

most complete treatment ever attempted

of the bivalves of such an extensive area.

Although the descriptions are written in

technical language and most of the com-
parisons of closely related species are

expressed in keys, the excellent illustra-

tions are sufficient in most cases to per-

mit identification of material without

reference to the text. Eighty-six plates

illustrate the inner and outer surfaces

of the valves of each species and, where



icessary, enlarged sections show sculp-

re and hinge structure details. The
cality records and ecological notes

ven for each species—most of them the

suit of Mr. Olsson's long experience

the area—will be helpful to anyone

anning to visit these rich collecting

ounds. The estimated number of spe-

cs of shelled mollusks for the Panamic-

acific Province is given as 2.200. Of

ese. only 496 are pelecypods. and an

nazing proportion (30 genera and sub-

;nera and 74 species) are called new.

rHE serious amateur, as well as the

student of mollusks. should be as

iterested in the anatomy and function-

ig of mollusks as in their shells. In fact,

nowing how the various types of mol-

ll

isks feed, how they "breathe," what

ij
'pe of sensory organs they have, and
ow they reproduce adds interest and

J

ften aids in finding specimens in the

eld. Dr. J. E. Morton's Molluscs is the

nly recent English-language book on

le form and function of mollusks. In

le early chapters, following a review

f the general features of the Mollusca,

>r. Morton discusses the external form
nd function of the six classes, using

iagrammatic sketches to emphasize im-

ortant points. In the subsequent chap-

srs, such as the "Mantle Cavity and
ills," "Feeding and Digestion." "Ner-

ous System. Sense Organs and Beha-

ior." and "Sex and Reproduction," first

he general features and then the devia-

ions exhibited by the various groups are

onsidered. Throughout the book. Dr.

ilorton develops the theme of evolution

vithin the phylum and relates the

hanges that have occurred in the ani-

nal's functions and adaptation to its

nvironment. A carefully selected bibli-

graphy documents all statements. Al-

hough first published in England, this

)ook has been so popular with both

eneral biologists and mollusk special-

5ts that this paperback edition is now
ivailable in the United States.

In concluding this review it should be

jointed out that many popular books
lave recently been published in other

;ountries. Among these are Shells of the

iustralian Sea-Shore, by D. F. Mc-
Michael, Coquillages Marins, by J. Ar-

ecgros. which deals with the shells of

he Atlantic and Mediterranean coasts

jf France. Shelpen, by Bob Entrop. on
he shells of the Netherlands. A Begin-

ler's Guide to South African Shells, by
K. H. Barnard, and the exquisitely illus-

trated Encyclopedia of Japanese Shells

by Okada. All of these are illustrated

and the plate captions give the scientific

names, so it does not matter in what
language they are written—it is easy to

determine their contents.

As with any hobby, shell collecting

becomes increasingly interesting as more
and more is learned about this subject.

A great Canadian luriter

portrays his country

through the history

of its vast ivaterivays

From this vivid personal record of
the author's travels over the course
of the seven principal Canadian
rivers, the land emerges in all the
marvelous variety of its natural
beauties, the character of its

people, its political and social his-

tory and the promise of its future.

©$i.95 at all bookstores
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Creative Recreation , . . share the resources of the

University, WHEREVER YOU ARE, for a life-long in-

vestment in intellectual self-improvement . . . wtiat-

ever your goal: write a fine poem or invest your

money more wisely . . . learn French or symbolic

logic . . . increase your understanding of Toynbee's

philosophy or of Russian foreign policy.

For the mature mind ... if you're over 25, consider

the advantages of using your leisure creatively,

through Chicago's unique Home-Study curriculum

FOR ADUtTS - in all, 150 courses in Philosophy,

Religion, Archeology, Creative Writing, World Affairs,

Psychology and Human Relations, Astronomy, Great

Books, Semantics, Investments, fvlathematics and

Statistics, Geography, and other fields.

Individual instruction . . . enjoy an absorbing con-

versation-by-mail with a University instructor, in

the subjects of your choice. Begin at any time . . .

study at your convenience, AT HOME . . . earn aca-

demic credit. For full information, write for the

Home-Study AI^NOUNCEIVIENTS; no obligation, of

course.

The Home-Study Department

UNIVERSITY OF CHICAGO
Box NH-92, Chicago 37, III.

DO YOUR
EAGLE WATCHING

WITH A
HONEYWELL
PENTAX!

The purposeful stare of an
Olympian bird has nothing on the

eagle-eye of a Pentax camera. Its

sharp lens captures every photo
for you in exact detail—whether
you are using a standard 55 mm
lens or another in the Pentax sys-

tem of thirteen interchangeable
lenses.

Remember that the Pentax
"eye" sees on film exactly what
you see in the viewfinder, because
you actually focus and compose
your picture through the taking
lens. Until you've tried this your-
self, it's hard to visualize how
much a Pentax can help your
photography.

So please ask your Honey-
well Photo Products dealer for a

demonstration very soon. He'll

show you the H-1 at $149.50 and
the H-3 at $199.50. And if you
would like to become better ac-

quainted with those lenses, send 20^
in coin to Herb Willis, Honeywell-

Heiland,

Denver 10,

Colorado, for

a copy of

"Lenses for

the Honeywell
Pentax."

Honeyivell
[HjpU&'TWu^sfe



faster, more accurate

focusing and composing

3HICA'

YASHIGA
Pentamatic S

automatic 35mm reflex

Unique 'tri-wav' finder shows three

separate focusing systems at a glance
— rangefinder, microscreen, ground
glass—for top accuracy in any light.

Other features include f 1.8 Auto-Yash-
inon 55mm lens, automatic diaphragm
and mirror, 1-1/IOOOth sec. shutter,

X and FP synch, single-stroke advance.
See the excitingly priced Pentamatic S,

the popular Pentamatic and the new
economy Penta J at your photo dealer,

or write for more information : d ept. d.

(DyASHICA inc., 50-17 Oiitentejv(l.,WooiUlile 77, N.'

]N CANADA: ANGLOPHOTO LTD.. MONTREAL

USED AND APPROVED

BY LEADING UNIVERSITIES!
Model RV-6

6-INCH

DYNASCOPE
Reflecting

Telescope

Finest American-made 6-inch reflector in ita

price range! Saves $1(10 or more, yet get all

these fine features, f/8 6-inch mirror accurate
to "/s wave • 3 matched eyepieces (7oX, 150X.
343X) • 6x30 Achromatic finderscope • Heavy-
duty mount with setting circles • Rack & Pinion
eyepiece holder • Sturdy lightweieht tripod.

CRITERION MANUFACTURING COMPANY
Dept. NH-27, 331 Church St., Hartford 1, Conn,

j

FREE FACTS! MAIL COUPON! 1

Criterion Maniilactiiniiij Comiiaiiy
Dept. NH-27, 331 Church St., Hartford 1, Conn.
a I'lcase ship mc riroiiii.Uy the HV-i; DY.VA-

I _ WI'Oi'B, .My paymc-nl or «l;i4.'J.^ 1« enclosed.
' D I'leane scnj FHEK I.ITBKATUBE on the KV-0
IDynascope and your other 4" to 16" DYNA-

SCOI'E.S that will meet any budget or re-

BRIEF
The Sea, by Leonard Engel. Time, Inc.,

$3.95; 190 pp., illus. The Forest, by
Peter Farb. Time, Inc., $.3.95; 192 pp.,

illus. The Desert, by A. Starker Leo-

pold. Time, Inc., $3.95; 191 pp., illus.

The Mountains, by Lorus J. and Marg-

ery Milne. Time, Inc., $3.95; 192 pp.

THE problem facing the editors of the

"Life Nature Library" is the cor-

relation of two mediums—book and pic-

ture magazine. The Sea, The Forest, The

Desert, and The Mountains, four ex-

amples from Life's editors, are attractive,

and in some ways provide good sum-

maries of their material, but all suffer

from the difficulty of juxtaposing pic-

tures and text. The photographs are

usually striking, in some instances, spec-

tacular, but they have a way of making
a barrier of themselves by standing in

the path of explanation or simply chang-

ing the route suddenly so that the reader,

now a viewer, finds himself in different

country without a guide.

The Desert is characterized by eye-

catching photographs, some of the best

that money can buy. A. Starker Leopold

has written a competent, interesting text

NEW TITLES

FOR SUMMER READING

PATTERNS IN THE SKY, by Julius D. W. Staal.

A long awaited book on the mythology and leg-

ends of the stars written with such clarity that

you come to recognize and enjoy the drama and
loveliness of the night for yourself. $4.20 ppd.

THE PICTURE HISTORY OF ASTRONOMY,

by Patrick Moore.

Four hundred and twenty-five excellent illus-

trations help to make this a thrilling reading

experience. Only through history can we gain an
understanding of the seemingly incredible ideas

of modern astronomy. $6.20 ppd.

THE NINE PLANETS, by Alan E. Nourse.

A stimulating and exciting account of our solar

system in a pocketbook edition. Dr. Nourse is

the complete scientist, brimming over with data,

impressive terminology, and occasionally, poetry.

$.95 ppd.

ASTRONOMICAL SPECTROSCOPY,

by A. 0. Thackaray.

This book presents the subject so that it can be
understood by the beginner. It gives, first, a

sound basic explanation of the generation of

spectral lines, describes the instruments used,

and provides a detailed and up-to-date explana-
tion of the way in which observations lead to

fundamental information. $4.20 ppd.

Museum Members and Planetarium Course stu-

dents are entitled to 10% discount. Please do
not send cash. Send check or money order to:

THE BOOK CORNER

American-Museum Hayden Planetarium

New York 24, N. Y.

WRITE FOR FREE CATALOG

and the book is full of up-to-date info

mation on one of the earth's most fasc

nating environments. The volume
surely well worth owning and yet 1

method, which is essentially encycL

pedic, results in the presentation i

rather too much material for the limite

space assigned to it.

The Mountains is an attempt to recti)

the fact that much of our knowled,

of mountains is of recent origin and he

not been widely disseminated to the la;

man. This handsomely illustrated boo

presents a brief but understandable n

sume of the geography of mountain

the concepts of mountain evolution, th

dynamics of volcanoes, the ecology

mountain vegetation and animal life, th

unusual biology of mountain-dwellin

peoples, and the adventurous story c

men and women (and dogs) who hav

striven to conquer the highest, most ir

accessible mountain peaks known.
Because both the Milnes are profes

sional biologists, it seems strange tha

the most serious errors in this volum
—and there are a number—are to b

found in the sections dealing with bir

logy. The chapter, "Planets, Winds, an

Ice," abounds with anthropomorphic ani

teleologic statements, as well as a va

riety of factual errors. The book is worti

its price. Not every statement it con

BULLETIN OF
THE AMERICAN MUSEUM
OF NATURAL HISTORY

The BULLETIN series contains articles
relating to geology, mineralogy, vertebrate
and invertebrate paleontology, and zoolo-
gy (entomology, herpetology, ichthyology,
malacology, mammalogy, ornithology,
etc.). In addition, the early volumes prior
to 1907 include papers dealing with an-
thropology.

Recently issued:

Birds of the Victor Emanuel and Hinden-
burg Mountains, New Guinea. Results of
the American Museum of Natural History
Expedition to New Guinea in 1954, by
E. Thomas Gitliard and Mary LeCrov.
Bulletin vol. 123, art. 1, pp. 1-86, pis. l-l'?,

2 figs., 3 tab., 1961. $2.00

Metamorphism in the Southern Alps of
New Zealand, by Brian Mason. Bulletin
vol. 123, art. 4, pp. 211-248, pis. 32-39, 6
figs., 9 tab., 1962. $1.25

Pseudoscorpions from Colorado, by C
Clayton Hoff. Bulletin vol. 122, art. 5, pp.
409-464, 19 figs., 1 tab., 1961. $1.00

A synopsis of the lizards of the Sexlineatus
group (Genus Cnemidophonis). By Wil-
liam E. Duellman and Richard G. Zweifel.
Bulletin vol. 123, art. 3, pp. 155-210, pis.

24-31, 10 figs., 6 tab., 1962. $1,50

Subscription price: $10.00 per volume.

Orders should be accompanied by checks
or money orders made payable to The
American Museum of Natural History.
Direct all correspondence and orders to:

The Librarian, Dept. B-1

The American Museum of Natural History

Central Park West at 79th Street

New York 24, New York



tains, however. sIkiuIiI be accepted

uncrilically by the reader.

Thf Si'd suffers by cotnparison vvitli

The Forest. Tlie latter is written in a

disciplined and competent style, while

the former abounds in hasty generaliza-

tions and abrupt conclusions. As a result,

more is learned of the forest than of

the sea. Both books hold much (prob-

ably too much) to attract the eye. but

the exactions of the picture and caption

technique cut down on verbal expres-

sion. In future, the editors may be able

to strike a better balance if they decide

what sort of books they are producing.

The Os.\ces. by John Joseph Mathews.
Vniv. of Oklahoma Press, $7.95; 826 pp.

THIS book represents a noteworthy ad-

dition to the interpretation of Indian

civilization, and although it contains

over 800 pages, the length should not dis-

courage anyone interested in the heritage

of their native land—particularly when
one considers that the author, John
Joseph Mathews, is an Osage.

The Osages attempts to interpret and
recount the cultural history of this In-

dian nation in terms of its own symbol-

ism, ritual, and language, insofar as

translation is possible. We are a long

way from understanding the identifica-

tion of a Neolithic (icoplc willi natural

forces. These people found their way by
means of "the moss, the lichen, the stars,

and the sun. . .
."

The symbolic culture of the Osages
was far from "primitive" or "simple" as

we are inclined to use those terms, but

complex, precise, and beautiful in many
ways. Because the author writes know-
ingly about the Osages. he accepts the

authority of their religion and succeeds

in making their decline and fall at the

hands of the next "Americans" even

more dramatic. The contrast between our
two civilizations is sharply drawn, but

the distinct impression remains that cul-

turally the Osages were never totally

crushed, and that their wild, ancient

relation to the natural world remains

relevant and unsullied. This is an excep-

tionally interesting and useful history.

Nature on the Rampage, by Ann and
Myron Sutton. /. B. Lippincott Co.,

S6.00; 328 pp.

To one who has always enjoyed na-

ture's rambunctiousness. Nature on
the Rampage is a disappointment. The
rampages are listed by chapter headings

but, unfortunately, they are not well

chosen. For instance, chapters two,

three, and four are titled "Winds," "Hur-

ricanes." and "Tornadoes." respectively,

"liain," "Hail." and "Lightning" are the

titles of three more chapters, and one
gets confused as to whether the particu-

larly heavy rains encountered in the last-

mentioned chapter are associated with

tornadoes, thunderstorms, or hurricanes.

"Deserts," too, seems a particularly

inappropriate chapter title, for although

the dry wastelands are cruel and most

unfavorable to man. they hardly illus-

trate a rampageous nature but. rather,

nature in one of its more stable attitudes.

The subject matter of the book should

be of interest, but to the serious amateur
in meteorology and geology, most of the

material is "old hat"; and the scientific

purist will be disturbed by the authors"

sloppy use of the word "power." when
it is "energy" that is being discussed.

Perhaps the plodding nature of the

book lies in the self-conscious, almost

forced pattern of the chapters. Each
starts with a human interest story based
on an actual experience, followed by a

brief section of scientific explanation.

And. as a finale, a bit of the mythology
and history of the phenomenon is thrown
in. One is left to wonder whether the two
authors have any particular interest in

any part of this repeated trilogy or

whether it represents the publisher's

idea for reaching a wide public.
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Great Plaza is boundeil

mi ihe east and west by
temples, and lined with

stelae. Steps at the left

lead to North Terrace.

From air. roof-combs of

Tikal can be seen above
enveloping rain forest.

Temple I, right, towers

to a height of 160 feet.

Maya Mystery

in Tikal
Site reveals long succession of cultures

By William R. Coe

THE SPANISH ACCOUNTS of the Com-

plex cultures of Mexico and Guate-

mala, encountered by the conquista-

dors in the early years of the sixteenth

century, document the end of an intri-

cate cultural development that per-

haps spanned 15,000 to 30,000 years.

The still-fabulous Aztec capital of

Tenochtitlan, the site of modern Mex-

ico City, and all that its urban pattern

implied, had its beginnings with the

early mammoth hunters of the Valley

uf Mexico. The climate eventually

changed and the large game disap-

peared. Increasing reliance on the

gathering of edible plants laid the

groundwork for the eventual and still

all-important domestication of corn,

beans, and squash. This led, around

2000 B.C., to the emergence of village

living, beginnings of pottery-making,

and an increasing dependence on agri-

culture. By 500 B.C. these elements

had developed into a significantly

more complex situation in which towns

dominated by religious precincts and

a controlling priesthood were in exist-

ence in many localities of what we
know as Meso-America.

The stage of village living has been

termed "Formative." The achieve-

ment of towns, temples, craft special-

ization, and the beginnings of monu-

mental sculpture and distinct art styles

is known as "Proto-Classic." It is on

the subsequent ''Classic Stage,'" which

lasted for about a thousand years and

ended near a.d. 900, that so much
archeological interest has been fo-

cused during the last fifty years. In this

period, the aesthetic and religious

trends that were evident in the Proto-

Classic stage matured, yielding the

many large, small, and diversely de-

tailed "ceremonial centers" of Meso-

America. The centers, lonsi-sustained



Two TEMI'LES on North Acropolis—Structure 34, left, and

33, at right—date to about a.d. 540 and 700 respectively.

by farmers, traders, and religious lead-

ers, were eventually dissolved or were

destroyed one by one.

What followed is encompassed by

the convenient term, "Post-Classic."

This stage in Meso-America saw the

ascendancy of the warrior. New peo-

ples came to the fore. The residue of

Classic culture was absorbed and re-

combined. To an important degree,

secular controls supplanted those of

the priesthood. Dense concentrations

of peopjles were coupled with the de-

velopment of true cities. Ihis is the

era for which there is so much histori-

cal data—data pertaining to the names,

lifetimes, travels, intrigues, and con-

quests of faintly mythical rulers, of

the towns they built, of the tribute

their conquests allowed, and of the

gods they worshiped.

WITHIN Meso-America there oc-

curs a plethora of ceremonial

and habitation sites, of languages, art

styles, and traditions. Such features

coalesce distinctively in a number of

regions and times. One recognizes the

Teotihuacan, Toltec, and Nahua-
Aztec cultures in the area of modern

Mexico City; the early La Venta cul-

ture of the isthmian area of Mexico;

the Zapotec in southern Mexico ; and,

among others, the lowland Maya cul-

ture of the Yucatan Peninsula. It is

the Maya, or, rather, their jungle-

bound temples and palaces, that have

for so long captured man's fancy. The
image of the rain forest enclosing the

ruins of a high, literate civilization

makes a wide appeal to the romanti-

cism that persists among us all.

However, it is among such ruins

that answers to vital questions of cul-

tural evolution may be found. A cen-

12



North Acropolis excavation begins by digging of trench

at Structure 26, disclosing the superimposed plaster floors.

tury of excavation, exploration, and

study have done much to document

the growth of Maya "cities,"' and the

stages of Maya history. A portion of

the hieroglyphic texts given in a few

surviving Maya books and on the

many stone monuments have been

read successfully. Despite all this work
there remains a very real ignorance

of causes. We still do not know what

sustained the priesthood, the temples,

and the palaces, nor do we understand

what factor or factors dissolved the

traditional Proto-Classic and Classic

bonds among farmer, craft specialist.

and theocrat. Hardly anything can be

said reliably about the structure of

Classic society. Little is known of the

relationships between the many low-

land centers, much less of those be-

tween the lowland Maya and their

linguistic cousins in the Guatemalan

highlands, and still less of relation-

ships with other cultural groups within

Meso-America. The painstaking slow-

Heaviest excavations have been made
in this section of the site. Temples I

and II are more than 260 feet apart.

l41)^



Structure 26 was found to lie directly over substructure

of earlier building, the room walls of which had been razed.

Deeply buried building, overlaid by many plaster floors,

shows how old structures were used as basis for newer ones.

Removing portion of old building, top, revealed it, too,

had been built over an earlier structure, as seen at right.
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Diggings at south end of tlie mammoth trench through the

North Acropolis are surveyed and carefully plotted on paper.



Spindle-shaped vault beams and plastered vault, walls,

floor, and bench are typically Maya, as are wooden lintels.

ness by which factual knowledge is

gathered and interpreted through ar-

cheology is not often realized.

Archeology as conceived and prac-

ticed in the Americas is within the field

cif anthropology. Although it is doubt-

ful that there has ever been a survey

of opinion on the matter, most Ameri-
canists probably justify their profes-

sion on the grounds that the New
World is a sort of "laboratory isolate."

As such, it forms a human arena with

such theoretically limiting natural

boundaries as oceans. The one marked
exception for "experimental varia-

ble" I is the Bering Strait area, across

which men entered the New World
from Asia in late Pleistocene times.

THE developmental stages and proc-

esses by which many of the Old
World cultures evolved are reason-

ably well outlined. So one question
that arises in New World studies is the

flegree to which American Indian cul-

i6

ture, in its basic isolation, developed
in ways parallel to the Old World pat-

tern. Were the respective rates com-
parable, and if not, why not? What
factors might explain similarities in

development on such a scale? The
Americas provide a unique testing

ground for Old World conclusions re-

garding the rise and fall of "civiliza-

tions" (a term that gains in definition

from study of American Indian
achievements). In short, the New
World offers a special opportunity for

a cultural perspective that can hardly
be matched elsewhere.

In 1956, work was begun at prob-

ably the greatest and most splendid

of the Meso-American centers—the
Classic Maya ruins of Tikal, in the

heavily forested, barely populated low-

lands of the Department of Peten in

northern Guatemala. Although this site

has been known in print since 18.53,

its extent, both in time and space, have
only come to be realized since 19.56,

d

when The University Museum of th«
JJ

University of Pennsylvania began a

ten-year program of excavation and

study there. Under the field direction

of Edwin M. Shook, for many years

an archeologist of the Carnegie Insti

tution of Washington, the Tikal Proj

ect camp was built, and an ambitious \i

program of excavation was started.

From its beginning the work had the

co-operation of the Guatemalan gov-

ernment—a support substantially

expressed in such items as air trans

portation of supplies and personnel

Until very recently, all project contact

beyond remote tropical Tikal was by

air, and even now the continuance of

scheduled flights from Guatemala City

is vital to the project's well-being.

M'
"APPING and excavation have
shown that by Late Classic times

(a.d. 600-900) the central 6.7 square

miles of Tikal contained at least 2,750

structures. The periphery and limits

of this massive site remain unknown.
Work so far has revealed inscriptions

ranging from as early as A.D. 292 to

A.D. 869—a span of 577 years. But

such absolute dates are only a portion

of the record. Below the monumental
remains of the Classic Stage at Tikal

are equally impressive constructions

dating to 100 B.C. The beginning stage

of Tikal as a ceremonial center, and

the still earlier evidence of local occu-

pation must still be discovered.

Beyond the archeologist's frank en-

joyment in digging, what problems
motivate the lengthy and expensive

program of work at Tikal? And why
choose that particular site, whose very

size allows only stringent sampling in

its excavation? After the excavations

that have been made at such famed
sites as Copan, Piedras Negras, Pa-

lenque, and Uaxactun, is it possible

to expect that finds at Tikal will add
appreciably to what has already been

learned of the lowland Maya?
The answers to these questions are

not simple. First, it is necessary for

scholars to know the extent to which
the size of a single center such as

Tikal contributed to the whole of low-

land Maya cultural development. Such
a large site might prove to have been

an inventive one from which impor-

tant innovations and traditions of

Maya culture diffused. It might also

have been exceptionally sensitive to

developments at other Maya centers,

as well as among other contemporary
Meso-American peoples. On the other



nd, the physical magnitude of Tikal

uld also imply a capacity to resist

ange for the sake of local ortho-

xy. It was inevitable that the site

juld be exca\ ated. if only to exam-

e the relationship between size,

ange, and conservatism. Moreover,

cheological finds, which elsewhere

ht require a year and a fortune to

cavate, are sometimes almost fully

eserved at Tikal, and can often be

und by using nothing much more

an an ordinary broom.

There is a second, equally pressing

Column of glyphs in Burial 48 gives

the Maya date equivalent to a.d. 457.

Jade and shell mosaic mask, found at

Tikal in 1959, is only 11/2 inches high.

1)11. CoE. A>-i>t;iiU Ciircili.i dI lli«-

American Sertion at Tlie Linivt-rhily

Museum, is also the Assistant Field

Director with the Tikal expedition.

problem— the isolation of factors lead-

ing to the initial occupation of Tikal.

How and when did the ceremonial

pattern, so manifest in Classic times,

come to be developed, or, for that

matter, perhaps introduced in its es-

sentials? When faced with specific

excavation data, how are such distinc-

tions as "Formative," "Proto-Clas-

sic," and "Classic" to be given mean-

ing? Why did the long-successful but

still-obscure relationship of peasant

and priest cease? Eventual failure to

carve and erect new stone monuments,

or to continue to build and to main-

tain those already built, may imply the

loss of priestly control. The question

still remains as to what subsequently

happened in Post-Classic times to the

farming population, on which Classic

achievements must undoubtedly have

been based economically.

THE inferences and conclusions

stemming from slow archeological

techniques rest on a jungle setting and

on the few imperishables such an en-

vironment allows. Among the plebian

houses and religious precincts, what

survives the rot and destructive roots

may, when put in chronological order,

yield the vital evidences of patterns of

living, of traditions, and change. Facts,

analysis, ideas, orthodoxies, shibbo-

leths, and confidence in the legibility

of what is human—these are the ele-

ments that have closely bound Tikal

and the excavator like a mute patient

and an insistent doctor.

The field season at Tikal runs from

January into May, although on occa-

sions it has been possible to operate

successfully during the usually wet

summer months. Each season sees the

further deepening and extension of

trenches, the discovery of earlier and

earlier buildings, together with carved

monuments, further rich tombs, and

simpler burials, as well as curious cere-

monial offerings stocked with exotic

items of flint, obsidian, shell, and jade-

ite. Analysis of the remains encoun-

tered in the excavations has yielded a

number of patterns that provide the

digger with important means of pre-

diction. Yet, despite a growing sense of

control, there are always surprises.

In February of 1961, what has been

undramatically termed Burial 48 was

discovered. This was a tomb burial.

Tomb locations are fairly predictable,

although they are not easily reached.

Burial 48 turned out to be a small

chamber cut into limestone bedrock.

Another tomb, with a typical Maya
vault, had been built over the area at



Incised bowl is typical of the pottery

used by priests in Early Classic times.

Vessel with bird top shows influence

of great Teotihuacan site in Mexico.

a later date. Masonry, which blocked

the entrance of the earlier tomb, was

gingerly removed. A light was thrust

through the opening, and what had

never been anticipated was first seen—

a room nine feet long (a "cave" would

be more apt I , whose walls were cov-

ered with plaster and painted with im-

mense black hieroglyphs. Directly op-

posite the sealed entrance was a ver-

tically painted "Initial Series" text,

recording the Maya date 9.1.1.10.10 4

Oc, which later in camp was translated

as A.D. 457. Little was visible beyond

the painted chamber walls, as the bed-

rock ceiling had badly scaled, thus

effectively covering the interment on

the floor of the tomb.

NEARLY a month was required to ex

cavate and record this extraordi

nary discovery. The work was danger-

ous, cramped, and generally stifling.

But the astonishing finds were, to the

dedicated, worth any amount of dis-

comfort. Some of the outstanding

objects are pictured on these pages.

What cannot appear was the principal

skeleton, which was flanked by two

adolescents. The person to whom this

sumptuous tomb belonged must have

been important—probably a priest-

ruler. Oddly, no trace of his head was

found, nor could one be sure that he

had been buried with intact hands.

Large jadeite earplugs and necklaces

accompanied him. To one side, mag-

nificent vessels of pottery and one of

alabaster had been set. On the other

side were many plain vessels contain-

ing the barely recognizable remains of

foodstufis, including birds. The text

painted on the plastered walls of the

tomb may record the man's birth or

death date or, conceivably, that of his

accession to power as a priest.

Of course, the day-to-day work at

Tikal is rarely favored with a Burial

48 or with a report of a new carved

stela in the previously unmapped jun-

gle. It consists, instead, of picking and

troweling one's way deeper and further

back in time through floors, walls, and

construction fills. The bulk of the work

pertains to architecture, from the very

elaborate temple to the simple but sub-

stantial domestic structure. The objec-

tive is always to develop a fully con-

trolled and fully recorded physical

sequence, or stratigraphy.

The procedures in excavation and

its aims can be best-illustrated by the

work done and still in progress in and

about the central Great Plaza area. The
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Bird Motif of lid top, lower left, is repeated in incising

on side of vessel, above. Piece is six inches in diameter.

Great Plaza itself was found to consist

of five plazas, each new one built di-

rectly over its predecessor, and each

represented by a plaster floor about

twice the size of a modern football

field. The top two floors are linked to

long rows of stone altars and stelae.

The dates on certain of these monu-

ments provide a basis for dating the

construction and use of these plazas.

Broken pottery sandwiched between

floors give additional indications of

dates. The mammoth Temples I and II

have been tied together by their respec-

tive associations with these floors.

Tunneling within the 160-foot-high

Temple I has disclosed the existence

of a completely buried earlier temple.

The sequence of plaza floors has been

followed to the North Terrace, which

fronts the spectacular North Acropolis

—an unparalleled assemblage of Early

Classic temples. Over the course of

three seasons, the North Terrace was

probed and found to consist of eight

superimposed terraces, each some 300

feet long. Charcoal from the earliest

ones was analyzed by the radiocarbon

method, and the results indicate that

these immense terraces were built in

the first century B.C.

The sequence of terrace floors, once

related to the Great Plaza sequence,

19
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Band of hieroglyphs appears below green-painted rim of a

partly disintegrated alabaster bowl found in Burial 48.

served to place in time the construction

of a number of large temple buildings

on the south side of the North Acrop-

olis. The many monuments supported

by the terrace were similarly linked

to the terrace floor sequence. Deep
trenches and tunnels into the temples

have again provided important evi-

dence of final buildings that conceal

earlier versions. It is in the course of

such work that burials, including the

one just described, are discovered.

IN
1960, the major excavation effort

was shifted onto the North Acrop-

olis proper. The Acropolis is basically

a high, rectangular platform support-

ing eight formally arranged, closely

set temples. This is one of the few

places at Tikal at which Early Classic

buildings were not built over in Late

Classic times. Preliminary test digging

showed, as expected, that the Acropolis

platform was the result of a long peri-

od of construction. Beneath the eighth

floor were found the well-preserved

remains of a large building. Clearly,

the North Acropolis had grown by

stages, with each major stage support-

ing later buildings.

This deeply buried structure, with

great stuccoed masks flanking its stair-

way, was obviously early. But to speci-

fy how early required types of infor-

mation not then at hand. For one

thing, this portion of the North Acrop-

olis had not yet been linked to the

stratigraphy and temporal controls of

the North Terrace and Great Plaza.

The latest identifiable pottery from the

deep fill overlying the buried building

was of a type called Matzanel—the ce-

ramic hallmark of the local Proto-

Classic stage. This fact indicated that

the building had been abandoned and

buried no earlier than at a time when
such pottery was in vogue. It could

not be assumed that the building was

buried during Matzanel times ( within

the first two centuries A.D.), because

of the uncertainty as to where the over-

lying fill containing this pottery actu-

ally originated. The possibility existed

that the fill stemmed from a by-then-

ancient dump. On the other hand, a

trench into the building might produce

a tomb containing pottery. If the tomb
could be shown to have been installed

just prior to or during the construction

of the building, and if the pottery ves-

sels were not heirlooms, the types of

pottery—with their approximate ages

known from similar work found else-

where—could be used to date construc-

tion. However, at a depth of 25 feet,

within the confines of an exploratory

pit, real problems of logistics were

raised. Proper excavation of the build-

ing had to be delayed until planned,

adjacent excavations had been carried

to an equivalent depth.

Clearly, the objective was to expose

the complex development of the North

Acropolis platform and buildings,

stage by stage. A description of this

project will be presented in detail in

the October issue of the magazine.

Stucco painted red. green, and white

adorns this cylindrical tripod vessel.
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'Floaters

Long tentacles of Portuguese man-of-war paralyze a fish

that has touched nematocysts. left, which expel poisonous

threads like harpoons. Immobilized prey, above, is lifted

to clusters of feeding polyps by contraction of tentacles.

Siphonophore structures help colonies maintain specific depth

PARADOXICAL AS IT MAY SOUND,

many of the various animals and

lower plants that live permanently or

temporarily in the open ocean are in

danger of sinking. The fact is that the

specific gravity of protoplasm is about

1.05—and manv other constituents of

living organisms are far more dense.

On the other hand, the specific gravity

of normal sea water I a 33 per cent salt

concentration at 60°F. I is only about

1.025. Thus, marine organisms would

sink were it not for various devices

that have evolved to keep them afloat.

Some very small organisms use water

turbulence to keep from sinking; other

forms swim continuously. Another and

particularly interesting response to the

problem is shown by the group known

By Werner Jacobs

as floaters. The specific gravity of the

animals' bodies is adjusted to some-

what less than that of sea water by

the internal production of material

lighter than the surrounding water.

Among the floaters are the siphono-

phores. distant relatives of the large,

free-swimming marine jellyfish and

of the sea anemones and permanently

attached corals. They are more
closely related to the small, fresh-water

polyp, Hydra ( Natural History, No-

vember. 1959 1 . and its marine cousins,

the other Hydrozoa. All of these ani-

mals possess microscopic weapons

known as nematocysts. with the aid

of which they overcome their prey.

When certain nematocysts are touched,

they expel a harpoon-like thread with

enough force to penetrate fairly tough

surfaces (for instance, the carapace

of a small shrimp or copepod ) . Fre-

quently, the thread contains a poison

that paralyzes the victim. That of some
species is very irritating to human
skin, and the sensation is rather like

that of grasping stinging nettles.

Many members of the Hvdrozoa oc-

cur in two forms: a sedentary polyp

that may be associated with other

polyps in colonies, or a free-swimming

jellyfish, or medusa. The two forms

are related to each other as follows:

the polyps produce medusae by bud-

ding, a process of asexual reproduc-

tion: the medusae, in turn, produce

sperm or eggs in a sexual generation,

and the eggs, when fertilized, develop

23



Two SWIMMING BELLS of Galeolaria, at

left, and clustered swimming bells of

into free-swimming larvae that attach

to the substrate and develop into asex-

ual polyps. This cycle of alternating

generations may be obscured and re-

duced in certain species. In these, me-

dusa buds are produced on the polyp

but do not develop into free-swimming

individuals. Instead, they remain at-

tached to the polyp and, occasionally,

the typical medusa shape is only re-

motely indicated. On the other hand,

there are some forms that lack the

polyp stage, and the fertilized egg of

a medusa develops into another me-

dusa, or a medusa buds off another.

Most biologists regard siphono-

phores as polymorphic colonies that

consist of a set of individuals having

basically a polyp or a medusa struc-

ture. Frequently, however, the individ-

uals are so specialized in function that.

a

Hippopodius, at center, let creatures

change depth. Stephanomia, at right.

rather than seeming to be parts of a

colony, they resemble different organs

of a single individual. All siphono-

phores—each a colony of individuals-

float freely in subsurface oceanic

waters or drift on the surface. Two
main groups, the Pneumatophora and
the Calycophora, may be distinguished

by the morphology of the upper por-

tion of the colony.

THE body of one of the Pneumato-
phora has many regions and may

be as transparent as glass. The thread-

like axis contracts and relaxes at in-

tervals, and at the uppermost end a

minute, silvery bulb of pinhead size

can be distinguished. This is the gas

sac, or pneumatophore, an oval struc-

ture filled with a small quantity of gas.

Behind the sac is a double line of swim-

when disturbed, can sink by releasir

a bubble of gas from its gas sac, toj

ming bells, each of which is simila

to a medusa and somewhat resembk

a bell without a clapper. Rhythmi

contractions of the bell wall exp<

water through the structure's openin,

which points obliquely downward. Th
series of bells is about half an inc!

long. When all bells are active, the er

tire colony moves slowly forward witl

the pneumatophore in front.

Behind the region of swimmin
bells, the stem drags like a rope. It ma;

be up to one foot long, and it carrie;

organs of diverse form and function

combined in groups like beads on f

thread. Usually, each stem group has

one feeding organ, with a trumpet

shaped, expansive mouth. Further

there are the medusa-shaped structures

that house reproductive organs, and

one or more leaf- or hood-shaped pro

Full cas sac of Stephanomia is shown
excised, left. In the center, the gas is

24

extruded from the sac with laboratory

apparatus. Soon, new gas is produced

in the form of minute bubbles, which
are visible in tissue of gas gland, right.



ective structures coverinji the whole

;roup. Finally, aiul of great impor-

ance, each stem has a long, contractile

entacle. On small, lateral filaments,

he tentacle carries many nodules,

ftcn bright red or yellow, with nu-

ncrous nematocysts concentrated in

ach one. When the siphonophore's

)rey — usually a copepod — has been

laralyzed, it is carried to the feeding

)rgan by contraction of the tentacle.

Members of the Calycophora group

ack a gas sac. Instead, they carry one

)r more large, occasionally very elon-

gate, swimming bells. Diphyes and

7aleolaria have two; Hippopodius has

everal at the front of the axis.

W:
HEN the surface of the water is

choppy, one does not find the

smaller and more delicate species of

siphonophores in the upper layers of

the sea. At such times they descend

to calmer levels. The Calycophora use

their rather powerful swimming bells

to effect these depth changes. Several

of the Pneumatophora, Stephanomia,

for example, do it differently: through

a fine pore at the top of the gas sac,

which can be closed by minute muscles,

gas may be released. If one disturbs

a Stephanomia, gas escapes and, as a

consequence, the body sinks.

Although the gas sac of Stephano-

mia is very small indeed, when com-

pletely filled it supports the whole

colony. If the sac is cut off, even the

siphonophore's numerous swimming

bells cannot prevent the whole colony

from sinking. On the other hand, a

colony that has been induced to release

gas and dive will soon come up again,

provided the water is quiet, because

the gas sac can be quickly refilled. The

process of gas secretion can be readily

observed under the microscope. Appli-

cation of slight pressure forces the sac

to extrude gas. A few seconds later,

tiny new gas bubbles appear at the bot-

tom of the sac, within a special tissue

called the gas gland. The bubbles in-

crease quickly in size, fuse, and fill

the sac of the Stephanomia.

Presumably, gas release and gas

formation are delicately regulated in

response to local circumstances. How-
ever, the mechanism of regulation is

poorly understood. Some of my analy-

ses indicate that carbon dioxide and

oxygen apparently do not play any

significant role in the formation of

new gas. Measurements in Stephano-

mia have shown that the gas sac con-

tains on the average about 2 per cent

Polyp colony, top. produces medusae

and polyps by budding. Two main types

of siphonophore are compared below: a

Pneumatophora, left, and Calycophora.
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'Soinersaull" of Hippopodius occurs

as stem contracls into cavity between

swimming bells. The center of gravity

shifts and organism turns upside down.

Feeding organ

Reproductive

bell

Buoyant protective leaves cover stem of

Agnlmn and prevent the colony from
sinking. The gas sac, at top, is able

to support only anterior part of stem.

Each of many organ groups on axis of

Guleolarin consists of feeding organ,

a reproductive bell, a tentacle, and a

large, buoyant leaf covering the group.

carbon dioxide and 11 per cent oxygt

when the colony is at rest, and abo

2.5 per cent carbon dioxide and .5 pi

cent oxygen a few minutes after cor

pletion of the filling process.

Comparison with another wel

known hydrostatic gas organ, the swi

bladder of fishes, is interesting. Her
also, gas may be removed and the

replaced by the activity of gas gland

However, in the latter case, oxy

is the principal gas that is secretec

Also, carbon dioxide often appears i

considerable quantities, and in man
cases, a secretion of nitrogen and inei

gases, especially argon, has been derr

onstrated. The microscopic siphonc

phore larvae swim by beating tin)

hairlike cilia, with which they are cov

ered. Soon after hatching, the larva

elongate and two poles may be clearl

distinguished: at one end the futur

mouth of the first feeding polyp

indicated by dark pigmentation; at th

opposite end the structure of the futun

gas sac can be recognized. Then, a

one point in the development of th<

larva, the tiny sac is very quickly in

flated with gas.

Probably the best-known of all th(

siphonophores is Physalia, the PortU'

guese man-of-war, a giant member oi

the Pneumatophora. The man-of-war's

gas sac is very large—up to twelve

inches long—while its extremely shorl

stem is virtually a disc. Feeding or-

gans, reproductive organs, and long

tentacles hang below the gas sac. Be-

cause of its great size, the gas sac can-

not submerge, so the colony floats

permanently on the surface of the sea.

THE man-of-war shows an interest-

ing adaptation to life on the sur-

face. The gas sac is crested, and when
the wind blows against the crest, it

is erected by muscles and serves as a

sail by which the very large siphono-

phore is driven along.

Among many Pneumatophora the

gas sac is not exclusively responsible

for the colony's floating; it may even

be of little significance. Forskalia and
Agalma, for instance, do not sink at all

if the gas sac is cut ofi; the front of

the stem merely bends down slightly.

These species of the Pneumatophora
are distinguished by the presence of

numerous, gelatinous protective leaves.

The importance of the leaves to float-

ing becomes apparent at once if the

colony is shaken vigorously; the

loosely attached leaves fall off and
rise to the surface, while the rest of



the colony sinks. Obviously then, the

olony is primarily supported by the

lelatinous leaves, which are somewhat

lighter than sea water.

This floatini; method is especially

well developed in many of the Caly-

cophora. Hi\)poi>odius, for example, is

supported exclusiveh by its gelatinous

swimming bells, which rise to the sur-

face if they are cut off. It is amusing

to see a Hippo\)odiiis somersault when

it is disturbed. The tilting is caused

by a shift of the colony's center of

ra\ it\ . The stem and its appendages

are relatively hea\v. and normally

the\ hang vertically. When disturbed,

the stem contracts strongly and the

appendages are lifted to a position

between the swimming bells. Thus, the

center of gravity is shifted to the top

of the colony and the whole body turns

over. Since in this new orientation the

swimming bells expel water upward,

the colony is actually able to propel

itself downward.

Among the Calvcophora. both Diph-

yes and Galeolaria have two swimming
bells at the front, one behind the other.

The bells are of unequal size: the

larger one always has a much thicker

gelatinous wall. In Diphyes the larger

bell is the foremost, whereas in Galeo-

IJll. J X( oils i^ ;i |>l(lli-,-iir uilll lllr

Zo(il()(;ii mI Institute of Miinicli. He
obstM-\r(l li\in{; siplionophores at the
Zoi.l(i|;ic;il Slalioii in Napl.->. Italy.

laria the larger is second. The normal

resting position of the colony's front

part in these two species is therefore

quite different, because, whatever the

colony's position, the larger bell al-

ways points upward. It should be noted

that in Galeolaria only the very first

part of the stem hangs down. The
longer end floats more or less horizon-

tally because it is buoyed up by its

large protective leaves, each of which

covers one of the rows of stem groups

situated along the axis. Each group

consists of a feeding organ, a tentacle

with nematocyst batteries, and a region

containing the reproductive organs.

SOME of the Calycophora are able

to regulate the specific gravity of

the colony to a degree. A colony of Hip-

popodius or Diphyes may be lighter

than sea water at one time and heavier

at another. However, such weight

changes occur slowly, over the course

of approximately an hour.

It is still not known why the gelati-

nous substance of these leaves and

suiinming bells is lighter than sea

water. Possibly the material contains

salts of a different composition, or

at a lower concentration, than the

surrounding sea. Such cases are well

known in other marine organisms.

Noctiluca. for example, one of the pro-

ducers of marine luminescence, is a

tin\. sphere-shaped flagellate about 1

mm. in diameter. The salt concentra-

tion within its cell is the same as that

of sea water. However, the cell con-

tains primarily ammonium chloride,

whereas sea water contains principally

the heavier sodium chloride. Hence.

Nocliluca is slightly lighter than its

environment. On the other hand, it

seems that the marine diatom Dilylium

briglitwelli is in a floating equilibrium

with sea water only when the cell fluid

is extremely low in salts.

All the smaller, non-swimming
ocean plants and animals are faced

with the problem of maintaining a

specific depth. Diatoms, protozoans,

minute crustaceans I larvae and adults

alike I
,
pelagic worms, snails, and as-

cidians, each has a method of meeting

this problem. The Siphonophora show
one more of the man\ adaptations that

have e\ olved in their use of gas flota-

tion and differences in specific gravity.

PoRTiCL'ESE MEN-OF-WAR float in Water off Spanish Harbor
Key, Florida, near Gulf Stream. Crest on top of each gas

sac is erected by muscles. The crest serves as a sail for

the man-of-war, catching wind and thus moving the colony.





nee-deep in a pond on

pe Cod, this small

sident looks closely

r evidence of water

e among the slender

pewort flower stalks.

Soft feathers and firm

body of a mounted bird

are stroked by natural

history student at an

exhibit in summer tent

erected onmuseum land.

Lessons in Stones,

Plants and Ponds
Cape Cod Museum teaches natural history on its own land

THERE ARE MANY WAYS in which a child can learn, but

when the subject is the world around him. the most

valuable and lasting way is for him to experience that

world firsthand—to touch, to smell, to look, to hear—pref-

erably under the guidance of a knowing adult. This is the

thesis of the CapeCod Museum of Natural History, which

was founded eight years ago as a junior museum.

The setting is ideal for the project. Forty-eight acres of

land include marshes, valleys, hills, streams, woodland,

and fresh-water ponds—a wonderland of wildlife. The mu-

seum's other great asset is the availability of year-round

residents with some training in the field of natural history.

Two of these are Dr. Loren C. Petry. a retired botany pro-

fessor from Cornell University, and Dr. Ransom Somers,

formerly with the geology department at the same institu-

tion. They, together with others interested in various as-

pects of nature, are undertaking the job of instructing the

young people. At the beginning, headquarters were in

Brewster Town Hall, where some classes still are held. Next

came a roadside tent for housing summer exhibits. These

pages show some of the things there are for children to do

outdoors, and the great excitement in the doing of them.

By John Hay Photographs by Arline Strong
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Whistling with a blade of grass is not as easy as it

appears. An admiring friend watches carefully while a

young musician plays a solo in a sunny, wooded setting.

Female snapping turtle, which lays its

eggs on land, spends most of its time

in the water. Animal has a horny beak,

strong jaws, and such a short temper

even grownups approach with caution.
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"This kind of sumac isn't poisonous."

says Dr. Petry. Absorbed children are

learning to recognize common plants

and their properties, while receiving

a basic course in observation methods.
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Menil>ers of a nature <!la.ss treail sotlly aliiiig edge of

pond looking out for water life. Large net is tool of

exploration to be used for dipping up pond's secrets.

32

"What do you suppose this is?" Many wonderful things

were trapped with a random sweep of the net along the

water's edge, and nature's grab bag is eagerly studied.



1 n i>i:.Ni's (il ii;iliiial liislory can slucly hundreds of

) loniis ol lift— hoth plant and animal— that inhabit the

areas streams and glacial ponds. Nature classes are regu-

larly conducted to such locations, some of which are on

museum property, some in the regions bordering it. Aquar-

iums and miniature pt)nds constructed by staflers allow

ihc children to observe more chjsely the life they only

glimpse now and then in natural pools. For aspiring geolo-

gists, there are classes, informal and often conducted out

of doors, for the study of rocks. Cape Cod geology, and

geologic mapping. Under the guidance of a local potter

anti artist, youngsters with artistic interests learn to apply

the forms in nature to clay. Nature walks and games of

identification are part of the annual program, too. As an

adjunct to its work, the museum supplies loan exhibits to

local schools, and has a growing natural science library.

One function of the museum staff grew out of necessity.

For various exhibits, mounted specimens were needed, but

taxidermy was too expensive an item for the young mu-
seum. So some of the staff members enrolled in classes at

the Boston Museum of Science and learned how to do the

work themselves. This approach to their subjects has grown
frt)m the staff s conviction that a child must be given the

ipportunity to know his natural heritage. The popularit\

if the program is an indication of the theory's success.

Moon snail, its powerful foot creeping helplessly on
the hand of the child who discovered it in the water,

looks little like an animal that preys on shellfish.



Careful study is needed to
find out exactly what a rock
is made of. Dr. Somers looks

at a specimen with hand glass

as young '"rockhounds" watch.

Cape Cod Bay is background
for class in geology, and Dr
Somers explains the origin ol

loose rocks left by glacier

many thousands of years ago.

Breathing tubes are visible

above partly submerged heads
of these ''water babies," who
are interested at the moment
in a group of sea anemones.

A rock picked up on the beach or a snail scooped from
its watery habitat are objects of wonder to a child.

But if his questions about things in nature are consistently

ignored, he may grow up with little interest in his sur-

roundings. There are reasons for a rock's ragged edges. To
explain them with such a rock in hand at the moment of

his inquiry is to introduce the earth's processes to a highly
receptive mind. Curiosity so rewarded increases a child's

understanding of himself as part of a changing world.
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Is it a bullfrog or a green frog? How to identify it is

explained with a living specimen held belly up in the

carefully restraining fingers of an aspiring naturalist.

To catch a dragonfly, even one as big as this "darning
needle," is no easy job. It's even harder to hold it so

gently that, after it has been studied, it can fly away.

Water lilies bloom among their green leaves in rippled

Cape Cod pond. Their presence means water is fairly

shallow, although it may still be too deep for wading.

These clay pots, lovingly molded, smoothed, and then

baked in the sun, embody many of the shapes, textures,

colors, and light and dark observed throughout nature.
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A Speed Trap

for Birds
Specially devised radar unit measures

flight velocity by Doppler frequency

By Wesley E. Lanyon

ANYONE WHO HAS WATCHED a pere-

L grine falcon swoop on its prey or

the labored flight of a great blue heron

over a marsh has very probably enter-

tained some questions as to how fast

the birds were flying. Many sportsmen,

too, have speculated upon the speed of

ducks as they winged over a blind; or

of quail exploding into the air before

the pointing dogs. Experiences such as

these kindled the interest of F. Trubee
Davison in the speed of birds in flight.

Mr. Davison, a former president of

The American Museum of Natural His-

tory, turned to the Museum's Depart-

ment of Ornithology for information,

only to discover that no comprehensive

scientific investigation had ever been

made in this particular area.

This is not to say that there are



no published flight speeds. There are

numerous references attesting to how
fast this or that species was flying, but

measuring techniques have been crude.

Most records have been obtained by

reading the speedometer of an auto-

mobile or the air-speed indicator of

an airplane while the observer moved
parallel with the bird's line of flight.

There are obvious difficulties in match-

ing the speed of a flying bird with that

of a vehicle, and such "games" can be

hazardous. Aside from the inaccura-

cies of the meters involved, there are

other sources of error. No adjustments

can be made for the influence of wind
or thermal currents, so that the inves-

tigators are actually measuring travel-

ing speed (or ground speed) rather

than the bird's true flying ability. A

songbird capable of a top speed of 20

miles per hour being carried along

by a 15-mile-an-hour tail wind might

register a ground speed of up to 35

miles per hour. Similarly, the osprey

has been known to reach a traveling

speed of 80 miles per hour without flap-

ping its wings, simply by sailing along

the top of a strong thermal current.

Another technique is using a stop

J\_ watch to time a bird's flight over

a measured course to discover its aver-

age speed. It is impossible to deter-

mine the maximum flight speeds of

many species by this method, because

of peculiarities in individual flight be-

havior. For instance, the black vulture

has an alternating flapping and gliding

flight : the bobwhite flushes with a sud-

den burst of speed, which is followed

by a prolonged glide.

An ingenious method for determin-

ing maximum flight speeds has recent-

ly been used successfully by Crawford

H. Greenewalt in his remarkable stud-

ies of hummingbirds. A wind tunnel

was constructed, and a powerful fan

was placed at one end. The fan"s output

could be varied to produce a head wind

of any given velocity, and a feeder was

placed at the exit end of the tunnel.

A hummingbird, entering the tunnel to

feed and confronted with a head wind

of a specific velocity, would perform

as though it were flying at that speed,

although its position with respect to

the feeder would remain stationary.

By carefullv increasing the wind ve-

locity in the tunnel, it was possible to
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determine at what critical point the

bird was unable to maintain its posi-

tion in the current of air. The fastest

"speed" attained by a ruby-throated

hummingbird in these experiments

corresponded to a wind velocity of

about 27 miles per hour, and it was

concluded that under natural condi-

tions the top speed for this species is

probably under 30 miles per hour.

Since there are records in the literature

crediting this bird with speeds of up to

60 miles per hour (as determined by

pacing a bird a short distance with an

automobile
)

, Mr. Greenewalt's results

are revealing, and demonstrate the

limitations of crude field techniques.

Such a controlled, experimental ap-

proach to measuring the flight speeds

of birds has particular promise in stud-

ies of the relation of speed to different

shapes and activities of birds' wings.

It has its limitations, of course, in de-

termining the speeds under a variety

of environmental and behavioral sit-

uations that exist in the wild.

THE problem of developing instru-

mentation to determine flight

speeds under more natural conditions

was presented to a number of engi-

neers. Consideration was given to a

variety of optical and electronic pos-

sibilities, but radar appeared to hold

the greatest promise. Orville Dunning,

an outstanding radar engineer and an

enthusiastic amateur ornithologist, un-

dertook the design and fabrication of

this unique equipment. The result was
a Doppler radar unit specifically engi-

neered to ascertain flight speeds. It was
delivered to the Museum's Kalbfleisch

Field Research Station at Huntington,

Long Island, where, as Resident Direc-

tor of that Station, I put the equipment

through some preliminary field tests.

Additional experience with the equip-

ment was gained with several species

of game birds in northwestern Florida.

The principle of the Doppler radar

unit is similar to that used in police

radars on our highways. Radar echoes

from moving targets are shifted in fre-

quency in a manner that is determined

by the target speed. By detecting this

shift, a direct measure of the target's

speed may be obtained. The radar unit

consists of five basic elements: (1) a

transmitter that provides a source of

one half watt of microwave energy at

9.600 megacycles per second; (2) a

transmitting antenna to direct and fo-

cus this energy on the bird in flight;

(3) a receiving antenna to collect the

Raiiak imi, )(hii-i'(I on hand-reliuisfd,

white-throated sparrow, transmits tone

ol Dojpplcr lr<^<|u(>n<y (o earphones and
measures speed on frequency counter.
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energy reflected from the bird; (4) a

mixer to mix the reflected energy with

a small sample of the transmitted ener-

gy; and (5 I a receiver to amplify and

measure the mixer's audible output

frequency—the Doppler frequency.

THE radar unit contains its own
storage batteries that, when fully

charged, are capable of operating the

set for about 30 minutes. Under nor-

mal field conditions, however, an ex-

ternal 12-volt automobile battery is

used as the power supply. When the

radar beam is pointed at a moving

bird, a tone is heard in the monitor

earphones. The pitch, or frequency, of

the tone (the Doppler frequency) is

an indication of the bird's speed. Slow-

moving targets produce low tones;

fast-moving targets produce high

tones. Associated with the receiver is

a frequency counter that measures the

Doppler frequency and presents it on

a "speed-meter," where the operator

may read the speed directly in miles

per hour. At the same time, both the

Doppler frequency and a voice com-

mentary are recorded on a battery-

operated tape recorder to provide a

permanent record of the field work.

The tape may subsequently be ana-

lyzed in the laboratory, where the

Doppler frequencies are converted into

miles per hour. One method of analysis

involves a sound spectrograph, which

has been rather widely used by biolo-

gists in recent years, especially in

studies of animal sounds and commu-

nication. It provides the investigator

with a pictorial record of sound— in

this case, of the Doppler frequencies

registered on the tape. Each record,

or sound spectrogram, illustrates the

tone in terms of pitch, or frequency,

(in cycles per second) and its dura-

tion in time. For our purposes, the fre-

quency can readily be converted into

miles per hour by dividing the number
of cycles per second by 28.5—a mathe-

matical constant expressing the rela-

tionship between frequency and flight

speed. Most of the Doppler frequencies

obtained from flying birds appear on

the sound spectrograms in the to 2

kc. range (0-2,000 cycles per second),

representing flight speeds up to ap-

proximately 70 miles per hour. It is

possible, however, to record and ana-

lyze even higher speeds.

The Doppler radar, like most scien-

tific instrumentation, has limitations

with which the operator must be thor-

oughly familiar to prevent the results

from being erroneous or misleading.

A Doppler frequency will be recorded

from a bird flying either toward or

away from the radar unit, but there

must be little, if any, deviation from

the "straightaway" or "straight-

toward" position. That is, for record-

ing accuracy, there must be no signifi-

cant angle of deviation between the

direction of the radar beam and the

direction of the target's flight. Fortu-

nately, the error between the "indi-

cated speed" and the "true speed" is

not significant, provided the angle of

deviation is not greater than 20 de-

grees. If the Doppler frequency sug-

gests a speed of 20 miles per hour for

a bird flying at a 20-degree angle to

the radar beam, the bird's actual flight

speed is 21.3 miles per hour. This error

is only slightly greater than that ob-

tained in laboratory conversions. All

of the sound spectrograms accompany-
ing this article were made from radar

echoes received with less than a 20-

degree angle of deviation. If, on the

other hand, a bird is flying at an indi-

cated speed of 20 miles per hour at an

angle of 40 degrees, its true speed is

actually 26.2 miles per hour. Fortu-

nately, should the operator be unable

to reduce the deviant angle below 20

degrees, the true speed can be deter-

mined mathematically from the indi-

cated speed, providing an estimate can

be made of the deviant angle.

Aaother limitation in this instru-

J^\_ mentation lies in the transcrip-

tion and analysis of the Doppler
frequency. The accuracy of the con-

version from frequency in cycles per

second to flight speed in miles per hour

depends upon the fidelity with which

the Doppler frequency is recorded on

magnetic tape and later reproduced for

analysis. The frequency of recorded

sound is governed directly by the speed

at which the tape moves across the

reproducing head of the recorder—

a

speed that can be highly variable ac-

cording to the specific instrument used

and to the condition of the batteries

tV^M'-^V^-J
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powering the field recorder. There is,

then, a very real problem in guard-

ing against misrepresentation result-

ing from changes in the speed of tape

transfer during playback and analysis.

A simple safeguard is for the operator

to record the tone of a pitch pipe at the

beginning of each field recording. In

effect, this places on the tape a known
frequency that can be used as a stand-

ard of reference. An "A" pitch pipe

was used in the field tests reported

here, affording a 440-cycle reference

point (plus harmonics)

,

A LTHOUGH portable in one sense, the

_£\_ Doppler radar unit is not mobile

enough to permit its indiscriminate

and extemporaneous use under field

conditions. This limited mobility, cou-

pled with the need to maintain a small

angle of deviation between the radar

beam and the direction of flight, re-

stricts the use of the unit to situations

where flight patterns are fairly predict-

able. In other words, it would be a

waste of time to establish a tracking

station in the field at random in the

hope that sooner or later a flight pat-

tern could be intercepted.

Preliminary field tests have shown
a number of situations in which Dopp-

ler radar holds particular promise for

obtaining more objective and accurate

flight speeds. In one of these, birds

were hand-released near the radar unit

and their straightaway flight was
tracked across an opening toward the

shelter of a wooded area. Birds banded

at the Kalbfleisch Field Research Sta-

tion were available for these compara-

tive studies, which made no pretext of

simulating a natural behavioral situa-

tion. All of the released birds react to

similar stimuli and follow similar

courses, thus providing an excellent

opportunity for documenting and com-

paring maximum flight speeds of a va-

riety of species as they dash for cover.

Wind speed and direction are readily

measured at this low level of flight, so

still another variable can be controlled.

The sound spectrograms on the op-

posite page were made from eleven

species of birds from a variety of habi-

tats, including woods, water, and shore,

and illustrate information that can be

gained from this field technique. Each

sound spectrogram portrays the radar

echo received during a brief segment

of a bird's flight (up to 2.4 seconds in

length) . A series of these graphs, made
at adjacent time intervals, record as

much of the echo as is needed to under-
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Dr. Lanyon, Assistant Curator in
the Ornithology Department, The
American Museum, is conducting
population studies of the resident
and migratory birds of Long Island.

stand each flight pattern and speed.

Most of the graphs reproduced here

are of maximum speeds. In each

graph, the fundamental frequency of

the radar echo is represented by the

lowest horizontal lines; the other lines

are its overtones. The vertical, or fre-

quency, scale is marked off in intervals

of 1,000 cycles per second, and has

been adjusted for accuracy according

to the 440-cycle frequency of the "A"
pitch pipe recorded before and after

each test. This standard reference fre-

quency and its overtones appear at

the beginning of each graph.

The maximum flight speed achieved

after release by a black-capped chick-

adee (Parus atricapillus ) was 17 miles

per hour. Its flight pattern is marked
by periodic bursts of wing activity,

which interrupt the otherwise steady

radar echo. Each of these periods of

activity results in a slight increase in

the bird's over-all speed—as much as

two miles per hour at one point. A
white-throated sparrow (Zonotricliia

albicollis) was able to reach a safe

perch within two seconds after release,

during which time it accelerated to a

top speed of 18 miles per hour. The
larger, more powerful blue jay (Cya-

nocitta cristata) reached a top speed

of 26 miles per hour before reaching

cover. Its wing activity is also regis-

tered on the graph.

The Doppler radar unit holds prom-

ise for determining the flight speeds

of upland game birds whenever flight

patterns can be predicted. Bobwhite

(Colinus virginianus) were success-

fully tracked in my preliminary field

tests with the aid of hunting dogs. Af-

ter the dogs had located a covey, and
while they held their point, the radar

equipment was moved into a strategic

position from which flushed individ-

uals could be tracked. Two bursts of

wing activity in the graph reproduced

here increased a bobwhite's speed to

45 miles per hour. It will surprise no

one who has hunted wild turkey (Me-

leagris gallopavo) that these large

birds, cumbersome as they may ap-

pear, are capable of respectable speeds.

A drove of over 30 birds baited into

a woodland clearing near Tallahassee,

Florida, afforded me a superb oppor-

tunity to select an individual with a

suitable radial flight, and it attained

a maximum speed of 32 miles per hour
after being flushed. Game farm pheas-

ants (Phasianus colchicus vaiiety) fly-

ing "under fire" at a private hunting
club provided still another situation

where this equipment could be con-

veniently used. The spectrogram in-

cluded here illustrates that portion of

the pheasant's flight at which rapid
wing activity ceases and the wings are

"set" for a prolonged glide into cover.

A maximum flight speed of 38 miles

per hour was reached at the begin-
ning of that particular glide. Most of

the pheasants tracked had top speeds
of from 40 to 45 miles per hour. The
maximum speed determined was 48
miles per hour. There was no ground
wind to complicate the upland game
bird recordings.

A lake shore or an ocean beach pro-

vides another location where the radar
unit can be used to good advantage.

Shore birds, gulls and terns, and wa-
terfowl can be tracked as they move
up and down the water's edge. The
herring gull (Larus argentatus) , whose
flight pattern is illustrated, maintained
a rather consistent speed of 29 miles

per hour in its leisurely patrol of a

beach on Long Island Sound. There
was a cross wind of less than five miles

per hour during this particular flight.

On other occasions, I was able to oper-

ate the equipment from blinds and
track wild ducks as they approached
or flew away from my vantage point.

In this manner, I recorded the radar

echo from a black duck (Anas rub-

ripes) as it came into the marsh for

the evening. The spectrogram shows
a deceleration from 55 to 44 miles per
hour within a brief lV2-second time

interval. The fastest bird tracked in the

tests was a ring-necked duck (Aythya
collaris) on its wintering ground in

Florida. The radar echo from this in-

dividual indicated a speed of 66 miles

per hour, which was attained in a cross

wind of eight miles per hour.

OBVIOUSLY, these preliminary tests

have only begun to reveal the

Doppler radar unit's potential to orni-

thologists, and there is certainly noth-

ing definitive about the findings re-

vealed here. But just as modern tech-

nology is now being used to document

the speed of vehicles on our highways,

it would appear that similar instru-

mentation has great possibilities for

eliminating the element of speculation

and conjecture in determining the

flight speed of many species of birds.
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Giraffe Movement

and the Neck
Unique structure facilitates the animal's changes of position

THic giraffe's long neck permits

the towering animal to browse on

the leaves of tall trees, which other

herbivores cannot reach, and also al-

lows the giraffe to spot enemies long

before they are visible to shorter crea-

tures. But my observations of giraffes

at Klaserie. in South Africa's eastern

Transvaal, indicate that besides these

obvious functions as lookout tower

and feeding adjunct, the animal's neck

is a powerful aid to locomotion and

fighting. It may propel the head in a

hammer-like blow, or it may help the

By Anne Innis Dagg

giraffe rise from a drinking or lying

position, and aid in the walk, gallop,

and jump. Yet despite its great length,

this neck has only seven vertebrae.

Each bone is very long, but the total

is the same as in other mammals.
When a cart horse drags a heavy

load, the animal thrusts its head and

neck forward at each step to help pull

the weight. The horse s neck also

moves forward and back slightly even

when the animal walks without a load,

as does the neck of the giraffe. Because

the giraffe's neck is so much longer

and its head rather heavier than the

horse's, the effect is much more pro-

nounced. This is especially true of the

eighteen-foot-high adult males, with

skulls that weigh considerably more
than those of the smaller females. It

is least true in young giraffes, the

necks of which are relatively half as

long as the adults'—about one-si.\th

the total height of the calf.

Although the rh)thmic neck move-

ments of horse and giraffe can be

roughly compared, the manner of

walking is dissimilar. The horse, like

Giraffes in wild, left and above, have lofty outlook on their

Burroundings. Long neck allows animal to browse at levels

beyond reach of shorter herbivores, to see far-off enemies,

and to perform various bodily movements most effectively.
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To DRINK, a giraffe spreads its forelegs

slightly, then bends the front knees and

most hoofed animals, moves its legs

alternately, the right hind leg touching

the ground just after the right foreleg

leaves the ground to begin its stride

forward. Often the timing is so close

that it seems the hind foot must step

on the forefoot. Meanwhile, the left

legs are completing the same move-

ments, but out of phase, so that the left

foreleg is in the air nearl)' at the same

time as the right hind leg.

The slowest walk of the giraffe re-

sembles that of the horse, with three

legs usually supporting the animal at

one time, but as the giraffe increases

its speed, the gait becomes a pace in

which the legs on either side move
forward together. The two ria:ht hoofs

lowers head and neck to water. Stance

renders the giraffe vulnerable to attack.

hit the ground at nearly the same time,

then the left legs move forward as a

pair. In the pace of both horse and

giraffe the sequence of footfalls is the

same—left hind, left fore, right hind,

right fore—but the horse's hoofs hit

the ground in regularly spaced beats,

while the giraffe s two left hoofs, and

later the two right hoofs, touch ground

almost together. In the pace, the gi-

raffe's weight is alternately supported

by the left legs and then by the right

legs during each stride, but the body's

great weight and inertia help the gi-

raffe retain its balance. The pace also

prevents the long, closely set legs from

interfering with each other, as they

might if the giraffe walked like the

horse: the giraffe's body is shorter

than the legs, whereas the horse's body
is nearly twice as long as the legs.

As the giraffe paces, its neck and

head move back and forth twice dur-

ing each stride. They reach their far-

thest point forward just before the

right legs touch the ground and again

just before the left pair is set down
Thus, the forward impulse of the neck

shifts the animal's center of gravity to

the front and aids the advance of the

body. As each pair of hoofs touches

the ground, the head is drawn back

again to decrease the giraffe's forward

momentum and to prepare for the next

frontal thrust of the neck.

THE neck movement is noticeabl

and it is easy to record if tracings

are made from a film of the profile of

a pacing giraffe. When the angle is

taken between the straight line of the

mane down the giraffe's neck and the

straight line of the back between the

hump at the base of the neck and the

rump, the angle can be plotted against

the number of the film frame or, in

other words, against time. Successive

movie frames illustrate the giraffe's

attitude at intervals of Vie of a second.

Such a graph of the neck-back angle

plotted against time forms a regular

wavy line. Two complete waves equal

one stride. The distance between Iwn

crests or two troughs of the wavy line

equals half a stride. The wavy line

reaches a crest when the neck is far-

thest forward: the angle between the

neck and the back is largest, and the

giraffe is about to set the two legs on

one side of its body, say the right side,

"'<*-'*?^*V^wHr

l;i-iM, if;(]M i.pkii mj i, (lonii in skifrc^ wiih lit-lp (if nerk.

.^lurliiig Ironi left, wilh neck erect, giraffe iiulls neck to

nar lo gain impetus, then raises Ixuly onto lorcknc<^ on

neck"s forward swing. Neck is brought back briefly, then
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the ground. Al ihe next crest llie

animal is in the same jjosition. with its

neck stretched forward after having

completed half a stride, but this time

the two left legs are about to be ]jut

down. Between the crests, the neck has

been drawn back as the animal begins

to move two legs forward, and thrust

forward as the legs complete the step.

Adult giraffes exercise little. They

wander among the scattered trees to

browse and they travel about once a

day to the nearest drinking water. The

young are more active. If alarmed or

stampeded, however, even adults will

break into a gallop. When they pace

at about ten miles an hour, a complete

stride takes approximately two sec-

onds. When they gallop at thirty-five

miles an hour, a stride takes only half

as long to complete, even though a full

gallop stride occurs between the two

crests on the graph. This is because

there are no separate right and left

phases, as in the pace.

In the gallop, the giraffe's legs come
together under the animal during each

stride. The animal pushes off from the

ground with the forelegs, moves
through the air with front and hind

legs spread apart, and lands first on its

hind legs. As the legs come together

beneath the animal, the hind legs touch

the ground slightly before the forelegs,

but no two hoofs touch simultaneously.

Thus, four separate impacts can be

distinguished for every stride.

The oscillation of the neck is even

greater in the gallop than in the pace.

The neck's forward motion ends as in

the pace—in time with the lunge of

the body and just before the hoofs hit

An alternate position for drinking is

shown by the giraffe at left. Forelegs

the ground. The neck arches back and

forth, its impetus pulling the body for-

ward during the frontal thrust.

NECK movement is particularly use-

ful when a giraffe begins to gal-

lop from a resting position. In some-

what less than half a second the neck-

back angle may increase from 115°

to 165°, with the giraffe's weight so

placed in respect to the forequarters

that the animal can plunge forward

instantly. Only a second or two after

standing still, the huge body is mov-

ing—a considerable feat for an animal

that weighs rather more than a ton.

Although giraffes and other game

once wandered freely on the African

remain straight as the animul spreads

them in series of spasmodic movements.

veld lands, farmers have begun to put

up cattle fences on their property. At

first the giraffes ignored them. If they

could not go around a fence they went

through it, scattering broken wires be-

hind them — to the indignation of the

farmers who allowed the giraffes to

stay on their land only on sufferance.

Within three or four years, however,

the giraffes, in South Africa and

Kenya at least, adapted to the fences.

They have learned to jump over them,

although the young are too small to

do so and occasionally an adult be-

comes confused. One female giraffe in

South Africa jumped over a fence with

the rest of the herd, leaving her new-

born behind. She paced along the fence

swung fo^^^J^(l ~liariily in rai^e liiiuliiuarlfrs o\t"r ihc n-ai

legs, ^itlulrjwing neck again and shifting weight from the

front leg^ allow? the giraffe to straighten them. The series

ends with the giraffe standing in a normal, stable stance.
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for at least sixteen hours, apparently

unable to rejoin her young, which wan-

dered into the bush veld and was not

seen again. It presumably starved.

However, most adults can pass over

a fence 4 feet 6 inches high even if a

hind foot catches briefly on the top

wire. To jump over a fence, the giraffe

first hoists its forefeet over the fence

together, pulling its neck — and there-

fore its weight — far back onto the hind

feet to do so. After it has regained its

balance, it moves forward with the

wire under its stomach and then brings

its hind legs over the fence, this time
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throwing the neck forward so that the

weight shifts entirely onto the forefeet.

Such jumps take about a second.

Overcoming fences is only one way
in which giraffes have adjusted to

civilization. They have also learned to

drink at cattle water troughs, which

some other game species will not do.

WHETHER drinking from a cattle

trough, a river, or a natural

water hole, the giraffe has difficulty

lowering its head to the water level.

The neck may be long, but so are the

legs, with the forelegs slightly longer

than the hind. In most other ungulates

the hind legs are the longer ones.

To drink, giraffes either spread their

straight forelegs farther and farther

apart in jerks as they lower the head,

or spread the forelegs somewhat and

then bend the foreknees to reach the

water. Either stance is ungainly, and

renders the giraffe helpless if a lion

should choose such a time to attack —
as often happens.

Perhaps in compensation for this

vulnerability, the giraffe can regain an

upright position in the surprisingly

short time of one second by snapping



Co-ordinates on graph relate neck-back angle of a paring

giraffe to intervals of time. Sketches showing the relative

positions of feet, neck, and back at key points in stride

are numbered to correspond to positions plotted on graph.

^IMF

11^^^ ^iir

Giraffe movements in gallop are shown below motions in

the pace to permit comparison. A pacing giraffe advances

by moving left legs forward together, then the right legs.

In gallop, legs are bunched under the animal, then spread.

its neck back and simultaneously

straightening and pulling the forelegs

under it. Some early physiologists pre-

dicted that a giraffe would faint if it

did not raise its head slowly and gently

from the drinking position, giving the

circulation of blood to the brain ade-

quate time to adapt to the changing

level of the head. It is known now that

the giraffe's circulatory system is too

well equipped with valves in the arter-

ies and veins, specially adapted vessel

walls, reservoirs for blood in the head,

and alternate blood routes to the brain

to be upset by changes in head level

and. therefore, in blood pressure, no

matter how sudden the movements.

Even more difficult for the giraffe

than rising from a drinking position

is getting up after lying down—an
attitude in which most giraffes sleep

during the night and many rest during

the day. If a giraffe falls into a deep

sleep it lays its neck along its back with

its head nestled on its flank, but such

sleep lasts for only four or five minutes

at a time, totaling about half an hour

a day. During most periods of lying

down, the giraffe's head and neck are

upright. In captivity some also sleep

brieflv with their necks and heads

stretched flat on the ground. However,

I know of no giraffes observed in this

position in the wild, except for two

males knocked unconscious during one

of the frequent head-hitting encounters

in which male giraffes indulge.

Even a giraffe lying with head and

neck erect must exert considerable

effort to rise. First the animal throws

its neck backward to gain impetus. It

then hoists itself onto the foreknees

while the neck swings forward. It holds

this awkward stance for nearly a sec-

ond to regain equilibrium, then swings
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Mrs. Uacc observed and filmed wild
giraffes near Kruger National Park
in the Union of South Africa during
1956 and 1957. She is now studying
at the School of Graduate Studies
of Canada's University of Waterloo.

Legs straight and spread apart, as

in a drinking posture, small giraffe,

right, grazes with herd. Animal near

it bends front knees to reach ground.

A-
IVeck propels head in a hammer-like
blow as two giraffes fight. Such contests

the neck slightly backward and vig-

orously forward to raise the rear

quarters over the hind feet. The animal

then pauses about a second while sta-

bilizing itself. The neck is drawn well

back again, removing weight from the

forelegs. Now the giraffe can shift from
kneeling to standing on the forelegs.

PERHAPS the most spectacular use

of the neck occurs in the giraffes'

head-hitting bouts. These contests be-

tween bulls are so frequent that the
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occur so frequently that hair is worn
from horns of all but youngest males.

hair is worn off the horns of all but the

youngest males, a characteristic that

makes identifying a wild giraffe's sex

very easy. The more serious fights are

usually between two adult bulls, but

they may include a third male or even

a baby giraffe on occasion.

I watched one battle from a car

parked sixty yards from the two oppo-

nents. At first they stood side by side,

looking straight ahead. Occasionally

one bent its head toward the ground,

as if bowing: then the other male

bowed, too, keeping its head oppositi

that of the first giraffe. Suddenly tb

first rnale brought its head back anc

sideways a short distance and thet

whipped it with terrific force, horn:

leading, at the belly of the seconc

giraffe. The giraffe tried to dodge the

blow by stepping aside, but was nol

quick enough. I could hear the impaci

clearly. The second giraffe retaliatec

by aiming a head blow at the other

legs; although the animal nearly

missed, its horns just caught the oppo
nent's foreleg under the knee, knocking

it out from under the giraffe. Then the

first giraffe made a wild lunge at the

other. It missed entirely this time. The

return blow by the second giraffe was

meant to be an uppercut, but the first

male raised its nose very high, with

neck arched back, so the rap merely

glanced off the elevated chin.

AFTER a short exchange of hits and

misses, the bulls shoved each
other with their bodies. One managed
to push the other against a tree before

dodging behind it. Then they circled

round the tree, striking at each other's

flanks when the opportunity arose. Af-

ter ten such circuits, one male walked

over to a bush. The other followed and
the two butted against each other with

their heads; then they rubbed their

necks together. Soon one began to feed

at a bush while being lightly pounded
by the other animal; presently they

were browsing in apparent peace.

Such encounters occur daily, wheth-

er or not females are present to inciti'

the males. Occasionally one opponeni

may be knocked unconscious or be c ul

so badly that it bleeds, but despite

the heavy heads and sturdy horns of

the males, and the terrific speed with

which the long neck can propel the

head, such casualties are rare.

It is evident that the giraffe uses its

neck mechanically to a great extent.

The long neck not only enables the

giraffe to browse more selectively and
to watch more easily for predators, but

it also is a necessary part of the ani-

mal's over-all locomotor mechanism.

Long reach of adult nuzzling young
demonstrates additional use for neck.

I
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SKY REPORTER
Radio astronomy proved that earth is part of a spiral galaxy

By SiMONE Daro Gossner

WHEN John Hersciiel went to the Cape of Good Hope
in 1834 to extend to the Southern Hemisphere the

studies of nebulae undertaken by his father, he was awed
by the beauty of its rich Milky Way fields. The nebula sur-

rounding the star that now bears the name Eta Carinae (see

photograph at lejl ) caught his eye particularly because of

its proximity not only to dense star fields, but also to some
of the most intensely black regions of obscuring dust.

Carina (the Keel), along with Vela (the Sails), Puppis

the Stern I , and Pyxis ( the Compass I , is a modern sub-

di\ ision of the enormous constellation of Argo. A familiar

;ight to the ancient Greeks who had named it for Jason's

?hip, Argo receded gradually into the southern heavens

because of the continuous displacement of the equinoxes

Natural History, January, 1962 ) . Now only the constel-

lations northernmost stars may be seen, barely rising

above the southern horizon at our latitudes.

The nebula around Eta Carinae was first observed and

catalogued by Abbe Nicolas de Lacaille in 1752. However,

the cumbersome system of designations that he adopted in

his catalogue proved so impractical that it was little used

and was soon forgotten. It required enthusiastic descrip-

tion by John Herschel to bring Eta Carinae once again to

the attention of astronomers. The nebula, a vast cloud of

luminous gas streaked by lanes of dense obscuring dust, lies

about 4,000 light-years away in one of the inner spiral

arms that coil around the nucleus of the Milky Way.
Until a decade ago, any reference to the spiral structure

of our own Galaxy would have been voiced with some hesi-

tation. At the end of 1924, Edwin Hubble, of the Mt. Wilson

Observatory, proved conclusively that the sky objects we
now call galaxies were indeed "island universes," vast star

systems at almost inconceivable distances. Ever since that

time, there has been no doubt in any astronomer's mind
that our own star system is an island universe in its own
right. Unfortunately, galaxies vary so much in shape—ellip-

ticals, spirals, barred spirals, irregulars—that it had not

been possible to tell with certainty the category to which

our system belongs. Being embedded in it, we see our star

system outlined on the celestial sphere as the belt we call

the Milky Way. H by some feat of levitation we could have

transported ourselves to a distance of. let us say, 200.000

light-years, we would have had a good outside view, and

the problem would have been solved immediateh . But

earthbound astronomers had to rely at first on compari-

sons, deductions, and educated guesses.

As galaxies were studied in greater detail, it became ap-

parent that certain features were common only to galaxies

of a given type. Ellipticals appeared entirely devoid of

interstellar gas and obscuring dust: hot blue stars seemed

absent, too. On the other hand, bright gaseous nebulae,

dust lanes, and hot stars were detected in abundance in the

whirling arms of nearby spirals such as the Great Galaxy

in Andromeda. It was cautiouslv concluded that the Milkv

Way was also a spiral, probably similar to Andromeda,
because the two had so many features in common.
The first breakthrough in demonstrating the spiral na-

ture of our home Galaxy occurred in 19.51 when W. W.
Morgan, of the Yerkes Observatory, plotted the space posi-

tions of a number of hot blue stars in our system. He had

chosen those particular stars because they were of a kind

found exclusively in the spiral arms of other galaxies. The
graph showed unmistakably the characteristic curvature of

two parallel segments of a spiral. The segments were short

and the graph looked dull, but astronomers had been given

the first shred of evidence that their theories were correct.

There was little hope that additional corroborative data

could be obtained by observing with optical telescopes,

because individual stars in our Galaxy are visible to a dis-

tance of only a few thousand light-years. Beyond that, they

are hidden from view b\ intervening dust. However, the

few years that followed Morgan's discovery saw the spec-

tacular development of radio astronomy, with radio tele-

scopes that can observe radiation in wave lengths that are

not blocked by interstellar clouds. By observing the radia-

tion of neutral hydrogen, which occurs in great abundance

in spiral arms, radio astronomers were able to draw a

detailed map of about five-sixths of our Galaxy. The spiral

structure of the Milky Way ceased to be a matter of specu-

lation and became an indisputable reality.

A
spiral galaxy has a well-defined nucleus of bright,

tightly packed stars. When viewed edge-on. the nucleus

forms a noticeable bulge in the otherwise flat disk of the

galaxy. No such feature could be found in the Milk\ Way
by ordinary optical and photographic means. Yet astrono-

mers had noted that the southern Milky Way exhibits much
denser star fields than its northern counterpart. Tracing it

from Monoceros through Puppis. Vela, Carina. Crux.

Centaurus, Norma, Scorpius, Sagittarius, and Scutum, the

astronomers were struck particularly by the steep rise in

stellar density that they observed in Sagittarius. If the

Milky Way had a nucleus, it had to lie in that direction.

Although hidden from view by intervening gas and dust

clouds, and thus invisible when using conventional viewing

means, the nucleus had to yield to two of astronomv s mod-
ern methods of observation: the radio telescope and infra-

red photography. In both instances, the observed radiation

is of such low frequency—that is. long wave lengths—that

it travels unhampered through the obscuring medium.
Infrared photographs of the Sagittarius region, taken with

a wide-angle camera, look strikingly like the central regions

of some edge-on galaxies, nucleus bulge included. Radio
observations similarlv recorded the nucleus radiation.

The dissimilarity between the southern and northern

Milkv Way is attributable mainly to the solar svstem's

great distance from the center of our Galaxy. The northern

^lilky Way shows principally its thinner, outer spiral arms.
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THE SKY IN AUGUST AND SEPTEMBER

From the Almanac:

First Quarter

Full Moon
Last Quarter

New Moon
First Quarter

Full Moon
Last Quarter

New Moon
The sun will cross

EST. and autumn wi

August 8, 10:55 a.m., EST
August 15. 3:10 p.m., EST
August 22, 5:27 a.m., EST
August 29, 10:09 p.m., EST

September 7, 1 :45 a.m., EST
September 13. 11 :12 P.M.^ EST
September 20, 2:36 P.M., EST
September 28. 2 :40 p.m., EST

the equinox September 23, 7:35 A.M.,

11 begin in the Northern Hemisphere.

For the visual observer:

Mercury, in the evening sky, will be too close to the sun

to be seen in early August. It will remain unfavorably

placed during the rest of that month, setting 45 minutes

after sunset on August 15, and one hour after on August

31. It will reach its greatest eastern elongation on Septem-

ber 10, but it may be difficult to see, as it is so low above

the western horizon. The planet will set 45 minutes after the

sun on September 15, and at sunset by the end of September.

Venus, also in the evening sky, will be conspicuous above

the western horizon right after sunset in August and Sep-

tember. It will set about two hours after the sun on August

1, one hour and 45 minutes after on August 15, 90 minutes

after on September 1, and 90 minutes after on September

30. The planet will be at its greatest eastern elongation

(46° ) on September 3. Brightness will increase from —3.8

magnitude in August to —4.1 by mid-September.

Mars, in Gemini (-1-1.2 magnitude), will rise in the

northeast at 1 :00 A.M., local standard time, August 1, 12:30

A.M. on August 15, midnight on September 15, and 11:45

p.m. on September 30. By the end of September, it will be

nearly overhead by sunrise. On September 30, Mars will

pass 6° S. of the star Pollux and should be found easily.

Jupiter, in Aquarius (—2.4 magnitude), will rise about

90 minutes after sunset on August 1, 45 minutes after on

August 15, and at sunset on August 31. It will remain vis-

ible all night during that month. In September, Jupiter will

have risen by sunset and will set at sunrise on September 1,

75 minutes before sunrise on September 15, and at about

3 :00 A.M., local standard time, on September 30.

Saturn, in Capricornus, will have risen by sunset and
will set at sunrise on August 1, 90 minutes before sunrise

on August 15, at about 3:00 a.m., local standard time,

September 1, 2:00 a.m. on September 15, and 12:45 A.M.

September 30. Its brightness will decrease slightly from
-1-0.4 magnitude in August to -1-0.6 in September.

The Perseid meteors, belonging to the most favorable

shower of the year, will reach maximum frequency on
August 12. Usually they can be seen for about a week be-

fore and after that date. Although a few Perseids may be

expected in the early evening hours, they are considerably

more frequent after midnight. Under the most favorable

conditions, as many as 50 meteors per hour may appear to

a single observer when the shower is at its maximum. This
year the maximum will occur three days before full moon,
and the fainter meteors may escape detection.

The penumbral eclipse of the moon, on August 15, will

not be visible to observers situated in the United States.

On ihf preceding pages. Mns. Goss^ER offers tlie seventfi
iirtir)e in her \')(,2 series— a survey of the relestial spliere.
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MAGNITUDE SCALE

rfj(. —0.1 and brighter

* 0.0 to +0.9

it +1.0 to +1.9

+2.0 to +2.9

+ +3.0 to +3.9

• +4.0 and faini

_ 910d

^
^ CAPRICORNUS# September 10

^^ ^SATURN .''+--*-

^t^^:

TIMETABLE

August 1 Midnight

August 15 11:00 P.M.

ber 1 10:00 p.m.

ber15 9:00 p.m.

September 30 8:00 p.m.

(Local Standard Time)
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Japanese beetle larva's slender sense organs are seen in

front view, above. Grub uses mandibles beneath its shiny

upper lip to sever roots. In view, opposite, ingested soil

renders outer edge of abdominal segments nearly invisible.

MULTIPLYING MIGRANT
Japanese beetle thrives despite attempts to eradicate it^

THE Jai'AiNESe beetle, in its larval and adult stages,

destroys millions of dollars in plants annually in the

United Stales. The voracious adult beetle tears and eats

leaf tissue, fruits, and vegetables with the aid of two lat-

erally attached mandibles. During the summer months, the

female burrows just under the surface of the soil to lay its

eggs, from which the destructive larvae emerge in about

14 to 21 days. The larva, or grub, uses its mandibles to

sever plant roots in its subterranean environment and
forces the segments into its alimentary system. The grub
works its way deeper into the soil, where it winters, returns

almost to the surface for a week or so in the spring to pupate,

S6

and finally emerges from the ground as an adult beetle.

In 1916, several specimens of this handsome and then

unfamiliar insect were found in a New Jersey plant nursery.

Identified as the Japanese beetle, Popillia japonica New-
man, it was thought to have been brought to the United

States on plant roots about 1912. Natural predators kept

the green and bronze menace under control in Japan, but

in the United States it had no effective enemies and mul-

tiplied rapidly. Despite Federal quarantines on interstate

movement of materials by which the insect might be trans-

ported, it has spread from the eastern states, where it was
first found, to states in the south and west to the Pacific.
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GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE-UP

See the Stars. Moon. Planets Close Up!

3" ASTRONOMICAL REFLECTING TELESCOPE

planet filars. hi

^ters on ihe Moon. Equa -

rial mount with lock on botli

:e&. Aluminized and over-

ated 3" diameter high-speed

ted Barlow Len
I Finder Telescope

liided. H
Opt

FREE
aluable STAU CHART

.iiKC "UANDnOOK OF HEAVENS" plus "HOW TO
USE VOrU TELESlOi'E' BOOK.
Stock No. 85.050-E S29.95 Postpaid

4V4" Astronomical Reflector Telescope!
2.'5 Power. New Vibration-Free Metal Pedestal Mount.
Stock No. 85.t05-E $79.50 F.O.B.

'FISH' WITH A MAGNET
Go Treasure Hunting On The Bottom ^
Great ideal Fascin fun and

ndously profitable! Tie a line

-lb. Magnet—drop it overboard
TroU it along

haul can be outboard 1

chors. fishing tackle, all binds of metal valuable;
5-lb. Magnet is war surplus—Alnico V Type—Gov
J50. Lifts over 125 lbs. On land—much greatei

under water. Order now and try this new sport.

Stock No. 70.571-E 5-lb. Magnet $12.50 Postpaid

MINIATURE WATER PUMP
Wonderful for experiments, miniature water-
falls, fountains, HO eage railroad backdrops,
etc. Tiny (2%" s l9i") electric motor and pump
ideal for hobbyists, labs, schools. Pumps con-

water at rate of one pint ptr
head. With 2 D Batteries in

series will pump to 24" high. Runs 48 hrs. on battery.
Works in either direction. Self-priming.

Stock No. 50,345-E $2.25 Postpaid

MAGNASTIKS-FASCINATING WAY TO
BUILD YOUR ''DREAM CASTLES"

Build anything from A to Z with these
magnetized, hold-fast pieces. Infinite va-
riety of objects, animals, forms possible.
Set contains four IW s 1-1/16" mag-
netic plates; 1" current separators to
short-out"; %". 1" 1%" and 2" bars:
s" cubes: V*" balls; V2", %" and 1"
id IVz" rectangles. Also a "Maggie-Rod"
small pieces, booklet on wonders of mag-

building suggestions and directions.

Stock No. 70,557-E $4.95 Postpaid

NEW EDMUND STAR FINDER
With this precision made metal instru-
ment, any observer can quickly locate and
identify any charted visible star. The
view is erect, same size, same brightness.

prevent plati
9/16" discs
triangles; 1"

(or picking up

SCIENCE TREASURE CHESTS
For Boys — Girls — Adults!

ience Treasure Chest — Extra-powerful
Bnets, polarizing filters, compass, one-
y mirror film, prism, diffraction grating,
J lots of other Items for hundreds of
llling experiments, plus a Ten-Lens Kit
' making telescopes, microscopes, etc.
II instructions included.

70.342- E $5.00 Postpaid"" " -"-•' - $10.00 PostpaidStock No. 70.343-E .

Visit and See the Famous

EDMUND RAINBOW SHOWPLACE
SEATTLE WORLD'S FAIR

April 21 to October 21

BIRDWATCHERS SEE WITHOUT
BEING SEEN

. Now Scienti-
: film at

of the)

3 cut down light transmission 70% as
pared to 50% or less for the mirrors,
e useful. For example: you can bufld a

nnp Bide of your house next
to a window. Fasten a picre nf this

you'll be able to watch the birds from

Stock No. 70.326.E a sheet 21" x 36",,

' the

in 1 Combination.' Pocket-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

Useful Telescope and Microscope combined

ported I No iarper than a fountain pen.

Telescope is 10 Power. Microscope magni-
fies 50 Times. Sharp focus at any range.

Handy tor sports, looking at small objects.

jii = t plain snoopins-

Order Stock No. 30.059-E $4.50 ppd.

Exciting New Low-Cost MOON MODEL
An Outer-Space

Conversation Piece
Exact replica in relief, with 30,000
formations for study—peaks, era-
ters, the 2-millior -square-ra In

Ocean of Storms, e c. Formatii
scalec to size. Dis ance relatu 1-

ships held to narro V margins. A
valuable teaching i .d and out
space display for mu seums and )•

stitutions. With proper lighting It

'black light" produc es spectacular
effects! Made of tough, washable plastic in three
can be marked without damage. Reverse side is blank to

provide room for present and future space data. Wonderful
gift for amateur astronomers and space enthusiasts. Excit-
ing conversation piece for living room or den. 12" diam.,
wt. % lb. Priced remarkably low.

Stock it70,5l5-E $12.50 Pstpd.

NEW BINOCULAR.TO-CAMERA HOLDER
For Exciting Telephoto Pictures

Will fit any camera
Bring distant objects 7 times
nearer with a 35mm. camera,
7x50 binocular and our NEW
BLNOCLLAR - TO - CAM-
EKA HOLDER. Meal for long-
range shots of wild life, flying

and
iilars attach
)inocular nr r

ily.

Stock No. 70.223-E $11.50 postpaid

AGES-OLD FOSSIL COLLECTIONS
ears old I 3 full

al fossils
EARTH SClEiNTIbf

r bone, crinoid stem
^orm tubes, petrified

Millions of

30 fantastic
—all for $3,

SET: Dino;

wood, bryozoa sn
scallop, sea urchin, oyster clam
snail fossil. CARBOMFEROL *^

SET: Brachipod. worm burl crinoid
horn _coraI, bryozoan. snail and clam

bipod, oyster, sea urchin, perti-
ets for one low price!

Slock No. 50.344-E $3.75 Postpaid

Special Reduced Price for '62!

LIFE SIZE VISIBLE HUMAN HEAD
Precise, full color, take-apart model

Study the most complex organ easily, inex-
pensively. Ideal for student, hobbyist, profes-
sional. You will be amazed at the detail.
Molded from actual human skull. Eyes, ears, ,ir- ^^
and teeth easily removed and disassembled for i

-^" ^ -

complete study. Entire brain, spinal cord and
organs of mouth and throat presented in vivid
detail. Amazingly low price—conforms to rigid
laboratory standards. IG-page fully illustrated
rnediral handbook included.
Stock No. 70.447-E $8.95 Postpaid

OTHER VISIBLE TAKE-APART MODELS
Stock No. 70.470-E Heart $3.00 Pstpd
Stock No. 70.228-E Man $4.98 Pstpd,
"'

' " " " '" $4.98 Pstpd.

%^»k

Stock No. 70,283.E Wo

BUILD A SOLAR ENERGY FURNACE
fascinating new field. Build your own Solar

urnace for experimentation—many practical
les. Easy! Inexpensive! Use scrap-wood! We
irnish instructions. This sun powered furnace
ill generate terrific heat—2000'^ to 3000".
I to metal. Sets paper aflame In seconds. Use

I Lens— 14" diameter . . . (.1. 14''.

70,130-E. Fresnel Lens $6.00 Postpaid
F.L. 19"

$4.75 Postpaid70,533-

E

WAR SURPLUS! American<Mad<

7x50 BINOCULARS

optical element is coated,
cellent night giass — the
omniended for satellite
Individual eye focus. Exit pupil
7 mm. Approi. field at 1.000 yds.
Is 376 ft. Carrying case Included

Ily cost $274.50. Our
money

Stock No. 1544-E only $74.80 pstpd. (tax in
6 X 30 Binoculars—similar to above and a terrific

'

Stock No. 963-E $33.00 pstpd. (Tax 1

50-150-300 POWER MICROSCOPE

The color-corrected, cemented achromatii
Icnbes in the objectives give you fai

superior results to the single lenses found
in the microscopes selling in this range.
Re-ults are worth the diflferencel Fine
rack and pinion focusing.

Stock No. 70,008-E $14.95 Pstpd.

MOUNTED 500 POWER OBJECTIVE

. . . Threaded for easy attachment on
above microscope. Achromatic lenses for
fine viewing. 3 mm. focal length.

Stock No. 30,197-E $5.00 pstpd.

^^̂ THE WORLD
:4^^<^'jt-^5^ OF DINOSAURS

ONE HUNDRED MILLION YEARS AGO
In this set of monsters—the dinosaurs that ruled the earth
lOO.OOO.OuO years ago—you get 45 realistic models molded
from unbreakable plastic. Collection includes the bronto-
saurus. dimetrodon. and others from the earlier species:
the tyrannosaurus and many more from the final eons of
dinosaur rule. Fascinating study for young and old; also
novel as off-beat decorations. Average size approximately
4" high. Kit includes ferns, trees, caves and other areas
of terrain plus an exciting booklet Prehistoric Animals.

Stock No. 70,473. E $4.95 Postpaid

Stock No. 70,471-E OeLuxe Set of 8 $10.00 Postpaid

BLACK LIGHT MAGIC-GLOW KIT
S| ., With this Kit. you can collect fluores-m 2^ t^P"^ '°^^^' Pa'"t "ith living light.

r % write secret messages, learn invisible

1^ detection methods, even make a fluor-

escent Christmas tree! Kit uses long-
wave blacklight. which is completely

^ harmless to eyes, but causes fluores-

"^J^ *_^ cence in over 3.000 substances. In-

cludes Magic Glow Lamp, universal

[or> lamp stand, invisible water paints and ink,

cent crayon, tracer powder, pen. 3 brushes, specimens
wernerlte from Canada, fiuorite from
from U.S.A. Plus book of 40 experl-

Stock No 70.256-E $11.95 postpaid

CRYSTAL GROWING KIT

leif. Kit includes the book "Cryi-
x*r^ ^i?'~3R' 'als and Crystal Growing" and a gen*

kijtr} ^^ ^ erous supply of the chemicals you
^i»—

'

need to grow large display crystals of
potassium aluminum sulfate (clear),

potassium chromium sulfate (purple), potassium sodium
tartrate tclearf. nickel sulfate hexahydrate (blue green) or
heptahydrate (green), potassium ferricyanlde (red), and
copper acetate (blue green).
Stock No. 70.336-E $9.50 Postpaid

I 1^ EDMUND / WJSk I

STEREO MICROSCOPE -TERRIFIC BUY!
23 and 40 Power!

Huge

parts i

SCIENTIFIC CO.

Barrington, New Jersey

Pages! Over 1000 Bargains!

rplus optical instn

Cp to 3" working distance. Erect Image—wide
;j-dimonsional field. Helical rack and pinion fo- scopes, science experin
cuslng. So good we offer 10-DAY TRIAL. ..com- 'earning and teaching

plcle satlBlactlon or your money back. Order—
liame

Slock No. 85.056-E. Full price $99.50

F.O.B. Barrington. N. J.
^'"'""

Telescopes.

ent items, m
lids. Request Catalog- E,

0«Df« BY STOCK NUMBIK . SfNO CNfCK 0« MONtY ORDtR . SATISrACTION GUAKANTltDI

EDMUND SCIENTIFIC CO.# barrington, new jersey



Nature and the camera
ixposure choice is a

;reative decision

Jy David Linton

ROM TIME TO TIME this Column turns

from the applications of photogra-

)hy in nature study to consideration of

(holographic fundamentals. This month

ve will discuss the process by which the

mage formed in the camera (see article

in focus. N'^Ti R\L History. November.

960) is translated into a corresponding.

)ut not identical, image on film.

Exposure is the most convenient name
or the process. It involves much more

han simply deciding how to set the cam-

;ra"s controls. Properly used, exposure

s one of the tools the photographer has

o make the pictures say what he wants

ay. We have only to think of terms

like somber, gray. dull, and shadowy, or

bright, sunny, sparkling, and luminous

10 realize the emotional connotations of

ight. In photographs, the rendering of

light is controlled by exposure.

This is not to say that a dull, dark

scene can be made to look scintillating

by proper choice of exposure. There are

limits. But the appearance of light in

photographs, and with it the mood, is

subject to more control through exposure

than most photographers realize. There is

no such thing as the correct exposure for

a picture—there may be many different

exposures that will yield an acceptable

print without too much manipulation

during printing. The choice of one or an-

other is part of the creative process and

is not a technical matter at all. But the

photographer must understand the tech-

nical process in order to use it creatively.

All the colors and degrees of bright-

ness in the original camera image are

recorded on film in the same form—as

lesser or greater concentrations of silver

grains, which render the film more or

less transparent after it is developed and
fixed. This is true even if the film is color

film, because color film does not record

images in color. It records a set of three

black-and-white images, one on top of

the other, corresponding with reasonable

accuracy to different parts of the spec-

trum in the original scene. The color is

reconstructed later in processing. Even

with films that yield positive transparen-

cies the original images are black-and-

white negatives, and the processing not

only adds color but also converts the

negative images to positives. All films

respond in fundamentally the same way
when they are exposed.

MODERN' films (except those designed

for special purposes) have consid-

erable latitude. That is, they will produce

acceptable images from a fairly wide

range of exposures. The images are not

identical, however. The image produced

by a generous exposure does not look the

same as the image produced by a scant

exposure, even though both may be print-

able. The reason is that the response of

films to light is not linear. There is no

direct and uniform relation between the

amount of light falling at one point on

the film and the resulting density of sil-

ver. The relation is fairly uniform within

certain limits, but beyond those limits

the film cannot follow. The mathematical

expression of the relation is a response

curve (below) that has a straight portion

in the middle and a curve at each end.

The upper curve is called the shoulder,

the lower curve is called the toe. Only

exposures falling on the straight part of

0—TONE RANGE OF SUBJECT-

Response Curve shows exposure's relation

to density of negative. Only exposures on
straight portion of curve will reproduce

accurately the appearance of the subject.

PICK YOUR
DAISIES
WITH A

HONEYWELL
PENTAX!

Daisies have no apparent pref-
erence in the choice of a photog-
rapher or his equipment. Yet the
quality offlower photography being
done with the Honeywell Pentax
suggests that the daisies themselves
are cooperating in this effort to
record nature's beauty.

The Pentax is a single lens re-

flex camera. You view your subject
directly through the taking lens.

You focus exactly— compose exact-
ly— select a depth-of-field treat-
ment exactly according to your
creative desire.

The Pentax has been selected
for field use by naturalists every-
where because it is a precision in-

strument of highest quality manu-
facture. Yet its price is modest. The
H-1 with 55mm, semi-automatic
f 2.2 lens and speeds to 1 500th
second is $149.50. The H-3, with
speeds to 1 1000th second and com-
pletely automatic, 55 mm, f 1.8

lens, is $199.50.

Write for illustrated brochure to

Herb Willis, Mail Station 209,
- Honeywell,

^Sijnf
f JiA- Heiland Division,

Denier 10,

Colorado

Honeyivell
HI puts'TWuite
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Warm, bright mood of beach scene at Cannes derives from short

tone scale comprising many light tones and almost no deep black.

the response curve will be reproduced

accurately. This is not necessarily a dis-

advantage, because the finished product

—a photographic print, transparency, or

a printed page—usually has much less

range from light to dark than has the

original scene, and all the tones of the

original must in some manner be com-

60

pressed into the range of the final pic-

ture. The range of the film is usually less

than the brightness range of the subject,

but greater than the range of the paper

print. Thus, there is a two-stage com-

pression of the tonal range from scene

to negative and again from negative to

print. The extent of compression, and

David Linton's by-line has appeared
under photographs in all the nation's
leading magazines. His camera column
is a regular feature on these pages.

also the region (highlight or shadow
where most of the squeezing occurs, can
be controlled by proper selection of e.x

posure and development.

The human eye and mind ran accept

an enormous range of light intensitie:

far more than any film can record. The
photographer must allow for this in se

lecting his exposure. He must recognize

that if he photographs a scene in whicl

the sun sparkles on the surface of a

stream running through a dark forest

no film can preserve as much detail in

both the bright reflections and the dark

shadows as the eye can see. The photog-

rapher must choose to emphasize one or

the other, or sacrifice some of each.

Occasionally a subject has a shorter

range of tones than is needed to produce

a normal print. In that case, exposure

and development are altered to expand,

instead of compress, the tone range.

OLD-TIME photographers used to pride

themselves on their ability to guess

correct exposures. They generally

worked under fairly uniform conditions,

however, and used only one or two kinds

of film. A light meter is absolutely indis-

pensable for the wide range of materials

and picture-taking conditions encoun-

tered today. But the old-timers' judg-

ment is not obsolete; it is still needed to

interpret the meter readings.

Light meters used for ordinary picture

taking are all of the integrating type,

which means that the reading they give

is an over-all, average intensity for all

the light coming from the area they

cover. The better meters usually cover

an angle (called the angle of accept-

ance I roughly equal to the coverage of

a normal focal length lens. Such a meter

will give a workable exposure for a large

proportion of pictures if it is simply

pointed at the subject. It is more helpful,

however, if it is used at close range to

measure the lightest and darkest parts

of the subject. The photographer can

then determine the best intermediate

exposure for that particular picture.

One type of integrating meter is called

an incident light meter because it meas-

ures the light falling on the subject, in-

stead of the light reflected by it. To base

exposures on this information, the meter

assumes an average reflectance for the

subject, just as the reflected light meter

assumes an average distribution of light.

However, the incident light meter can-

not be used to measure the lightest and

darkest parts of the picture, and fre-

quently it cannot be used to measure the

light falling on the subject, either, be-

cause the subject is not accessible—

a



Predominant dark tones and absence of bright highlights lend a

somber quality to photo of smugglers off island of Saint Pierre.

mountain in the distance, for example.

jMeters that are built into the camera

are not a good choice. The whole camera

must be moved to take readings at differ-

ent points, and the small size imposed on

sucli meters limits their sensitivity.

\'i henever the meter cannot read the

subject directly, it can be used to read

something else of about the same color

and brightness as the subject. The pho-

tographer's hand is often used as a sub-

stitute for a person's face.

A
VERAGE, over-all meter readings are

particularly unreliable where there

great difference in brightness be-

tween subject and background. A skier

seen against a snow-covered hillside, or

a sunlit wildflower in a dark forest will

not be properly exposed if exposure is

based on an average reading. Similarly,

although it is less apparent to the eye,

the sky on an overcast day is many times

brighter than any object on the ground.

6i



SPECIMENS TAKE ON

A NEW LIGHT WHEN

SEEN THROUGH

THE ILLUMINATED

10X CODDINGTON
^) MAGNIFIER

Bausch & Lomb's Illuminated
Magnifier permits you to examine
specimens under illumination at

ten times their actual size... and it's

as convenient as carrying a pencil.

This lightweight magnifier is oper-

ated with penlight batteries and is

equipped with a pen clip. Priced

at just $7.50 (without batteries).

For information on all magnifiers

just write Bausch & Lomb, 993
Lomb Park, Rochester 2,New York.w

BAUSCH & LOMBW
Brilliantly Designed

20X, to SOX, 60mm

, „,t advanced
spotting

VJor>d's
most aav

^.,,5 pro-

scope.HighWsP?-^ 3,,;,,agnif.-

,ide
contmooo IV V

^^,,,,

cation to 50 powej
^^^^^^ ^t^dy

everv P"fP°^^
/'To tt.) to target

(,;ose focuses ^^^,„„^ical

spotting, ^r^'^^l^^.ng.^^^^^'^'-

Maptabletoruse ,

^.^^ ^^^^i_

pods.
Length

^^;;j' dealers name.

VJr-.te tor brochure ana

SWIFT INSTRUMENTS, INC.
Dept. H-6 Boston 25, Mass.

Under such conditions, readings must be

taken so as to measure the subject, not

the background. In fact, a photographer

would not go far wrong if he adopted,

as a rule of thumb, the practice of basing

exposure solely on the brightness of the

subject and ignoring the surroundings.

On a higher level of complexity are

pictures in which the subject itself has

a range of tones so great or so small that

the exposure must be altered to accom-

modate it. If the range is very great, the

photographer may have to lose some sep-

aration in either the highlights or the

shadows. They may fall above or below
the range in which the film can record

them without distortion, or. to put it in

mathematical terms, above or below the

straight-line portion of the curve.

Values lying on the straight portion

will be compressed or expanded accord-

ing to the slope of the line. Various films

and developers produce different

amounts of slope, or contrast. So do dif-

ferences in developing time. Extending

development increases contrast and also

increases the density of the image, bring-

ing it closer to the shoulder, where the

line is no longer straight and tones will

not be adequately separated. This effect

is called blocking up of the highlights.

IT
follows, therefore, that a subject

with a short tonal range should have

a scant exposure and generous develop-

ment. Similarly, a subject with a great

range of tones should have a generous

exposure and scant development. The
extent to which exposure and develop-

ment can be varied will depend on the

film and developer used. Characteristic

curves for most common film and de-

veloper combinations are published in

photographic handbooks.

With small sizes of film, where there

are many exposures on a roll, it is sel-

dom convenient to give different amounts
of development to different frames. This

is, in fact, one of the few persuasive ar-

guments in favor of the larger camera
that uses sheet film. But the cost of film

is a small item in the picture-taking

budget, and it is worth while to use sev-

eral rolls instead of one and develop

them differently, as the subjects require.

It is possible to take partially used 35

mm. film from a camera, put it back later,

and use the remainder. One camera even

has a small knife inside to cut off the

used portion of the film so the rest can
be exposed and developed differently.

Exposures may be computed with such
precision that every spot in the scene

will be represented by an exact, prede-

termined shade of gray in the final print.

Ansel Adams is the author of a widely

admired system for doing this. It is too

Filter was used for photo of Mt. Cook to

render the scene as it appears to the eye.

f
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a window within a window, designed to mask an un-
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i.r . (iiti..i other Interesting objects of your choke.

>iri.ri iiis,'ly easy to do, and Inexpensive. Figure about
t;:,. 1,1 r -q. ft. for the spun glass and f'astoglafl. For a

ripp.v <»r "How to Make Decorative Glass Panels", send
•J.-.i' 10 Dent- M-J.

THE CASTOIITE CO. Woodstock, III.
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thank you

The list is long (the above being

but a truncated enumeration), and
inspiration is so often short u-hen

it comes to choosing a gift that is

just right. A subscription to

NATURAL HISTORY makes ati

admirable expression of your
thoughtfulness and good wishes in

marking a memorable occasion.

Though modest in cost, NATURAL
HISTORY is a big gift-, a year-

round cornncopia. each issue brim-

ming with out -of -the -ordinary

u-ord and picture excursions
through the realm of the natural
sciences.

In addition to a succession of
stimulating intellectual and aes-

thetic experiences, your gift of
NATURAL HISTORY also be-

stows the benefits of Associate

Membership in The American
Museum of Natural History.

If you have a gift-giving occasion

approaching soon, delight someone
u:ith a truly distinctive present

that u'ill be warmly appreciated,

lust fill out and mail the coupon
now.
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in the World?
From the Amami Islands*
to the Zulus of Africa**

...you will find it in Folkways' catalog

of over 600 Long Playing authentic Folk

records from almost every country, cul-

ture or ethnic group in the world. Also

Science, Jazz, Literature and Childrens

series. Write for complete free catalog.

*FE 4448 Music Of the Amami Islands

*'FE 4503 Africa Soutli Of the Sahara

FOLKWAYS RECORDS
121 West 47th St., N. Y. 36, N. Y.

1000 YEARS BEFORE YESTERDAY
This TERRA-COTTA oil lamp glowed along with
others in Egypt, Greece and Rome. Own a piece of
history . . . rekindle lamp's ancient glow with oil
ond v/ick! Symbolizes knowledge and serves to
stimulate the intellect. Great all occasion gift.
Mounted on hardwood base with certificate of
authenticity . . . $10. Money bock guarantee.

FREE mmuny cfiifiLoc

Annotated illustrations of unusual Archaeological Finds
from the Near East. Genuine Roman Coins, oil lamps,
bronze arrowheads, scarabs, inscribed papyrus, prehis-
toric flinls, figurines from ancienl Egyptian lambs . . .

and more! This catalog is a must for every intellectually
curious collector & gift giver! These relics make per-
fect decorations and stimulate thought-provoking con-
>(r3ation. Items from SI.00. Send lor FREE CATALOG
today: Dej.t. N'-8.

ALADDIN HOUSE
520 Fifth Avenue New York 36, N. Y.
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time-consuming for photographing live

subjects, however, and even with land-

scapes there would be a danger, for most
photographers, that the sun might set

before the exposure computation was fin-

ished. Fortunately, such precision is sel-

dom necessary. Films do not record

colors as the eye sees them, which is

just as well, because the eye has an
amazing ability to adapt to changing
light conditions. If films did the same it

would be impossible to predict their

behavior. As it is, we know that panchro-

matic black-and-white film (the only

type in general use now) is more sensi-

tive to blue than is the human eye, and
is sensitive to ultraviolet, to which the

eye is not sensitive at all. Thus, blue

areas such as the sky appear lighter in

a photograph than they do to the eye.

Areas rich in ultraviolet, such as fog

banks, overcast skies, and morning mist,

will appear lighter and also more opaque.

The response of a panchromatic film

in daylight will approximate that of the

eye if a K 2 (medium yellow) filter is

used, which requires doubling the ex-

posure. Blues can be made still darker

with an orange or red filter and greater

increases in exposure. The exposure in-

crease must be applied judiciously be-

cause too much exposure will compress
highlights and may thus negate the effect

produced by using the filter.

Shadows on snow are actually blue, as

close examination will reveal, and they

contain much ultraviolet, too. To pre-

serve them and thus show texture in

snow, a yellow or orange filter must be

used. Most shadows cast by the sun are

lighted by blue light from the other side

of the sky, and will appear too light

without a correcting filter.

Colors that seem dissimilar to the eye

may look alike in a black-and-white pic-

ture, and confuse or obscure the subject.

Filters should be used to separate them.

As a rule, a color will be rendered lighter

by a like-colored filter and darker by a

complementary one. Tables of filter rec-

ommendations for various subjects are

available, and one can judge a filter's

effect by viewing the subject through it.

FILTERS can be used with color film,

too, and their action is fundamentally

the same as in black-and-white photog-

raphy. As mentioned earlier, the image
on color film is a set of black-and-white

images until the film is processed. But
since the end product is going to be in

color, the filters cannot be as heavily col-

ored as those used for black and white.

Color film is sensitive to ultraviolet, too,

and a skylight filter should be used for

overcast snow scenes, fog, and distant

landscapes to reduce the washed-out
effect ultraviolet produces. An orange
filter for greater haze penetration will

work, as it does in black and white, but

since it turns the entire scene somewhat

orange, a film balanced for warme
(more orange) light should be uset

Such films are the "indoor" types ba
anced for use with floodlights, clea

flash, or studio incandescent lamps. Eac
type has a matching orange filter, calle

a conversion or light-balancing filtei

that adapts it for use in daylight an
also subdues haze. Of course, the orang
filters for color are not so dark as thos

for black-and-white films.

Other color filters can be used to ad
vantage to emphasize some colors am
subdue others. Experience is the onl

guide in this, but acquiring that experi

ence is an enjoyable pursuit. The use o

filters in color photography need not bi

restricted to correcting illumination. I

can. with practice, be a creative tool

Film speed ratings are necessary as ;

basis for computing exposure, but the^

should not be taken too seriously. Thf
methods of deriving numbers are stand
ardized within different countries, bu
only for black-and-white films exposed ir

daylight. The American system is callec

ASA, after the American Standards As
sociation. The British Standard (BS) is

almost identical. The German system i:

called DIN, which stands for Deutsch^
Industrie Normen (not, as some wags
have suggested, for Das ist Normal ) . Al!|

the systems are based on a standard ex-!

posure and standard processing of the^

kind most films get—that provided by!

the corner drugstore. Many profession-

als, whose films are developed individu-
ally, routinely use twice the standard
exposure index.

ACTUALLY, it is possible to obtain a

,

picture from any one of a wide range
of exposures. For the very best picture,

the exposure must be adjusted to fit the
nature of the subject and the quality of

the light. Whether this is done by vary-

ing the film speed or by interpreting the

meter reading, the resuh will be the

same. Subjects of high contrast will re-

quire more exposure than average; sub-

jects of low contrast will need less.

Learning when and how to make these

adjustments requires practice. The first

step is to make several, varied exposures
of each stationary subject that you pho-
tograph, and then study the results care-

fully. You may find the best picture is

not the one that is made "by the book."

This list details the photographer, artist, :

or other source of illustrations, by page
COVER-David Linton 50-top, Halmi, from Birn-
3-4-Joseph Sedacca bacl( Publishing Svce.,bot.
10-21-William R. Coe C. A. Spinage, from
except 13-bot. AMNH, Annan Photo Features
after H. M. Gregersen 51-Ylla, from Rapho
22-23-David Linton Guillumette Pictures
24-26-Werner Jacobs 52-Harvard Observatory,

?I^S^'';l''i
''"'?." Boyden Station, Bloem-

?oio"u, S 'f°T^ II
'ontein. Rep. of S. Africa

loil~mm ^ 54-55-Sky (.lap, after

VAt'aZge Holton, »!"'y «' ^eely
.

from Photo Library 56-57-Roman Vishniac

46-47-Anne Innis Dagg 59-AMNH
48-49-AMNH, after Dagg 50-63-David Linton



The ivory carvings done by the Alaskan Eskimos are famous

the world over for their unusual and creative workmanship.

Now you can have an original Alaskan Eskimo carving to give

or to own. Each piece is hand-carved from solid walrus ivory.

\^H «* For this reason no two are exactly alike, as shown above. ThisH %% individuality adds greatly to the charm and originality of each

\^ «flp W oi these beautiful carvings.

«*'^E li% Ivory Walrus approximately 3V4" long $8.35 ppd.

Ivory Seal approximately S'A" long $8.35 ppd.

Ivory Billiken pendant with gold filled chain (a good luck

charm) approximately 1 V2" long $6.75 ppd. tax incl.

Members of the Museum are entitled to a 10% discount.

nri-Jir '^^ Pleasedonotsendcash.Sendyourcheckormoneyorderto
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STAR-TESTED QUESTARS ARE USUALLY IN STOCK READY FOR IMMEDIATE DELIVERY, FROM S995. TERMS ARE AVAILABLE. LET US SEND YOU THE QUESTAR BOOKLET.

Mr. and Mrs. C. C. Moler of Maryland with their Questar resolve double stars whose com-

ponents are separated by only 0.6 second of arc. He writes us, "Last night, July 3rd, was

about the finest seeing condition we have ever experienced, and Eta Coronae BoreaHs (mags.

5.7 and 6.0, sep. 0".6) was in a most favorable position. The nearly equal magnitudes of the

two components was an essential factor. Then the unbehevable was accomphshed. Both Mrs.

Moler and I could distinguish it as a notched double. . . . We have also worked carefully on

Lambda Ophiuchi, which is brighter, being 4.2 and 5.2 with separation of 0".9, and easier to

see as a double than Eta Coronae Borealis." The /^^ Tf TT fn' (C^ 'nfr' A Tf5^

classical Rayleigh and Dawes hmits for telescopes of V^J/ ILJJ JE ^ Jl .^-^if^
Questar's 3.5-inch aperture are 1.4 and 1.3 seconds. box 6o new hope, Pennsylvania
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It takes only $12.50 down to own this 2.4-inch UNITRON
Little wonder that the UNITRON 2.4" Altazimuth Re-

fractor has long been America's most popular low-priced

refractor.

For UNITRON and only UNITRON combines unexcelled

optical and mechanical performance with exclusive fea-

tures designed to increase your observing pleasure. As

an example, take UNIMEX—the Rotary Eyepiece Selector

which relieves you of the burden of fumbling with eye-

pieces in the dark. Or, perhaps your observing situation

may call for the DUETRON Double Eyepiece, the erecting

prism system, the Astro-camera 220, or the sun screen.

Optically speaking, UNITRON Refractors duplicate the

performance of larger telescopes of other types. Further-

more, there are no mirror surfaces to become tarnished.

no secondary optics to cause diffraction patterns, and ni

folding of the light back on itself with consequent loss o

definition. It is not surprising that you see more and setj

better with a UNITRON.

The UNITRON 2.4" Altazimuth Refractor is priced a

only $125 complete with tripod, sturdy mounting witf

micrometric slow-motion controls, four eyepieces, carryinc

case, and accessories including the new Achromatic Am
plifier. Using our Easy Payment Plan, a mere 10% dowr
payment of only $12.50 brings this UNITRON to you.

Write today for a free UNITRON catalog and observer's

guide. With interest in astronomy at an all-time high,

now is the time to treat yourself to a UNITRON. Aftei

all, you deserve the very best.

UNlTf^ON INSTRUMENT COMPANY — TELESCOPE SALES DIV.

66 NEEDHAM STREET, NEWTON HIGHLANDS 61, MASS.



DISCOVER the fascinating worlds of nature and the excitement of scientific

accomplishment with membership in the Natui-al History Book Club

—

and accept as a welcoming gift either one of the magnificent works shown
above. Your membership will bring you readable and informative books by
leading authorities in the natural sciences—and always at substantial savings.

Along with other thinking people, you will find it a rewarding way to keep
abreast of science's continuing discoveries about the origin of the earth; the
vegetation, insects, fishes, reptiles, and mammals that have developed on it;

and the growth of man himself from primitive savagery to the complex civili-

zations of today. In addition, you are periodically offered intriguing experiment
and field kits for young people and adults {see Fossils Lab, below)—which,
like the regular book selections, come to you at reduced Member's Prices.

By joining now you receive one of the works shown above, free, and your
choice of your first Selection from among the six described below. As a
member you need purchase only 3 additional books at reduced Member's
Prices during the next 12 months. You will also receive a free bonus book
with every fifth purchase.

rfiis Alogni/icenf 4-Vo(umo Boxed Set

THE ILLUSTRATED LIBRARY OF THE
NATURAL SCIENCES
published under the sponsorship of
The American Museum of Natural History

A breathtaking panorama of knowledge in every area
of natural science—from anthropology to zoology, from
aardvark to zebra. The 165 contributors include Mars-
ton Bates, William Beebe, Arthur Clarke, J. Frank
Dobie, Willy Ley, Donald Culross Peatlie, T. C.
Schneierla, Edwin Way Teale and many famous others.

Over one million words; more than 3,000 pages; over
3,000 illustrations. List Price $25.00

This Giant Edition of the Famous Elephant Folio

THE BIRDS OF AMERICA by JOHN JAMES AUDUBON
A 460-page "aviary in miniature" of more than 1,000
American birds, authentically reproduced in glorious
full color from Audubon's world-renowned bird prints.

(Collectors pay $1,500 and more for a single original.)

In addition to Audubon's own notes, an excellent intro-

duction and fascinating facts about each bird are
provided by William Vogt, eminent ornithologist and
former editor of the official publication of the National
Audubon Society. Completely indexed. List Price Sll.95

CHOOSE YOUR FIRST SELECTION FROM AMONG THESE 6 FASCINATING BOOKS

ON THE TRACK OF UNKNOWN ANIMALS,
by Bernard Heuvelmans. What science has
learned about "abominable snowmen," the
apeman of Sumatra, the giant wombat, and
other "imaginary" animals. List Price $7.50

Member's Price S5.50

THE CLOUD FOREST, by Peter Matlhiessen.
The distinguished naturalist's exciting 20,000-
mile journey from the Amazon to the Andes.
"Anyone who reads this book is almost cer-
tain to be infected with jungle fever and a
desire to explore the wild, neglected conti-
;ient to the south." Roger Tory Peterson.

List Price $6.50
Member's Price S4.95

FOSSILS LAB. Fifteen actual fossil speci-
mens of prehistoric plant and animal life

are among the materials provided in this
unusual "portable laboratory" of paleon-
tology. Ideal for children as young as nine.

List Price S7.95
Member's Price $5.95

THE ANATOMY OF NATURE, by Andreas
Feininger. A striking 9 x 12-inch volume of
nearly 200 extraordinary photographs de-
picting the variety of animate and inanimate
structures throughout the universe.

List Price S5.95
Member's Price $4.95

WILDLIFE IN AMERICA, by Peler Mallbies-
sen. ".

. . invaluable to anyone who wants
to understand what has happened, what is

happening and what is likely to happen to

the wildlile of North America." Edwin Way
Teale. Nearly 200 illustrations.

List Price $10.00
Member's Price $5.95

THE SCULPTURED EARTH, by John A.
Shimer. An intriguing account of the geo-
logic forces that have changed the American
landscape, from the Pre-Cambrian period to

the present. "An outstanding introduction
to the study of the earth . .

." The New
York Times. List Price $7.50

Member's Price $5.50

NATURAL HISTORY BOOK CLUB, 63 Fourth Avenue, New York 3.

Which of these exciting works may we send you FREE?

Please enroll me as a member and send me the Member-
ship Gift and first Selection I have indicated below. Bill

me for the first Selection only at the reduced Member's
Price. My only obligation is to lake 3 more Selections
during the next 12 months; I will receive a free Bonus
Book with every fifth purchase.

Membership Gift Work

First Selection

Addiuonal Selection Desired

Name

Address

City Zone..
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COVER: The Adelle penguin, here feeding its enormous chick, traveled some

2,400 miles to reach the breeding grounds in Wilkes Land, where it was

studied by Richard Lee Penney, an ornithologist whose interest centers on

the manner in which voice recognition influences behavior. His observations

and conclusions are illustrated with his photographs and begin on page 16.

Incidentally, it is interesting to note that two Welsh words—"pen," or head,

plus "gwyn." white—give the bird its name, which originally was that of the

now-extinct great auk, to which this penguin bears a superficial resemblance.
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AR-TESTEO QUESTARS ARE USUALLY IN STOCK READY FOR IMMEDIATE DELIVERY, FROM $995. TERMS ARE AVAILABLE. LET US SEND YOU THE QUESTAR BOOKLET.

This little screech owl is really no larger than a baby chick.

See how cleverly he makes himselt look huge and tear-

some by folding his wings in front of him. This picture

was taken with Questar from 3 c feet away. We print it

here to remind you that the superb 7-pound Questar is the

most versatile telescope in the world. You use the same

elegant controls that make its celestial use such fun, to

turn its great powers safely on the sun, on all things near

and far on earth, and to take photographs in black and

white or color. There is simply nothing like it. And you

CAN take it with you wherever you and your family go.

QUESTAR
BOX 60 NEW HOPE, P ENNS YLVANI .\



CRY
OF

A BIRD
by Dorothy Yglesias

The chance arrival of a crippled
Jackdaw over thirty years ago, was
the beginning of a most unusual
career for Dorothy and Phyllis
Yglesias, two sisters living high
above the cliffs of a peaceful Cornish
fishing village.

When it became known how they
had treated their first "patient," the
jackdaw with a shattered wing, vil-

lagers, young and old, brought any
bird in distress to the Yglesias cot-

tage. The sisters set two goals for

themselves: to restore to their nat-
ural life those birds which could be
cured, and to furnish a sanctuary
for those too injured to fend for
themselves. As their reputation
spread, so did the area from which
their patients came. Between 1928
and 1959, 116 different species of
wild birds were treated at the hos-
pital; a total of 4,066 birds in all.

Some stayed in the Yglesias sanctu-
ary only a few days, others nearly
twenty years. Dorothy Yglesias' re-

markable narrative casts new light

on the understanding of bird habits,

peculiarities, reactions to captivity,

capacity for affection and many
other lesser-known characteristics.

Profusely illustrated with
photographs
$4.95 at all booksellers

W. E. P. Button & Company
201 Park Avenue .South,

New York 3, N..Y..

Reviews
New views from Pylos

architectural ethos

By Bernard Goldman

Mycenaeans and MiiNOANS. by Leonard

R. Palmer. Alfred A. Knopf, $6.00; 264

pp., illus.

WHILE there may be a division of

opinion in matters philological and

interpretative, the decipherment of the

Linear B tablets of the Minoan-Mycen-

aean people "may be accepted as in

principle accomplished," as stated by no

less an authority than the revised Cam-

bridge Ancient History. The exciting ac-

count of the "cracking" of the 3,500-

year-old script by the late Englishman

Michael Ventris was told in these pages

by his friend John Chadwick (Natural
History, March, April, 1961). Now the

story of this previously mute epoch in

human history, which is the threshold of

Western civilization, must be rebuilt on

the basis of this new knowledge.

Leonard Palmer, Professor of Com-
parative Philology at Oxford University,

has provided a detailed, readable survey

of the later years of the Minoans and

Mycenaeans as revealed by these newly

translated Linear B texts. Mycenaeans

and Minoans begins with a brief chapter

on the location and identification of the

site in the Greek Peloponnese that

yielded hundreds of the inscribed clay

tablets, followed by a review of the

Linear B scripts. The size of this vast

archive, found by the American archeol-

ogist Blegen, gives the site a position of

key importance in the study of a heroic

period in Mediterranean prehistory.

Hence, Palmer sketches in the history of

the site and details the evidence that

permits its identification as Pylos, the

capital of old Nestor—Mycenaean king

of the Homeric epic.

From the mass of accounting contained

in these tablets, the author extracts the

basis for reconstructing the Mycenaean
system of land tenure, the bureaucratic

administrative organization of this war-

rior kingdom, its basically agrarian econ-

omy, and its gods and cults. Most

dramatic is the tragic picture of those

last days of the Pylian kingdom as de-

duced from the seemingly uneventful

rolls of food and equipment distribution,

the dispersion of people, and the reports

of the activities of metalsmiths, masons,

and sailors. For the tablets were written

just as the tide of history drowned that

proud warrior society—about 1200 B.C.

—

in what may have been a wave of Doriar
people coming from the North.

Palmer proceeds from this local his'

tory of a late Bronze Age kingdom to the

broader implications it holds for the

prehistory of the eastern Mediterranean.
Now, it is important to remember that

until Linear B was deciphered, our

knowledge of what happened in the

Aegean area at that time was obtained
primarily through the Homeric epics and
the eloquent testimony of archeological

remains. But Homer must be handled
with care by the historian; there are

many unanswered questions about the

authorship, date, and accuracy of the

Iliad and Odyssey. No matter how au-

thentic the epics seem as they depict the

culture of the Achaean heroes, the writ-

ing of the tales came many centuries!

after the people and events recorded.

The impressive remains of Mycenaean
art and architecture were seen within

the massive walls of Mycenae and Tiryns.

They told of proud feudal principalities,

rich in gold and skilled craftsmen, cap-

able of monumental building, and en-

gaged in extensive trade.

THEN, at the very beginning of the

twentieth century. Sir Arthur Evans

exposed the ruins of an earlier, aristo-

cratic society that had built a multi-

storied Palace at Knossos on Crete. For
over thirty years Evans fought with spade

and pen to restore this civilization of

King Minos and to give form and histor-

ical reality to the Aegean Bronze Age.

He called the culture of this ancient

period after the fabled King Minos, and
divided its years into the archetypal

scheme of Early, Middle, and Late Min-

oan. He subdivided these chronological

ages, tracing the slow growth and bril-

liant flowering of Minoan civilization un-

til its collapse and destruction just prior

to the last phase (Late Minoan HI).

Evans placed this "last sad period" in the

history of the Palace of Minos at ca. 1400

to 11.50 B.C. The broken shell of Knossos,

as Evans depicted it, was occupied by

poor, rude squatters, probably mainland

Mycenaeans. To Evans, Mycenaean civil-

ization was a late, provincial reflection

of the once-magnificent Minoan.

We are indebted to Evans for what

was to become, with a few minor altera-



the canonical reconstruction of

noan-Mycenaean — that is, Mediter-

ean— prehistory. With houndless en-

;y, he also accomplished a partial

toration of the island palace. But how

is this Evans version of Minoan-My-

laean history tally with the picture

t takes form after a study of the

lear B texts? The Pylos tablets coin-

e in date with tiie last phase (Late

noan III) of tiie Palace at Knossos,

1 so it is this critical period that

Imer examines. He finds Late Minoan

to be a brilliant period in the history

the palace, "when the Greeks were in

itrol," when a wealthy and sophisti-

;ed society flourished, when many of

1 great works of Minoan art were pro-

ced, and when the tablets were in-

ibed. Palmer then attempts to show

ere, how, and why, in his opinion the

,n of Minoan archeology went wrong.

iv.'VNS placed the Linear B tablets that

I he found in the period before the

1 of Knossos. before its partial reoc-

jation by "squatters." Hence, the fine

and architecture contemporary with

tablets were, he said, products of the

noan people who may have been under

political domination of the mainland

cenaeans. Palmer, on the other hand,

ds that the Linear B tablets found at

ossos are to be dated after, not before.

e disaster of ca. 1400 B.C. That is, the

jlets and the splendid remains con-

nporary with them were produced dur.

^ Evans' so-called Period of Partial

^occupation. It then follows that this

riod must have marked a brilliant epi-

de in the history of Knossos— with

e island ruled by an enlightened Greek
jnarchy—not one of dismal decay.

To prove his thesis. Palmer must prove

ans wrong. He sets out to do this. He
mpares Evans' original field notes,

ybook, and memoranda, written dur-

% the course of excavations at the be-

nning of this century, with the final

blication of the Palace of Minos print-

i decades later. They do not agree,

ports Palmer, on certain significant

ints of fact. The original notes, which

ust be considered authoritative, for

ey were made on the spot as the dig

ressed. have convinced Palmer that

e final published report is misleading

ltd, in places, misstatement. Why do

consistencies and error appear in the

lal report? Certainly not because

vans set out to falsify the archeological

^cord in the several volumes that com-

rise his Palace of Minos. Rather, it is

aimer's feeling that in the intervening

Jcades. between excavation and publi-

Dr. Goldm.i,n, an instructor in the

liiimanities, is with the Dep.Trtment
of Art. College of Liberal Arts, at

\^ avne State L niversitv. in Detroit.

cation, Evans had slowly built up his

conception of Minoan history. By ihe

time he sat down to write his extended
report — he was then a man well ad-

vanced in years and decades removed
from those thrilling days of discovery —
his thesis had begun to dominate the

evidence. As Palmer marshals the scraps

of data, make his deductions from old

notes stored away in the Ashmolean Mu-
seum archives in Oxford, and compares
dates and handwriting, the reader begins

to feel involved in a Sherlock Holmes
adventure of scientific deduction.

Palmer's documentation is formidable,

his logic is most persuasive, and his

conclusions plausible. But the general

reader of Mycenaeans and Minoans—
and the book is written for both the gen-

eral reader and the student of history

—

should know that Palmer does not hold

the day unchallenged. Evans cannot an-

swer for himself; he died over twenty

years ago. Other reputable scholars of

preclassical history, however, have con-

tested Palmer's interpretations.

Palmer closes his book with a short

chapter that can do no more than whet
the appetite, for it deals with one of the

most tantalizing and argumentative ques-

tions found in the historian's well-stocked

storehouse of riddles: what are the

sources of Greek culture? Palmer's ap-

proach is philological, backed up by the

archeological. He takes us to Asia Minor,

to that region in southern Turkey where

in ancient times an Indo-European lan-

guage called Luvian was spoken. He is

convinced that this tongue is the basis

of the still-undeciphered form of Minoan
writing called Linear A. But a thin web
of linguistic affinities is not in itself con-

clusive. Common customs, beliefs, social

patterns, and modes of living must be es-

tablished before two separate communi-

ties can be said to house the same people.

AT the Luvian center of Beycesultan (in

modern Turkey) there are various

striking Minoan afSnities. Particularly

important are what seem to be similar-

ities between Luvian and Minoan reli-

gious furniture and cult objects. In the

important area of architectural style and

building techniques, the resemblances

are too close and complex to be coinci-

dental. Further, significant place names

in Crete and Greece fall ivithin the Lu-

vian pattern. The evidence is slender,

fragmentary, certainly inconclusive. But

the picture that Palmer sees taking shape

would show an Asiatic. Indo-European-

speaking people established in Greece

and Crete in "pre-Greek" times. This

oriental cultural deposit would form part

of the foundations upon which Greek

civilization was built. Palmer does not

pretend that his reconstruction repre-

sents historical fact. Rather, his hypoth-

esis is in the realm of scientific prob-

ability based upon observable data.

A fantastic voyage into

the world of the senses—
including some for which
man has, as yet, no name
Here is what we know — and what
science is still trying to learn — about
the many strange ways living crea-

tures perceive the world around
them. "Will probably become a minor
classic in natural histon' . . . Much of
the material is exceedingly fresh."

—2V. y. Times Book Review

TIIK SKNSKS
OF ANIMALSAND Mi:X

By LORUS J. and MARGERY MILNE
Drawings by Kenneth Gosner.
S6.95, at \'our bookstore, or order
from ATHENEUM PUBLISHERS, Dept.
NH-102, 162 E. 38 St., N. Y. 16.

THREE SPECT.4CULAR
FINDS at the site of Gibeon in

the Arab village of el-Jib mark
it as one of the most important
in Biblical archaeology. Here,

the director of the dig tells about
the dramatic unearthing of a tun-

nel of 93 rock-cut steps from the

city to the spring, "the pool of
Gibeon." and the remnants of
the oldest wine industry known.
120 illustrations.

Gibeon
WHERE THE SUN STOOD STILL
The Discovery of the Biblical City

by James Pritchard

S5.75 at bookstores
Princeton University Press

Princeton, New Jersey



A man taught them
the facts of

jungle life and

how to behave

§ like

% Kings!
r

This is the magnificent account
of how Norman Carr, Warden of
Kafue National Park (Africa's
largest game reserve), adopted
two orphaned lion cubs and edu-
cated them in the ruthless arts of
survival in the jungle.

Lion-hearted himself, he kept his
young wards under no restraint.
They, in turn, responded with
affection— providing Carr with
some fascinating experiences and
the extraordinary opportunity to
observe their natural behavior at
the closest range.

Four years later he returned his
lions to the wild, fully prepared
to assume their role as undisputed
leaders of the bush.

"Mr. Carr has shown that, even
after the two Elsa books, there is

still a great deal worth saying
about lions."

—SIR JULIAN HUXLEY
With 36 exceptional photographs,
5 in full color.

RETURN TO
THE WILD
by Norman Carr
55

S4..50 at all bookstores

^ E. P. DUTTON & COMPANY
201 Park Ave. South. N. Y. .?, N. Y.

When does probability achieve the

status of verifiable and absolute truth?

In the field of prehistory, at least, the

answer is probably never. The recon-

struction of the past must be based upon
facts, but the most important facts of the

prehistorian's study are the dynamics of

human activity, and these are irretriev-

able. The archeclogist can only take the

material result of complex human activi-

ty—a tomb, a shrine, a bit of pottery

—

and attempt to deduce from it the dy-

namics of the society. Hence, Palmer's

Luvian episode can only be a "final as-

sessment in this play of probabilities."

BUT recent news releases have again

shown that the word "final" has no
place in the prehistorian's vocabulary.

Brandeis' Professor Cyrus Gordon an-

nounced recently that Minoan Linear A
speaks a Semitic, not an Indo-European,
language; that it is related to a Canaan-
ite. not a Luvian. group. He estimates

that those Semitic-language-speaking

people, the Phoenicians— long known
as intrepid merchants who sailed as far

as the British Isles from their home ports

on the Palestinian littoral— contributed

more than alphabet to the Greeks: in-

deed, it is their Semitic-Asiatic culture

that finds expression in the Linear A
tablets. Luvian or Phoenician? This ar-

gument is no small matter of merely de-

termining the language a lost people
spoke. Rather, it poses the primary and
profound question concerning the foun-

dation on which Greek culture and its

legatee. Western civilization, are built.

Is it Indo-European coming to the West
out of the Anatolian highlands of Tur-
key? Or is it Semitic, a Mediterranean
offshoot of the ancient Near East?
As new archeological and linguistic

data are recovered and can be brought to

bear on the problem, revised assessments

will be made by prehistorians. and
Palmer will no doubt be in the vanguard.
Asia Minor, in particular, must be
watched in the next few decades, for the

land holds rich archeological promise.

It is there that Palmer's thesis will be
tested. As current newspaper accounts
relate, amazingly rich discoveries are

being made there by Turkish. European,
and American archeological expeditions.

Undoubtedly they will supply much-
needed light on these still somewhat
mysterious Luvian language people.

But for now the casual traveler can
catch the local bus that will carry him
the few kilometers from the port town
of Herakleion to the ancient ruins of

Knossos. not quite asleep in the vibrant

Aegean sun. Guarding the approach to

the palace is a bronze portrait of Arthur
Evans, the last "ruler" of the House of

the Double-Ax, home of the Minotaur.
Perhaps, as Mycenaeans and Minoans
relates. Sir Arthur had feet of clay, but
even King Minos was not faultless.

The E.4RTH. The Temple, and The Gods,

by Vincent Scully. Yale University Press.

$15.00; 257 pp., illus.
\

NATURAL scientists and humanist
have offered many formulas for do'

umenting the uniqueness of man. Fi

one scholar, man's distinctiveness lies i

his solitary foreknowledge of his ov

mortahty. Another notes that only mar

of all animals, leaves behind product-

that arouse ideas beyond the facts

biological existence; while yet anothe-

humanist marks that man, and
alone, uses symbols. Greek sacred builc

ings are eloquent testimony of a peopl-

who were deeply involved in symbo!

making, in the production of an art tlia

would long outlive them, and who knev

the tragic lesson of life—which is death

Vincent Scully, of Yale University, take-

the reader on an extended tour of thi

rugged landscape in which the Greek

placed their sacred buildings, monu-

ments raised in the pious hope that thei

would bridge the chasm between mortal

man and the undying gods. He attempt

to reanimate them with their ancient

symbolic meaning, to breathe into the

shattered remains the pantheistic spirit

that determined their shape and loca-

tion. He writes fluidly and feelingly ol

ancient architecture within its landscape

setting, imaginatively reconstructing, not

the buildings, but the emotional and sym-

bolic impact that Greek sacred place;

must have had on pilgrim or suppliant

The basic thesis is that the Greeks did

not arbitrarily erect buildings of some

pre-established design with only practi-

cal and aesthetic considerations as the

determinants of the architectural design

and of the site selection. On the contrary,

man-the-symbol-maker is the force with

which we must reckon, for that is the

loadstone to draw meaning into Greek

architecture. The author is convinced

that the Greek builder brought his

temple design into a metaphysical har-

mony with a landscape that pulsed with

symbols of the nature gods. Such tem-

ples, then, would not be based on inflex-

ible design principles, but would adapt

themselves in a variety of subtle ways to

their symbolic roles. Landscape setting

and religious associations in each case

determined the architectural program.

Scully begins his pilgrimage of the

holy symbols on the island of Crete, the

home of the Bronze Age Minoan civiliza-

tion, where he discovers that the axial

orientation of palace architecture points
|

to the neighboring hills that contain old

shrines and legendary sacred places. It ,'

is the Great Mother of nature, the pri-

mordial concept of fertility embodied
in the female, that the Cretans saw in I

these hills; toward the huge expressions

of her body— the twin mountain peaks,
!

the valley cleft between, the hill rising

out of the valley— the Cretans turned



souls and their buildings. This

retion of the Great Goddess in

< itain and valley becomes, for Scully,

U-pervading symbolic force carried

Crete by the Mycenaeans of Greece

to the mainland, where it is be-

thed to the Greeks of the classical

The still-young Greeks introduced

own male god who unites with.

L) inates. but never quite replaces the

t Goddess. And so Greek sacred

rjtecture also turns to the sexual sym-

of hills and clefts between for the

ulation of its religious meaning. The

u or goes from temple to temple, in-

ei :eting the intimate harmony that

existed between sacred shrine and

s acred landscape vessel.

many books on Greek architecture

the subject in cold, analytical terms

roportion, linear feet, engineering

plexities, and so on, that a warm,

essionistic discussion based upon

d archeological documentation is

welcome. Some readers, it is true,

well ask if the tense, emotional in-

ts of the book do not lie more in the

he of the author than in the archi-

tral evidence. Or they may rebel at

dramatic personifications of the in-

late, or feel quite unable to cope at

s with the spate of emotional re-

p ises. The book is within the romantic

r; ition of cultural history, and, as such,

be judged prolix by those readers

pollonian taste.

rofessor Scully makes it clear that

study is not a primer of Greek

litecture. It might be read with great

1 it by the initiate, as well as by those

have the basic facts of Greek civili-

a|)n and architecture at their finger

But this book is for the reader who
not stumble over echinus, opisthod-

s, hypaethral, and dipteral, for no

sary is included. It is also for the

er who has stood upon the bleached

ckage of those ancient sites and

ed long at the tumbling hills of

ece. The wealth of reproductions in

book (including almost 350 photo-

ohs) attempts to convey the feeling

he temples in their settings. But the

lity of the photography falls far

1 rt of that of the text. And the reader

V lid willingly sacrifice two-thirds of

1 illustrations if the remainder could

) given full-page enlargement and

;fiter contrast in the printing. The
a: the author set himself was sure-

)> worthy of those heroic men who
aed their magnificent temples against

jjloding Mt. Parnassus. He has had to

^reate from landscape that has suf-

^:d 2.500 years of change, and from

i| tered slivers of stone. Still, the Great

Idess must have smiled upon him. for

has taken to the task with obvious

sh and stimulating results. He is to

bi congratulated upon his ability to en-

ii and translate her ever-youthful favor.

BRIEF
HiCH Dam Over Nubia, by Leslie Green-

er. Viking Press, $6.00; 244 pp., illus.

AN ENCHANTING, personal book has

. been written by Leslie Greener, who
has been a member of the joint expedi-

tion of the Oriental Institute of the Uni-

versity of Chicago and the Swiss Insti-

tute of Cairo to Nubia. The expedition.

as so many others these days, is con-

cerned with the recording and salvage

of archeological remains that are sched-

uled to be engulfed by the waters of the

High Dam presently being constructed

at Aswan in Upper Egypt.

Mr. Greener divides his book into two

sections entitled "Today" and "Yester-

day." The "Today" section describes the

problems and some solutions occasioned

by the construction of the dam. The
description is written as a kind of travel

tour, with Greener as guide through

Upper Egypt and Nubia. The "Yester-

day" section uses the Nubian monu-
ments, one by one, to provide "windows"

on the past, and the rich history of

Egypt and the Sudan is thus revealed in

vivid glimpses. The author is familiar

with prime sources, both textual and

archeological, and writes not only with

authority but with a keen sense of the

humanism of the past. His anecdotal

style ranges through past and present

and blends time into a singleness that

many writers might well envy. It is good

to find the facts allowed to speak for

themselves without embellishments.

This is a fine book by any standard.

It is also an important work for it em-

phasizes the truly monumental labors of

archeologists involved in the Nubian sal-

vage as they toil to save a priceless rec-

ord of man's story for, unfortunately, a

mankind that is very largely indifferent.

Walter A. Fairservis

The Patriot Chiefs, by Alvin M.
Josephy, Jr. The Viking Press, $6.00;

364 pp., illus.

THIS book is good reading—objectively

written and soundly based—al-

though it arouses romantic and senti-

mental feelings for lost causes. We are

now far enough removed from King

Philip, Tecumseh, Osceola, and Crazy

Horse to understand that they were great

leaders and did not merely represent

opposition to European conquest. This is

a belated perspective but a responsible

one. Mr. Josephy's account of the dra-

matic lives, and sometimes ignominious

deaths, of the chiefs he has chosen to

portray is also a statement of their an-

cient and varied social pattern—a way

of life close to its natural environment,

embodying great depth and great dignity.

John Hay

HONEYWELL

must
a cactus
watch
the birdie?

Yes, if it's a cloudy, windy day as
it was when this mountain succulent's
portrait was made by a Honeywell
Pentax at 1/60 sec, f/16.

You ordinarily don't think of a
flower as a moving target— until you
catch one wavering in your view find-

er. Then you increase shutter speed,
open up the lens, and— oops, there
goes your depth of field! Pretty petal,

poor pistil.

Use a Honeywell Prox-O-Lite on
your camera and you do two things:

(1) stop motion, and (2) permit small-

er apertures for maximum depth of
field. The Prox-O-Lite is an electronic

flash unit which fits right on your lens

mount to surround your subject with
shadowless light.

See the Prox-O-Lite atyour Honey-
well dealer's today. Or write for illus-

« trated brochure
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faster, more accurate

focusing and composing
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Pentamatic S

automatic 35mm reflex

Unique 'tri-way' finder shows three

separate focusing systems at a glance— rangefinder, microscreen, ground
glass—^for top accuracy in any light.

Other features include fl.8 Auto-Yash-
inon 55mm lens, automatic diaphragm
and mirror, 1-1/lOOOth sec. shutter,

X and FP synch, single-stroke advance.
See the excitingly priced Pentamatic S,

the popular Pentamatic and the new
economy Penta J at your photo dealer,

or write for more information :" ept. d.
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BRIEF
The Sea, by Leonard Engel. Time, Inc.,

S3.95; 190 pp., illus. The Forest, by
Peter Farb. Time, Inc., S3.95; 192 pp.,

illus. The Desert, by A. Starker Leo-

pold. Time, Inc., S3.95; 191 pp., illus.

The Mountains, by Lorus J. and Marg-
ery Milne. Time, Inc., S3.95; 192 pp.

The problem facing the editors of the

"Life Nature Library" is the cor-

relation of two mediums—book and pic-

ture magazine. The Sea, The Forest, The
Desert, and The Mountains, four ex-

amples from Life's editors, are attractive,

and in some ways provide good sum-

maries of their material, but all suffer

from the difficulty of juxtaposing pic-

tures and text. The photographs are

usually striking, in some instances, spec-

tacular, but they have a way of making
a barrier of themselves by standing in

the path of explanation or simply chang-

ing the route suddenly so that the reader,

now a viewer, finds himself in different

country without a guide.

The Desert is characterized by eye-

catching photographs, some of the best

that money can buy. A. Starker Leopold

has written a competent, interesting text

NEW TITLES

FOR SUMMER READING

PATTERNS IN THE SKY, by Julius D. W. Staal.

A long awaited book on the mythology and leg-

ends of the stars written with such clarity that

you come to recognize and enjoy the drama and
loveliness of the night for yourself. $4.20 ppd.

THE PICTURE HISTORY OF ASTRONOMY,

by Patrick Moore.

Four hundred and twenty-five excellent illus-

trations help to make this a thrilling reading
experience. Only through history can we gain an
understanding of the seemingly incredible ideas
of modern astronomy. $6.20 ppd.

THE NINE PLANETS, by Alan E. Nourse,

A stimulating and exciting account of our solar
system in a pocketbook edition. Dr. Nourse is

the complete scientist, brimming over with data,
impressive terminology, and occasionally, poetry.
$.95 ppd.

ASTRONOMICAL SPECTROSCOPY,

by A. 0. Thackaray.

This book presents the subject so that it can be
understood by the beginner. It gives, first, a
sound basic explanation of the generation of

spectral lines, describes the instruments used,
and provides a detailed and up-to-date explana-
tion of the way in which observations lead to
fundamental information. $4.20 ppd.

Museum Members and Planetarium Course stu-
dents are entitled to 10% discount. Please do
not send cash. Send check or money order to:

THE BOOK CORNER

American-Museum Hayden Planetarium

New York 24, N. Y.

WRITE FOR FREE CATALOG

and the book is full of up-to-date inf

mation on one of the earth's most fas

nating environments. The volume
surely well worth owning and yet

method, which is essentially encyc!

pedic, results in the presentation

rather too much material for the limit

space assigned to it.

The Mountains is an attempt to recti

the fact that much of our knowled
of mountains is of recent origin and h
not been widely disseminated to the la

man. This handsomely illustrated boi

presents a brief but understandable i

sume of the geography of mountain
the concepts of mountain evolution, tl

dynamics of volcanoes, the ecology

mountain vegetation and animal life, tl

unusual biology of mountain-dwellir

peoples, and the adventurous story

men and women (and dogs) who ha\

striven to conquer the highest, most ii

accessible mountain peaks known.
Because both the Milnes are profe;

sional biologists, it seems strange thi

the most serious errors in this volutn

—and there are a number—are to

found in the sections dealing with bi(

logy. The chapter, "Planets, Winds, an
Ice," abounds with anthropomorphic an
teleologic statements, as well as a v?

riety of factual errors. The book is wort
its price. Not every statement it cor

BULLETIN OF
THE AMERICAN MUSEUM
OF NATURAL HISTORY

The BULLETIN series contains articles
relating to geology, mineralogy, vertebrate
and invertebrate paleontology, and zoolo-
gy (entomology, herpetology, ichthyology,
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etc.). In addition, the early volumes prior
to 1907 include papers dealing with an-
thropology.

Recently issued:
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E. Thomas Gilliard and Mary LeCrov.
Bulletin vol. 123, art. 1, pp. 1-86, pis. 1-17,
2 figs., 3 tab., 1961. $2.00

Metamorphism in the Southern Alps of
New Zealand, by Brian Mason. Bulletin
vol. 123, art. 4, pp. 211-248, pis. 32-39, 6
figs., 9 tab., 1962. $1.25

Pseudoscorpions from Colorado, by C.
Clayton Hoff. Bulletin vol. 122, art. 5, pp.
409-464, 19 figs., 1 tab., 1961. $1.00

A synopsis of the lizards of the Sexlineatus
group (Genus Cnemidophorus). By Wil-
liam E. Duellman and Richard G. Zweifel.
Bulletin vol. 123, art. 3, pp. 155-210, pis.

24-31, 10 figs., 6 tab., 1962. $1.50
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or money orders made payable to The
American Museum of Natural History.
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ains. luiwi'vcr. slioiilfl be acreptcd

mcrilicully by the reader.

The Sea suffers by comparison with

he Forest. The latter is written in a

[isciplined and competent style, while

he former abounds in hasty generaiiza-

ions and abrupt conclusions. As a result,

nore is learned of the forest than of

he sea. Both books hold much ( prob-

bly too much) to attract the eye. but

he exactions of the picture and caption

echnique cut down on verbal expres-

sion. In future, the editors may be able

o strike a better balance if they decide

vhat sort of books they are producing.

The Osaces, by John .Joseph Mathews.

Univ. oj Oklahoma Press, S7.95; 826 pp.

THIS book represents a noteworthy ad-

dition to the interpretation of Indian

civilization, and although it contains

over 800 pages, the length should not dis-

courage anyone interested in the heritage

of their native land—particularly when
one considers that the author, John

Joseph Mathews, is an Osage.

The Osages attempts to interpret and
recount the cultural history of this In-

dian nation in terms of its own symbol-

ism, ritual, and language, insofar as

translation is possible. We are a long

way from understanding the identifica-

lioii of a Ni-olilliir |)cn|ilc with iiatuiiil

forces. These people fouiid llii-ir way liy

means of "the moss, the lichen, the -lar-.

and the sun. . .
."

The symbolic culture of tiie Osages
was far from "'primitive" or "simple" as

we are inclined to use those terms, but

complex, precise, and beautiful in many
ways. Because the author writes know-
ingly about the Osages. he accepts the

authority of their religion and succeeds

in making their decline and fall at the

hands of the next "Americans" even

more dramatic. The contrast between our

two civilizations is sharjdy drawn, but

the distinct impression remains that cul-

turally the Osages were never totally

crushed, and that their wild, ancient

relation to the natural world remains

relevant and unsullied. This is an excep-

tionally interesting and useful history.

Nature on the Rampage, by Ann and
Myron Sutton. /. B. Lippincott Co.,

S6.00; 328 pp.

To one who has always enjoyed na-

ture's rambunctiousness. Nature on

the Rampage is a disappointment. The
rampages are listed by chapter headings

but, unfortunately, they are not well

chosen. For instance, chapters two,

three, and four are titled "Winds," "Hur-

ricanes." and "Tornadoes," respectively.

"Kain." "Hail." and "Lightning" are the

titles of three more chapters, and on<r

gets confused as to whether the particu-

larly heavy rains encountered in the last-

mentioned chapter are associated with

tornadoes, thunderstorms, or liurricanes.

"Deserts." too. seems a parlicularly

inappropriate chapter title, for although

the dry wastelands are cruel and most

unfavorable to man, they hardly illus.

trate a rampageous nature but. rather,

nature in one of its more stable attitudes.

The subject matter of the book should

be of interest, but to the serious amateur

in meteorology and geology, most of the

material is "old hat"; and the scientific

purist will be disturbed by the authors'

sloppy use of the word "power," when
it is "energy" that is being discussed.

Perhaps the plodding nature of the

book lies in the self-conscious, almost

forced pattern of the chapters. Each
starts with a human interest story based

on an actual experience, followed by a

brief section of scientific explanation.

And. as a finale, a bit of the mythology
and history of the phenomenon is thrown

in. One is left to wonder whether the two

authors have any particular interest in

any part of this repeated trilogy or

whether it represents the publisher's

idea for reaching a wide public.

SOUTH # AFRICA
The profusion of wild game seen

at close range (but in museum-

like safety! ) in Kruger Park and

other game sanctuaries is

one of the greatest
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.

See it yourself!
Add modern cities, splendid resorts, fabulous

mountain and coastline scenery, visits to tribal
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marvelously comfortable and secure your
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SOUTH AFRICAN
TOURIST CORPORATION
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CITY ZONE ... STATE
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portation details from South African Railways. 655 Madison Ave., N. Y. 21, N. Y.



a table, and open the front cover until

it is vertical. This now makes an angle

of 90° with the horizontal back cover.

Close the cover halfway. The angle

included between the covers is 45°.

Now close the book half of the remain-

ing angle. The angle becomes 22.5°,

only 1° less than the angle between the

planes of the equator and the ecliptic.

As the rotating earth revolves around

_£\_ the sun. it moves in the ecliptic

plane and carries the equator plane

with it. The earth moves in such a way
that the equator plane always moves
parallel to itself: the angle between the

two planes remains unchanged and the

direction of their line of intersection

(the book's spine) constantly points

in the same direction. (This is not

strictly precise, but for our purposes

we can ignore the small effect called

precession of the equinoxes. The line

of intersection will make one complete

turn around the ecliptic in a period

of nearly 26,000 years.)

We live on the surface of the earth,

which rotates on its axis 365 times

faster than it revolves around the sun.

We give greater importance to the day

as a unit of time and to celestial posi-

Dr. Franklin, whose work appears
regularly in the pages of Natural
History, is Associate Astronomer
on the staff of The American
Museum — Havden Planetarium.

tions based on the equator, although

we are fully aware of changes in the

sky during a year's time. During the

winter in the Northern Hemisphere

the sun appears low in the sky, be-

cause the equator plane extends to

the north of the sun. Six months later,

the opposite part of the equator plane

extends to the south of the sun, and the

sun appears north of the celestial equa-

tor. At a certain time between these

two extremes, the line of intersection

of the planes will pass through the sun

so that the sun appears to be on the

equator. Our nights and days are then

equal in length, hence the word equi-

nox is applied to both times. If you

place a small lamp on the table and

reopen the book, you can duplicate

this effect of the seasons by moving

the book, keeping the partly open front

cover parallel to itself as the book is

moved around the lamp.

This inclination of the equator plane

to the ecliptic plane of the earth ex-

plains the apparent north-south motion

of the sun in the sky during a year. It

also leads us to the following partial

explanation of the variable time-keep-

ing properties of the sun.

For all but extremely precise work,

observatories use the rotation of the

earth as the basis of time-keeping.

Astronomers who determine time use

the stars as reference marks, noting

when they are on the celestial meri-

dian. A star exactly on the equator

will take 24 sidereal hours between

two successive appearances on the

celestial meridian. This is exactly the

same length of time taken by any star

anywhere in the sky to return to the

meridian: therefore, a star's or the

sun's distance north or south of the

equator will not affect time-keeping.

SINCK the sun apparently moves
around the sky (reflecting the

earth's revolution around the sun ) , the

sun will not line up with any star for

longer than an instant. If we could

observe the sun and a star on the meri-

dian on one day, we would find on the

next day that the star — which is fixed

on the celestial sphere — would appear

on the meridian about four minutes

Chance in altitude of sun on the meridian with respect

to the celestial equator is demonstrated in the illustration.

above. Paths traced by sun on celestial sphere are given

for the opening days of spring, summer, fall, and winter.
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I HTh's equator plane stays parallel to itself as the earth
r olves around sun. Angle between equator plane and the

ecliptic plane is constant. When the line of intersection

passes through sun, day and night on earth are same length.

ner than the sun. This difference

a Is up to about two hours in a month.
;ause man regulates his affairs by
sun rather than by the stars, he is

icerned with solar rather than si-

eal time. Sidereal hours are slightly

rter than solar hours, so it is im-

d'tant, in time calculations, to specify

t| kind of time units that are used.

n December and January the sun is

ai)arently moving eastward at such a

riB that the earth must turn more

than four sidereal minutes longer each

day to bring the sun to the meridian.

The same is true in June and July. Be-

tween these seasonal extremes, the sun

seems to be moving northward or

southward in the sky, with the greatest

motion in March and September. An
appreciable fraction of its total motion

along the ecliptic is "wasted" in this

north and south movement, at least in

relation to determining time. Thus, for

time-keeping, the sun's effective lo-

cation on the equator is changed more
slowly during spring and fall. At these

seasons, the earth does not have to

turn so far (about 3.6 sidereal min-

utes past 24 sidereal hours) to return

the sun to the meridian each dav.

THE analemma would be a svm-

metrical figure 8 with respect to

the meridian and the equator if the

inclination of the axis were the only

cause operating. The motion of the

II



Sun moves slightly more than thirteen degrees along the

ecliptic during every two-week period. In the summer and
winter this motion is nearly parallel to the equator; in

the spring and fall less of the thirteen-degree movement

sun along the ecliptic is not uniform,

however, being faster in winter and

slower in summer. This effect was

known to ancient astronomers, but

was first described mathematically by

a simple law that was deduced by

Johannes Kepler.

Kepler was a mathematician who
became an assistant to Tycho Brahe,

at that time the world's best astro-

nomical observer, about A.D. 1600.

Tycho had accumulated accurate ob-

servations of the planets for many
years. Kepler used the positions of

the planets to determine certain laws

that described the motions of the

|)lanets around the sun. One law stated

that each planet moved in an elliptical,

rather than a circular, path. The sun

was located at one of the focal points

of each ellipse. A second law concerned

the speeding-up of each planet as it

passed perihelion (the point in its

orbit when it is closest to the sun) and

its leisurely passage of aphelion (the

point farthest from the sun)

.

CONSIDER again the line between the

earth and the sun that generates

the plane of the orbit. The line covers
j

a certain area of the orbit from week

to week, completing the orbit in a

year. Kepler discovered that the area

the line generates is exactly the same

size every week of the year: the line

joining the planet and the sun sweeps

12



is transferred to equator for time-keeping purposes. The
daily intervals from a sundial noon to a sundial noon are

longer in summer and winter than in spring and fall. This

variation is the main cause of the shape of the analemma.

over equal areas in equal times. When
the earth is close to the sun, the line is

short; so the earth must move fast to

cover the required area. Around aphe-

lion, the line is long, so the earth may
move slower to describe an equal area.

Since our motion around the sun

makes the sun appear to move around

the sky, our varying speed is reflected

in a variation of the speed of the sun

along the ecliptic. The earth is closest

to the sun about January 2, so the sun

moves farther along the ecliptic in a

day at that time than it does in other

parts of the year. The rate of the earth's

spin does not change, however, so the

earth must turn farther each day to

bring the sun back to the meridian.

During the summer the sun moves

slowly along the ecliptic, so the addi-

tional turning is less than in winter.

There are, then, two independent

effects that combine to produce the

analemma. One is the eccentricity of

the earth's orbit, which causes a change

in the apparent speed of the sun across

the sky: this change goes through a

complete cycle in a year. The other

effect is caused by the inclination of

the equatorial plane to the ecliptic;

this causes the sun to mo\ e obliquely

with respect to the equator, resulting

in a speed across the sky that goes

through two cvcles of change in a year.

The second effect is larger, so it pre-

dominates in producing the figure 8.

13
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LissAJous FIGURE results when daily

di£Ferences between sundial noon and
clock noon are plotted in relation to

the sun's declination during one year.

Kepler's second law is demonstrated,

above. Earth traverses orbit segments
A, B, and C, of differing lengths, in

identical time. Light areas are equal.

Since the sun takes varying length

of time to return to the meridian eac

day, the sun cannot be used as a goo

time-indicator. It would be much mor
convenient if we could replace the tru

sun with a fictitious sun — one tha

moved uniformly along the equatoi

The fictitious sun could be matchei

to the real sun at the beginning of eac]

year, and its motion could be timed ti

coincide with the true sun at the en(

of the year. In effect, the fictitious sui

would smooth out the variations o!

the true sun and be a regular time

keeper, having the average motions o;

the true sun. Astronomers have actu

ally used the concept of an averagi

sun for centuries. The time determinei

by the mean sun is mean solar time

and is the basis of our standard time

AS the man with the sundial dis

^ covered, clock time can diffe;

from sundial time. The latter is callet

apparent solar time, because it is de

termined by the place where the tru(

sun appears to be in the sky. If differ

ences between the two methods o:

keeping time were correlated, the tabli

of differences, taken in the sense o

apparent time minus mean time, woul

be called the equation of time. A

diagram of the analemma can be pro

duced if the equation of time is plottei

horizontally and the declination of thi

sun (position north or south of thi

equator) is plotted vertically (see th

illustration at upper left).

It is only after these prelimin

aries that we are able to define th

analemma simply. It is a one-yea

graph of the sun's declination and thai

equation of time. The shape of the

analemma is produced by the inclii

tion of the earth's axis and the eccentri-

city of the earth's orbit.

Distortions and asymmetries in the

analemma's form are chiefly a result

of differences in the starting time of!

the two effects. If the earth could be

at perihelion and at the winter solstice

at the same time, the analemma would

be symmetrical around the meridian.

There is no physical reason why these

two dates should coincide, so it is only

by chance that they are about eleven

days apart at this time. Disturbances

in the motions of the earth, caused

by the presence of the other bodies

in the solar system, result in this

difference changing over the years.

Sun's shadows at clock noon during i

year trace analemma's shape on ground. I

H
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Breeding behavior is influenced by vocal recognition

\bices of the Adelie
By Richard L Penney

''Trains" of penguins cross sea ice in

mid-October on return to the breeding

grounds at Wilkes Land in Antarctica.



HE SOUTH POLAR PENGUINS are

members of the taxonomic family

Miiscidae, in which there are sev-

fii species that range from the

iial islands of Galapagos down
ithin oOO miles of the South Pole.

here are only two truly Antarctic

ics—the largest of the family, the

eror (Aplenodytes foresteri), and

the medium-sized Adelie fPyposcelis

adeliae). The latter in particular have

attracted explorers' attention for the

past 75 years, and around their curi-

ous habits and odd appearance have

been woven many a tall tale.

The observations of Dr. Edward
Wilson and Dr. G. Murray Levick on

British Antarctic expeditions during

the early 1900's gave us a general view
of the Adelie penguin. They first saw
the Adelies standing on ice floes as the

ships fought their way south through

the pack ice. Once inside the pack, in

the open water between the pack and
the continent, the men again observed

large numbers of jjenguins, this time

propelling their curious little bodies

\



through the water at the speed of the

ship. Upon reaching their destination,

the explorers found that the Adelies

had beaten them to the choice camping

sites—the exposed rock of the Antarc-

tic coast—which is inhabited during

the summer months by vast rookeries

of the birds. It is here that they build

their nests of small stones, lay their

two eggs, raise their young, and then

depart again for the pack ice to the

north, where they spend the seven win-

ter months feeding on krill—small,

shrimplike animals, primarily mem-
bers of the genus Euphausia.

Two questions occurred to the

early observers. First, how could

so densely concentrated a group of

birds order their lives and successfully

raise their young under such stringent

conditions of wind and cold? Second,

as each bird, whether male or female,

appeared to the human observer ex-

actly like the next, how could a return-

ing mate find its partner, the correct

nest, or its chicks?

In 1914-15, Dr. Louis Gain began

to answer some of these questions by
Loud mutual display takes place as

pair that mated the previous year meet
at nest for the first time after having
been separated for seven-month period.

Occupation of territory is begun as

male gathers stones for nest and seeks

its mate. Later, female aids male in

stone-gathering and hollowing out pile.

marking a group of adult birds with

colored leg bands. A year later he
found several breeding in the same
area where they had been banded. Un-
fortunately, this very obvious tech-

nique of marking birds and following

their activities was not attempted on

a large scale with the Adelie penguin
until the late 1940's, when Dr. W.J.L.
Sladen spent two years in the Falkland
Islands Dependency Survey—one at

Hope Bay and another at Signy Island.

Simultaneously, the French biologist

Dr. Jean Sapin-Jaloustre and his co-

workers were carrying out an ecologi-

cal study on the Adelie penguins in

Adelie Land. Sladen marked his birds

with aluminum bands and observed
them throughout the breeding season.

Many of his conclusions formed a

starting point for my own study, which
was carried out from 1958 to 1961.

Under the sponsorship of the Na-
tional Science Foundation and the

U.S. Antarctic Research Program, I

spent twenty-six continuous months in

the Antarctic, where I established

quarters among a small rookery of

3,000 breeding birds. The procedure

was to band and closely observe a

large number of breeding adults,

chicks, and one-year-old juveniles



Ecstatic displays by males on nests head-up stance, accompanied by throat

are characterized by bowing and by a rattling and slow beating of flippers.

a loss and {;ain in liinls lliri>uj.4iout tlie

study period. By obscrvinp; these

marked birds throughout the 19.59-60

season and again during the 1960-61

season, it was possible to construct a

resume of their breeding behavior.

'I he first individual at the breeding

grounds in spring arrives in the middle

of October, followed by large numbers
of its fellows that come in over the sea

ice a few days later, appearing at first

as little black dots visible at a great

distance on the white expanse of ice.

They may come either singly or in

groups. When in groups they are in

"trains," weaving along over the sea

ice and the snow. This much-advertised

and odd behavior pattern, in which

one bird is followed by several in a

row. all pushing themselves along on

their bellies, is especially obvious

when the snow is soft and deep. The
preference for a "broken" trail is dem-
onstrated in this behavior, for if I

dragged my feet through the soft snow,

groups would follow me about in all

sorts of strange configurations not

leading to the rookery. This following

is further stimulated by the attraction

throughout two consecutive breeding

seasons—something that had not been

done previously, but was essential for

answering many questions concerning

nest site stability, faithfulness to mate,

and breeding age. In this article, the

information will be drawn primarily

from the behavior observed in one of

the thirteen colonies under study. The

behavior of these birds is typical of

that found in over 1.000 other banded

birds, because each colony of the rook-

ery functions as a population unit and

there is very little intercourse between

the separate colonies.

IN
colony IV, I banded every adult

and located its nest by map or

I
marker during the 19.59-60 breeding

I
season. This included not only the

i breeding birds but also those that took

j

up temporary residence, such as a

male claiming a nesting territory late

in the season or a female stopping by
temporarily to "keep company" with

such males. Seventy-six individuals—

36 females and 40 males distributed in

37 nesting territories—were banded
under such conditions. The excess of

males for each site is due to intermit-

tent occupation of the same site by

more than one "wandering" bird or

Flooding of nests is not infrequent

occurrence, and here male attempts to

rescue egg by building new nest around
it. Watching female seems unconcerned.
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that almost any dark-colored, moving
object apparently has for them.

These unique trains have suggests!

to some that it is a way for "unkn(a\

ing" birds to be led back to the breed-

ing grounds. This, however, does nul

appear to be the case, for the leader-

ship often changes throughout many
miles of travel, and when the sea ice is

fresh and hard, such trains tend to be

considerably reduced.

Once the gregarious birds enter the

rookery, there is a distinct change in

their behavior. They are now no longer

so responsive to the movements of the

other birds, and each goes his or her

own way in a specific manner. Gener-
ally the males return first. Twenty-
eight pairs came back to colony IV in

the 1960-61 season. Of these, fourteen

pairs had the same mates and returned

to the same nests as in the previous

year, with eleven of the males preced-

ing the females back to the nesting

territory. Having immediately taken

up the previous year's territory, the

male protects the area from all intrud-

ing males, if necessary fighting a long,

hard, and sometimes bloody battle

with bill and flippers. Occupation of

the nesting territory involves—in ad-

dition to defense—gathering stones

for the nest and a spectacular, inter-

mittent ecstatic display. Rearing his

head up and back, the male waves his

flippers slowly back and forth while

emitting a low, pulsating sound. The
climax is reached with an ear-splitting

and reverberating "gaa,aah,aah,aah.'*

THE sound attracts a female and she

approaches the territory of the

male. Should she be a stranger, she

approaches the nest with an appeasing
bow of the head and with stares from
one or both eyes. If staring with one
eye, the side of the head faces the

male; if with both eyes, the bill faces

him, and the stare is somewhat cross-

eyed. As the display ends, the male re-

plies to the female with similar staring

and with a bow that is often over his

shoulder. This is followed by a re-

markable performance in which the

male lies prone on the site and, using

his feet, begins scraping a hollow in

the pile of stones he has collected. A
routine of stone-gathering and inter-

mittent loud and soft mutual display-

Incubating of eccs is done by males
while females feed. Distance between
the nests averages twenty-eight inches.



riji iheti begins unless the pairing is

plit by the return of the male's mate

if the previous year. When this hap-
'"'*

lens, the newly returned mate will

early always fight with or at least

rive off the first female. The second

eniaie then joins her mate amidst loud

iiiliial displaying and vocalizing.

The loud and the soft displays are

listinct phenomena, not simply grada-

ions of sound. During both types of

isplay, the heads weave back and

orth. In the soft type, the bills are

ept closed, while in the loud, the bills

re open and the resulting sounds can

le heard a mile away. This display is,

s we will see, a means of confirming

dentification. Should the male not be

iresent when the female returns she

fill often wait about the colony for a

lay or two and then will take up with

"single" male. In this way, new pairs

re formed from both old and newly

reeding birds alike.

tei

[T is unusual for a returning female

or male not to reunite successfully

^ith its former mate, except in the case

f very late return. The birds demon-

trated an amazing capability for head-

ng directly for a precise nest when
eleased on the polar plateau some 35

ailes inland and well out of sight of

he rookery and the sea. In another

ase, on December 3, 1959, I sent five

dult males on a plane to McMurdo
lound, where they were released. The
lext October, three out of the five were

ound back at their previous nests,

laving walked and swum for over

1,400 miles along the coastline. This

s a good pace of about eight miles

laily, as they do not travel at night,

md winter days are very short. In ad-

lition. of course, it was necessary for

hem to stop to feed on the way.

Both sexes share in the stone-gather-

g and the scraping of the "scoop'

)r hollow in the stone pile (sex cannot

56 established by following the com-

non misconception that males present

stones to females). Coition occurs

/ery soon after the pairs are formed

and is repeated many times until the

ggs are laid and even between the

drst and second egg. Egg-laying begins

the middle of November, when

nearly all the birds are in the rook-

5ry. Two eggs are laid two or three

days apart, after which the female

leaves for the sea to break her fast of

usually two weeks. The male stays be-

hind to incubate the eggs. Often, re-

versals in the routine of incubation

Males, relieved from nest duty upon
return of females, gather in groups on

occur in some special circumstances.

The female returns after a couple

of weeks. She pops out of the water

onto the ice foot at the beach along

with a group and heads directly and
rapidly for her mate and nest. Upon
nearing and reaching the site and
mate, there is an instantaneous loud

mutual display. A short "nest-relief"

ceremony ensues, in which the female

takes over the incubation and the

male gathers a few stones to replace

those stolen by late nest builders. He
is then free to depart and break his

Abrupt departure occurs when enough
interstimulation has taken place. The

edge of ice hi-fori; lin-uking long fast,

which may have lasted for forty days.

fast, which may have lasted forty days.

The departing birds gather in groups
on the edge of the ice, leaving abrupt-

ly when sufficiently interstimulated.

First they clean and preen themselves

in the water, and then, at a steady

pace of 8 to 10 miles an hour, they

head out toward the pack ice and food,

where they stay for about two weeks.

One of the more interesting facets

of my research concerned individual

recognition between mated adults.

The question of inter-mate recognition

from one breeding season to the next

birds then jump from the edge of the

ice to water six or seven feet below.
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BAND is attached to bird's

facilitate checking of the

re-formation of pairs and their return

to former nest sites in the next season.

is pertinent when considering whethei

it is faithfulness to territory or indi^

vidual recognition that keeps pairs tO'

gether from year to year.

WATCHING many re-formations ol

banded pairs early in the season

observing closely the fights between

females over males (a male fights for

his nesting territory and its female oc-

cupant, not the female per se) , and

recording the events of many nest

relief ceremonies, I was impressed by

the predominance of the very loud

mutual display. As was also concluded

by Sladen, the display's vocal aspects

seemed to confirm the identity of in-f

dividuals. This idea was thoroughly

supported by natural experiments or

"mistakes" by a returning bird. On
several occasions, banded birds were

observed to rush up to the wrong nest

and give the loud call of the nest-relief

ceremony. Instead of getting the usual

reply, they were pecked by the incubat-

ing or guarding bird on that nest. I

observed that if the mistaken nest and

mate were adjacent to the correct one,

the proper mate would answer loudly,

and in response, the returning mate

would move to the correct nest.

After hatching, young are covered by one or the other of

the parents for four or five weeks. During this time their
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weight increases enormously, and when they are about two
weeks old the bodies protrude from under covering parent.



While trying to think of an experi-

lental setup to test such recognition,

discovered that some broody incuba-

ng adjacent males or females could

e switched to each other's nests. I

i, lade five such switches and recorded

lie results for banded pairs. It was

ound that the returning mate would

t first return to the correct nest, call

Dudly, get pecked, and then join the

orrect mate ( on the wrong nest
)

,

irhich had replied to the initial call,

bviously having recognized the voice.

n each case, the breeding routine re-

aained normal and the eggs of the

ther nest were raised. From this I

onclude that in both sexes the recog-

ition of mate overrides preference for

,e nesting site, and that audition is a

lore essential cue in establishing

lentity than is vision.

The eggs hatch after an average in-

ubation period of thirty-four days,

leanwhile, the nest reliefs have be-

ome more frequent until they are only

liree to four days apart at hatching

me. The young chicks are fully cov-

red by the parent on guard (the next

our or five weeks are called the guard
tage) and fed on regurgitated krill

veil mixed with digestive fluids.

be

Mr. Pennky is iiii» h.-twecn ifsearrli

trips to Anturilic;!. lie is prfsenlly
Research Assistiiiil in University of

Wisconsin's Department of Zoology.

The seemingly insatiable appetite of

these chicks soon transforms 80 grams
of fuzzy down into rotund and very

comic creatures. When two weeks old,

it is already difficult for the parent to

cover them, and their well-insulated

bodies are to be seen protruding from
under the parent. When four weeks

of age, the nest-relief ceremonies are

down to about one day apart, and a

chick that weighs about 1,.500 grams
can easily hold that weight in food.

At about five weeks, the chicks are

deserted by both parents, which are

busy gathering food and return only

briefly to feed the chicks. It is now the

second or third week of January, and

the deserted chicks gather in groups

called creches. Often there are some
adults present in the colonies with the

creche. It was formerly thought that

these adults were left behind to act as

"guardians" of the creche to protect

them from their ever-present enemy—
the south polar skua (Catharacta skua

maccormikkii) , scavenger-predator of

similar distribution to that of the Ade-

lie. However, as stated by Sladen, the

guardians are not guards at all, but are

merely unsuccessful breeding birds

that have returned to the rookery to

claim or maintain a claim on a nesting

territory. In actual fact, I feel some
such protection does occur. A reoccu-

pying adult Adelie protects a consid-

erable area around the "claim" as

compared with an adult early in the

breeding season. This defense even ex-

tends to the creche chicks, although

they are treated with a certain ambiv-

alence. Should a skua land near a col-

ony or, especially, near the claim of

such an adult, the Adelie will charge.

The skua usually flies away, so the

Adelie's action functions in a non-pur-

posive way as protection of the chicks.

IN
the absence of adults, the chicks

huddle together in the colony until

a parent returns with food. The parent

bird enters the colony, finds the pre-

vious nesting territory (the nest itself

is now obliterated!, and gives the

familiar components of the loud mu-
tual display to the ground. The chicks

hear the voice, come running, and are

fed. On occasion, these chicks are 30 to

P^'^ir/-^
Voice recognition by young is demonstrated when both of

the parents are gathering krill and chicks are huddled in

creches. When parent returns with food to obliterated nest
site and calls, only its own chicks respond to its voice.
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Molting adults seek protection from
wind on lee side of hills, where they

40 feet from the location of the former

nest. Only the adults' own chicks are

fed, even though several may give

chase and beg for food. This was

first demonstrated by Sladen (working

with marked adults and chicks
)

, who
finally disproved the old idea that the

healthiest and the strongest chicks were

the ones fed during feeding chases.

THIS parent-chick recognition was

of special interest to me. For the

first few weeks of the chick's life out-

side the egg it has many opportunities

to hear and learn the voices of the two

parents during the nest reliefs of the

guard stage. It seemed logical to me
that auditory recognition could be

functional during the creche stage, and

to test it a loud-speaker was set up out-

side the colony when all adults were

absent. The creche of chicks was sleep-

ing in the center of the colony. When
a previously recorded portion of a

particular parent's loud mutual dis-

play was played back on the tape re-

corder and over the loud-speaker, it

was found that the marked chicks of

that particular parent got up from the

creche, looked about, and then hurried

over to the original nest site to remain

with what can only be described as an

"anticipatory air." This experiment

was repeated ten times, using various

gather in small groups. During molting
they lose half of initial body weight.

recordings and marked chicks, and
nine times the results were positive.

Significantly, none of the other chicks

reacted in this manner, but remained

huddled in the creche, a few of them
merely looking up.

The creche stage of the breeding

season continues into the second week
of February while the chicks molt their

down and come into their juvenile

plumage. During the molt one year

later, they will attain the plumage of

the black-throated adults. The creches

begin to break up as the plumage of

the juveniles develop, and most of the

feeding chases end on the beach. Here
the chicks remain moving back and
forth in groups along the now ice-free

beach of bedrock. They get "excited"

by the sight of swimming birds, and
rush around exercising their flippers

with a very rapid whirring, while call-

ing in a distinctively immature "aark."

Soon they enter the water and navigate

quite independently of the adults, al-

though their aquatic habits are comic-

ally those of novices. Finally they

head for the pack ice to the north,

where they will remain until they

reach breeding age.

The breeding grounds now become
very quiet, even though there remain

several hundred adults and a few ju-

veniles that have returned or remained

in the rookery to complete thei

change of plumage. At this period

have engaged in a penguin roundu]

with the help of some Australians fror

the main base. I have "herded" ove

100 pugnacious and stubborn moltin:

penguins into a corral so I could banc

and weigh them. What starts out as

calm and well-organized drive ends uj

in near chaos and considerable "Ian

guage'' from both men and birds.

THE molt period begins with tht

bird at its maximum weight for thf

entire year and lasts for an average o

twenty-one days for adults. Nearl)

50 per cent of the initial body weigh
is lost during this period. The bird;

remain in small groups on the lee side

of the hills out of the fierce winds thai

begin to sweep down on the rookery

as the summer months draw to a close.

The number of birds that molt in the

vicinity of the rookery varies immense
ly from one area of the coastline to

another, but at Wilkes the number i

usually about a quarter of the breed
ing population, very few being adults

that have successfully raised young
that year. By the first of April nearly

every molter has departed, and the

scientist must pack up and return to

the main base to sit out the seven

months of winter winds and snow.

With over fifty years of good but

intermittent observations upon the

Adelie penguin, new behavioral in-

formation continues to emerge. Cer-

tainly the story is not complete, and
it is hoped that as the Antarctic Bird

Banding Program and scientific re-

search continues in the Antarctic many
more pertinent questions about this

amazing bird can be answered. We are

looking forward, for instance, to find-

ing out at what age they first breed. In

a land where one observer can only

stay for a limited time, it is very im-

portant that other interested people in

these vicinities look for returns (in

Adelies that were banded as chicks and

have returned to breed. It is also hoped

that future trips can be made for a

more thorough and controlled study of

the various mechanisms and cues that

enable this bird to navigate so effi-

ciently to and from the rookeries that

are scattered along the Antarctic's

seemingly unlimited white vastness.

Skua attacks chick that has roamed
from creche in background. Young can

often fight off the predator successfully.
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The Legless

Tetrapod
Caecilian poses questions for research

By Carl Cans

FEVVNON-HERPETOLOGISTS are aware

that there are three orders of re-

cent amphibians—animals often de-

fined as terrestrial tetrapods although

many return to water to lay their eggs.

Omitting many extinct forms, we have

frogs and toads, salamanders, and cae-

cilians. Adults of the first group al-

ways have four legs but have no tail;

those of the second generally have legs

plus a long tail. Caecilians seem to

defy the term tetrapod, as they have no

legs and only a short, stumpy tail. We
still lack details regarding their ances-

try, even though study of their em-

bryos and internal structure suggests

that they belong to the class Amphibia.

More than a hundred species of

caecilians ("blind snake") ,or apodans

("no legs") as they were called in

some old texts, have been described

from the tropics of Asia, Africa, and

the Americas. They seem to spend

their entire life below ground, burrow-

ing in moist earth, and in masses of

rotting vegetation and water plants

along the shores of streams and of

swamps. The young of some forms are

aquatic, as are the adults of one minor

group of caecilians.

These animals are only rarely im-

ported to Europe and North America.

Temperature extremes kill caecilians

quickly, as does dehydration, and few

dealers care to risk freight charges on

such perishable cargo.

The caecilian shown here was re-

ceived in an air shipment of burrowing

lizards from Colombia. South Amer-
ica. The animal—identified as Sipho-

nops annulatus—was a glistening blu-

ish black, with 94 white rings dividing

the firm, muscular body into segments.

The 18-inch specimen measured %
inch at mid-body. It felt slightly moist

to the touch, and the skin secretions

had an irritating effect when I acciden-

tally rubbed my eye after handling the

animal. In spite of the presence of a

mouth, nostrils, and rudimentary eye-

spots, it was difficult to tell the head

from the tail. It quickly became used

to sterilized, soaked sphagnum moss.

Observation showed that the Sipho-

nops would readily eat large earth-

worms (see photograph, Ze/<) or night

crawlers, generally ignoring slugs,

snails, or insects. Ordinarily it kept

most of its body underground, leaving

just its head and part of the neck ex-

posed from dusk to dawn. The head

would be motionless for hours, and

only the occasional pumping, breath-

ing motions of the blue-black throat

suggested that the animal was alive.

Several questions occurred to the

researcher. How did Siphonops dig

tunnels? How did it recognize its

food? Why did it hide for much of the

day? One specimen is insufficient to

provide satisfactory answers to these

questions, but hints obtained by care-

ful observation can always be tested

when more specimens come to hand.

Siphonops' head could bend sharply

downward to allow the animal to tun-

nel down at an angle to the axis of the

rest of the body. Swings of the head

widened the hole, and the skin glands

seemed to lubricate the passage. The

heavy and continuous bony roof of the

skull lies just below the skin and makes

such a "head-on charge" possible, but

my Siphonops was an inefficient bur-

rower, far less effective, in fact, than

are many snakes and lizards.

Food recognition obviously does

not occur by sight, as the eye can only

Dr. Gans, whose work has appeared
before in Natural History's pages,

is Associate Professor of Biology
at the University of Buffalo, and
his special interest is herpetology.

Despite mouth, nostrils, and eyespots,

head and tail of animal look similar.

discriminate light from dark. I could

wave an object before the caecilian's

nose without a reaction, if I first

placed a thin, transparent sheet—film

or plastic—between the two. The shield

is necessary, as the head is extremely

sensitive to touch and minor vibra-

tions. Even air currents may cause

withdrawal. There is a suggestion that

the head receives the signal that sends

the animal underground when it be-

comes light. My caecilian always hid

its head upon withdrawing, but might

on occasion leave some portions of the

body exposed.

A sense of smell triggers the "hunt-

ing" reaction; Siphonops wiU

follow objects rubbed with earthworm.

It remains to be seen whether the smell

is noted by the nostrils or by the "ten-

tacle," a peculiar apparatus located

between eye and nostril. In Siphonops

the tentacle is a tiny pit with a center

that may be everted for approximately

one-half millimeter.

Only food produced reasonably rap-

id response from my Siphonops. The
head angled down and quartered the

ground along the trail. The mouth
gaped widely the moment contact was
made. The open, tooth-studded mouth
grabbed the worm at the point of con-

tact and the retreat of the caecilian

dragged the worm into the burrow.

The grip was sufficient to tear a worm
apart. Swallowing occurs at least part-

ly by a muscular peristalsis, and is

often accompanied by squeaking or

piping noises, the origins of which

have not yet been isolated.

As usual, the animal has provided

grounds for asking many more ques-

tions than the few it has answered. We
are now hoping for more specimens, in

particular to permit us to investigate

further the function of the tentacle.
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On the Track

of Wolves
Den observations reveal pack behavior

By Adolph Murie

M

WHEN ONLY Indians and Eskimo
knew the north, the wolf, cari-

bou, Dall sheep, and moose existed to-

gether in interior Alaska year after

year, century after century, each fol-

lowing its own way of life and each

adjusted to the presence of the rest of

the fauna and flora. Today these spe-

cies continue to exist together in the

north country, and the presence of the

wolf adds immeasurable richness and

a wilderness spirit to the landscape.

One need not see a wolf to benefit

from its presence; it is enough to

know that there is the possibility of

discovering one on some distant ridge.

My favorite wolf experience took

place one day in January some years

ago. From a cabin on the lower Toklat

River in Mount McKinley National

Park, my companion and I started

out at daybreak, he on snowshoes and

I on skis, each of us carrying a pack

containing bedroll and food, enroute

to Wonder Lake along the north boun-

dary of McKinley Park. We were

making a two-hundred-mile midwinter

trip to carry out general wildlife ob-

servations. Toward evening it became

stormy and we faced into a bitter wind

blowing the first snowflakes. By the

time we left the river and turned in

on a trail, it was dark and stormy. In

a few minutes we would have a fire

going, a warm cabin, hot coffee, and

a big meal. Now we savored the storm,

for it made the cabin just ahead seem

especiallv cozy. And then we stopped,

transfixed, for out of the storm came

music—the long-drawn, mournful call

of a wolf. It started low, moved slowly

up the scale with increased volume; at

the high point came a slight break in

Human predation contributes to the

current decline of the wolf populations.

voice, then a deepening of the tone as

it became a little more throaty, and
then a gradual descending of the scale

before the soft voice trailed off to

blend with the storm. We waited to

hear again the voice of the wilderness.

But the performer, with artistic re-

straint, was silent.

The history of the wolves in Mount
McKinley National Park during the

last forty years is. in a general wav,
well known. There is also considerable

information on the prevalence of the

wolf in interior Alaska, although

much of this information is conflict-

ing. There is often a tendency to report

a great increase of animals if any at

all are noted, so that, during a period

when wolves were much less numerous
than at present, there were many re-

ports of their abundance. Sometimes
the caribou, the principal wolf food,

shifts its range and brings wolves

along with it into new territory, where
they are noticed and commented upon.

I
suppose the history of wolves varies

a little in different parts of interior

Alaska, but that the general pattern is

similar throughout. Since there are

586,400 square miles in Alaska, of

which 3.030 square miles are in Mount
McKinley National Park near to the

center of the state, it can perhaps be

assumed that in its broad aspects the

status of the wolves in the park has

corresponded closely with that of the

animals in interior Alaska as a whole.

Some time after 1908 the wolf pop-

ulation in the Mount McKinley re-

gion—and perhaps also in other parts

of the interior of Alaska—was consid-

erably reduced. An old-timer who had
hunted sheep in the McKinley area in

1916 and 1917 told me he saw no
wolves or wolf tracks there during

those years. In 1920 and 1921 my
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Caribou comprise principal Jiot of the

Mount McKinley wolves, which may
cache meat when it is scarce, but leave

it lying out in the open when plentiful.

Their fur matted and dripping, wet
pups stand on boulders in midstream

after taking a swim. Wolf tracks are

often seen in damp soil of river banks.
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brother, Olaus, visited a number of

localities in interior Alaska in iiis

travels by dog team and found wolves

absent or scarce in most places. In

1927 it was reported that the wolves

were becoming more numerous. A
band of eleven was noted by one of the

rangers. From 1928 to 1941 wolves

were reported each year as plentiful in

the park, and apparently there were no

large population fluctuations during

that period. Since 1941. and especially

since 1950. wolves decreased—prob-

ablv largely because of poisoning pro-

grams and organized hunting that has

been conducted from airplanes beyond

the park borders.

IN
1940, my second year in the field,

I made some effort to find one or

more wolf dens. In den hunting, one

must turn detective and use every clue

available. Unfortunately, some of the

clues may only serve to give a false

notion of the location. Seeing wolves,

if one is fortunate enough to see them,

may be suggestive. In the morning,

wolf travel is likely to be in the direc-

tion of the den, and in the evening,

most usually, away from it.

After a fall of snow about the mid-

dle of May, 1 saw wolf tracks on the

broail gravel bar of Kast Fork River

directly in front of the little log cabin

in which I was camped. The tracks led

both up and down the river. I followed

them for a mile or more to a point

where they climbed a bluff bordering

the river bar, and there 1 surprised

myself and a black wolf, a male. He
ran off about a quarter of a mile into

a ravine and howled and barked at in-

tervals. Following tracks going out to

the point of the bluff, I found the den.

As I stood four or five yards from the

entrance, the female—a gray animal—

furtively pushed her head out of the

burrow, and then, on seeing me. with-

drew. But in a moment she came out

with a rush, galloped part way down
the slope, and stopped a moment to

bark. She loped away and joined the

male, and they both howled and barked

from the nearby ravine until I left.

From the den issued the soft whim-

pering of the pups. I wriggled into the

burrow, which was sixteen inches high

and twenty-five inches wide, to investi-

gate the young. Six feet from the en-

trance was a right-angle turn. Here

the burrow was enlarged to form a

bed the female had apparently been

using, for it was well worn. From the

turn, the burrow slanted slightly up-

ward for six feet to the chamber in

which six pujjs huddled squirming.

One seemed lighter in c<j|or than the

others. I placed her in my jiacksack to

take back to camp and raise for closer

observation and acquaintance.

ON a ridge across the river from the

den and about, half a mile from

it. 1 found a good observation point—

a

view of the den and the surrounding

landscape for several miles in all di-

rections. Between May 1.5 and July 7

I spent many hours watching the h(jme

life of this Alaska wolf family. The

longest vigil was thirty-three hours,

and twice I observed them all night.

A few days after beginning an al-

most daily watch of the den. I was as-

tonished to see two strange gray male

wolves move from where they had

been lying a few yards from the den

entrance. They rested at the den most

of the day. At 4:00 p.m.. in company

with the black father wolf, they depart-

ed for the night hunt. Because I had not

watched the den closely the first week,

I do not know when the two gray males

first made their appearance, but judg-

PosiTiON ON HILLSIDE affords wolves

advantage over some prey. From here

these four can block escape of sheep

fleeing to safety at higher elevations.

31



Hunting in packs is usual among the

wolves, because three or more are able

to track down, cut out, and overpower
their prey with speed and efficiency.

^^'^

%i
Although aware of wolves' presence,

caribou usually do not run from them
unless pursued. Predators most often

take weak adults and newborn calves.

ing from later events, it is likely they

were there occasionally from the first.

Five days later I saw a second black

wolf, a female, making a total of five

adults at the den—three males and two

females. These five wolves lounged at

the den day after day.

I do not know the relationship of the

pair to the two extra males and the

extra female. The extras may have

been pups born to the gray female in

years past, or they may have been her

brothers and sister, or no blood rela-

tion at all. The presence of extra adults

is an unusual family makeup, prob-

ably an outcome of the close associa-

tion of the wolves in the band.

Late in July another male joined

the group, and a little later a fourth

male appeared. These seven, or vari-

ous combinations of them, were often

together in August and September.

Wolves vary considerably in color,

size, contour, and action. The mother

of the pups was dark gray, almost
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"bluish," over the back, and had light

under parts, a blackish face, and a

silvery mane. She was thick-bodied,

short-legged, short-muzzled, and
smaller than the others, making her

easily recognized from afar.

THE father's black coat had a yel-

lowish vertical streak behind each

shoulder. From a distance he appeared

coal-black except for the shoulder

marks, but a nearer view revealed a

scattering of silver and rusty hairs,

especially over the shoulders and

along the sides. There was an extra

fullness of the neck under the chin.

On the hunts that I observed he usu-

ally took the lead in running down the

caribou calves.

The other black wolf was a slender-

built, long-legged female. Her muzzle

was exceptionally long and her neck

not as thick as the black male's.

What appeared to be the largest

wolf was a tall, rangy male with a

long, silvery mane and a dark mantle

over the back and part way down the

sides. The other wolves approached

this one with some diffidence, usually

cowering before him. He deigned to

wag his tail only after the others

had done so. He was also a dandy in

appearance. When he trotted off for

a hunt, his tail waved jauntily and

there was a spring in his step. At

times, this excess energy gave him a

rocking-horse gallop quite different

from that of any of the others.

The other gray male at the den I

called "Grandpa" in ni}- notes. He was

a rangy wolf of nondescript color and

without distinctive markings. He
moved as though he were old and a

little stiff, and sometimes he had sore

feet, which made him limp.

One of the grays that joined the

group in late July was a large male.

His face was light, except for a black

robbers mask over the eyes that was

distinctive and recognizable from a

distance. His chest was conspicuously

white, and he moved with spring and

energy. The wolf that joined the group

in August was a huge gray animal with

a light, yellowish face.

Despite their individualities, how-
ever, the group worked in concert. One
morning, when the original five adults

were lounging at the den. the mantled

male became noticeably alert, raising

his head to look around at two- or

three-minute intervals. Then I saw a

strange wolf, a small gray animal,

about fifty yards from the others.

ALL the wolves trotted to the stran-

ger, surrounded it, and for a few

minutes I thought there was just the

suggestion of tail wagging. But some-

thing tipped the scales, for suddenly

the wolves began to bite at the stranger,

which rolled over on its back, appar-

ently in submission. The attack con-

tinued, however, and it scrambled to

its feet and with difficulty emerged
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from the snapping wolves. Twice it was

knocked over as it ran down the slope

with the five wolves in hot pursuit. It

crossed the river bar, closely followed

by the mantled male. When the stran-

ger finally ran from sight, the mantled

male returned up the hill, tail held

stifflv out behind, slightly raised.

When he neared the den the four other

wolves ran out to greet him.

Another example of concerted ac-

tion involved grizzly bears. As a rule,

grizzlies and wolves occupy the same

range without taking much notice of

each other, but not infrequently the

grizzlies discover wolf kills and un-

hesitatingly dispossess the wolves. This

loss is not usually a serious matter to

the wolves, for if food is scarce the

kills will generally be consumed before

the bears find them.

When the bears take possession of

a kill in the presence of wolves, they

are much harassed, but they are so

powerful that the wolves must be care-

ful to avoid them, confining their

attack to quick nips from the rear.

THE bears are alert, however, and

usually the wolves must jump
away before they come near enough

for even as much as a nip.

One morning a female grizzly and

its three cubs appeared on a snowbank

about half a mile above the den. The

cubs were inclined to wander toward

the den on their way to the river bar,

but the female held a course down a

ravine to one side. On the bar they fed

on roots, gradually moving out of view

behind a hump of the ridge I was on.

Presently, the black male wolf re-

turned to the den, carrying food in

his jaws. He was met by four adults

and there was mutual tail wagging.

While the wolves were still bunched,

a dark object loomed up in the east.

It was a grizzly, and it appeared to be

following a trail, probably that of the

female grizzly with the three cubs.

The bear was in a hurry, occasionally
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breaking into a short gallop. As it

3ame downwind from the den, it threw

up its muzzle, sniffed the air, and con-

tinued to gallop forward. The five

wolves did not see the grizzly until it

was a little more than a hundred yards

away. Then they galloped toward it,

the black male far in the lead. When
the bear saw the approaching wolves,

it turned and ran back over its trail,

with the black wolf close at its heels.

The bear retreated a few jumps at a

time, but had to turn to protect its rear

from the wolves, which tried to dash

in and nip. When all the wolves had

caught up with the bear, they com-

pletely surrounded it.

As it dashed at one wolf, another

would drive in from behind, and then

the bear would turn quickly on that

aggressor. But the wolves were quick-

er, and quite easily avoided its rushes.

Sometimes the lunge at a wolf was a

feint, and in the sudden turn following

the feint the bear would almost catch

a wolf rushing in at its rear. As it

lunged at a wolf, both paws reached

forward in what appeared to be an

attempt to grasp it; there was no quick

.slaj)|)ing with its jjowcrful paws. The
target was ]jerhaps too distant for such

tactics. After about ten minutes of this

the two female wolves withdrew to-

ward the den and shortly thereafter

tne wolf identified as Grandpa also

moved away from the bear.

THE black and the black-mantled

males worried the bear for a few

more minutes, and then the latter lay

down about seventy-five yards away.

A few tninutes later the father wolf

also departed. Left alone, the bear re-

sumed its travels in a direction that

would take it to one side of the den;

but not for long. The black-mantled

Close family unit is characteristic of

these animals. Pups of one female are

sometimes watched over by another,

allowing the mother to join in a hunt.

r
Drifts give support to young wolves,

left, that must learn to walk on ice.

Both male and female adults seem to

be attentive and tolerant toward pups.
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Individual wolf coats may be light,

black, or some combination in between.

male quickly attacked, and the other

four wolves approached at a gallop for

another five minutes of worrying the

bear. This time the bear turned and
slowly retraced its steps, disappearing

in a swale about a half-mile away.

Wolves, in common with most flesh

eaters, often cache excess food for

future use. When there is an abundant
supply, however, food-caching is often

omitted. I have found caribou calves

left untouched where they were killed

on the calving grounds. The wolves

had seemingly been aware that there

was not much point in caching them,

since food was so readily available on
all sides of them.

OA" another occasion, when the bulk

of the caribou herds had moved
out of the region, and food was not

readily available, I observed a hungry
wolf voraciously eating a calf for more
than half an hour. Then she chewed un-

til a foreleg and shoulder had been sev-

ered. With this piece in her jaws, she

waded the stream and trotted about
three hundred yards up the bar. Here
she stopped and, still holding the leg

in her mouth, pawed a shallow hole

in the gravel and placed the leg in it.

Then, with a long sweeping motion of

her head, she used her nose to push
gravel over the leg. The job was quick-

ly completed, and she trotted back to

the carcass, chewed ofi' the head and,

this time, buried it about three hun-

dred yards away without crossing the

stream. On the third trip she carried

another leg and cached it on the side

of the river from which I was watch-

ing. When she returned to the carcass

from this trip, the wind shifted, bring-

ing my scent to her. Without hesitat-

ing, she trotted briskly across the

stream and up the bar, not stopping

until at least half a mile separated us.

At East Fork, some of the food was

_/-\_ brought directly to the den, and
there I often saw the young feeding on

it, but much of it was cached one or

two hundred yards away, and some of

it as much as half a mile away. The
wolf that remained at home during the

night went out to these food caches,

and occasionally one of the other

wolves ate a little from them during

the day. Those that hunted probably

ate their fill near their kill.

There was considerable variation in

the time of departure for the night

hunt. On a few occasions the wolves

left as early as 4:00 p.m., while at

other times they had not left by 9:00

or 9:30. Usually the hunting party

consisted of three males, but sometimes

one of the females was in the group.

The wolves hunted in a variety of com-

binations — singly, in pairs, or all

together. In the fall, the adults and
young traveled together much of the

time, forming a closely knit pack of

seven adults and five pups.

Considerable ceremony often pre-

ceded the departure for the hunt. Usu-

ally there was a general get-together

and tail wagging. One May evening I

left the lookout at 8:30 p.m., since the

wolves seemed, after some indications

of departure, to have settled down
again. But as I looked back from the

river bar on my way to camp, I saw
the two blacks and the two gray males

assembled against the sky line, wag-

ging their tails and frisking together.

They all howled, and while they

howled, the gray female galloped up

from the den a hundred yards away
and joined them. She was greeted with

energetic tail wagging. The vigorous

actions came to an end, and live muz-

zles pointed skyward. Their howling

floated softly across the tundra. Then
abruptly the assemblage broke up. The
mother returned to the den to assume
her vigil as the four hunt-bound wolves

trotted eastward in the ffatherinc dusk.

Accustomed to northern rigors, these

animals face into a mounting blizzard.

i
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Hummingbird Bats
Nectar-drinking Leptonycteris is a cactus pollinating agent

By E. Lendell Cockrum and Bruce J. Hayward

THE GREAT MAJORITY OF BATS—and
all those that live in the temperate

parts of the world—are insect-eaters.

Some feed almost entirely on microlep-

idoptera, others on small diptera

(but not mosquitoes) , while a few eat

arge, flightless insects and other ar-

thropods. However, among the many
hundreds of bat species, there is a

wide variety of diet. At least two kinds

of bats, both residents of the New
World, have become modified for a

diet of fish. Their hind claws are

greatly elongated and recurved, and

serve as gaffs to capture small fish and

shrimp from the water. Some tropical

bats are carnivorous, praying on small

birds and other bats, while the vam-

pire bats of the New World tropics

feed on blood of warm-blooded ver-

tebrates. Still others are fruit-eaters,

and several species, surprisingly, eat

the nectar of flowers.

Flower-feeding bats are not uncom-

mon in the tropical regions of the

world where, at night, they seemingly

fill the same ecological niche that is

occupied by hummingbirds during the

day. Two of these—the long-nosed bat

and the hog-nosed bat—can be found

as far north as the deserts of the south-

western United States.

The long-nosed bat (Leptonycteris

nivalis Tschudi) is a member of the

family Phyllostomatidae, or leaf-nosed

bats. It belongs to the subfamily Glos-

sophaginae, a group that has short,

rounded ears, a reduced tail and in-

terfemoral membrane, and an elon-

gated muzzle with a highly extensile

tongue. This tongue, which is often as

much as a quarter of the total length of

the bat, is covered with a series of for-

ward-projecting, bristle-like papillae,

making it a perfect instrument for

gathering nectar and pollen from deep

flowers. The diet of the members of

this subfamily varies according to the

species. The more primitive forms feed

on soft fruits and, to some extent, on

insects, while the more highly modi-

fied species, with greatly elongated

snouts, feed on the nectar of many
different species of flowers.

Blossoms of saguaro cactus have nectar that attracts the

long-nosed bat; plant's spines sometimes impale the animal.

Sacuaros of the southwestern desert, silhouetted against the

evening sky, bear night-blooming flowers on tips of arms.
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LONG-NOSED bats are found from

j southern Arizona and southern

Texas southward to Guatemala. They
are absent from the northern part of

this area during the fall, winter, and
early spring months, presumably hav-

ing moved south to areas where
flowers bloom all winter. Although
several thousand have been banded in

southern Arizona during the summer
months, none has been recovered dur-

ing the winter. A few miles from the

base of Arizona's Saguaro National

Monument is the famous Colossal

Cave, where the bats spend the day-

light hours during the summer, and
where their behavior has been studied

for the past several years.

Gravid adult females arrive in

southern Arizona sometime between
the fifth and the fifteenth of May. They

^¥m

LoNC-NOSED BATS alight on stalks of a

shin-dagger and work down seeking
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the nectar. Whitish cast of upper bat's

head is caused by abundance of pollen.



ongregate in large limestone caves, in

laternity colonies of up to 2,000 in-

ividuals. Here the young (one per

;male) are jjorn during the last half

f May. Unlike some species, the long-

osed bat does not carry her young

ith her on the evening feeding flights,

[ather, the young are usually trans-

orted to a special part of the cave,

here they are all placed in a large

luster. Banding studies show that the

ther recognizes her own young

mong the hundreds in these "nurser-

es." How she accomplishes this is one

f the many unsolved ni) steries about

he animal, for the mother will locate

ler own offspring even though it may
lave been moved several yards to an-

ither part of the cave. The young grow

apidly, and by the end of July have

eached adult size. At this time the Extremely extensile tom.i i; i- \ isible,

above, as bat approaches oi)en flower.

Bat "hovers" at flower for

or two, below, then moves to

a second

another.



Dr. Cockrum is with the University

of Arizona. Dr. Hayward is on the

staff of New Mexico Western College.

maternity colony breaks up, and
mothers and young move to other

caves in the southern part of the state.

During the existence of the mater-

nitv colonies, adult males and non-

gravid females are found in "bache-

lor"' colonies in still other caves in

southern Arizona. From late July un-

til they leave Arizona in late Septem-

ber or early October, there is an inter-

mingling of individuals from the

"bachelor" colonies with those from

maternity colonies. By mid-October

none can be found in the state.

THE feeding habits of long-nosed

bats are even more fascinating

than are their migratory habits. For

years the elongated muzzle and the

highly extensile tongue have led nat-

uralists to suspect that the bats feed on

the nectar or pollen of flowers. Experi-

mental data or observations to support

this view were not available. So we
examined bats just returning to a roost

in the early morning, and found that

their abdominal cavities were greatly

distended. In fact, one year we wished

to confine some gravid females in or-

der to make observations on the birth

of the young. Several with greatly dis-

tended abdominal cavities were placed

in a cage for later examination. A few

hours later we were surprised to dis-

cover that none of the females was

gravid, nor were there any young in the

cage. Again, early the next morning,

in that cold, dark time just before the

first traces of the new day begin to

show on the mountain peaks to the

east, we noted the presence of many
"gravid" females. One of these was in-

jured when we captured her, and when
her abdominal cavity was opened we
discovered that the stomach was so

distended with a clear liquid that news-

print could be read through the walls

and the enclosed liquid of the unrup-

tured stomach. The liquid was sweet in

laste. We were now certain that nectar

was an important source of food for

the long-nosed bat. but we did not

know what kinds of flowers furnished

ihe nectar. Subsequently, members of

the Department of Botany at the Uni-

versity of Arizona identified pollen

taken from both stomach and guano
samples, and they found that saguaro

and shin-dagger (Agave schollii) pol-

len made up the bulk of the grains that

were present.

In late May, 1960, a number of long-

nosed bats were taken from Colossal

Cave and placed in a specially con-

structed roost box, which in turn was

put in a large net enclosure along with

a number of saguaros and shin-dag-

gers. Approximately an hour after sun-

down the bats became active in their

artificial roost and. after scratching

and clawing behavior that lasted for

about five minutes, began to emerge

singly. After a few exploratory flights

around the cage, they started to feed

on nectar of the saguaro and agave

blossoms. The presence of observers

outside the enclosure did not seem to

deter them from normal feeding, nor

were they disturbed by a flashlight

beam pointed directly at them.

Feeding was accomplished in sev-

eral ways. The bats often landed at the

top of the flowering stalk of the agave

and worked downward, inserting their

long noses deep into each blossom

within reach. Then they moved a little

farther down the stalk and repeated the

procedure. The saguaro blossoms have

a very deep corolla tube, so the bats

often grasped the petals with their

forearms and feet and seemingly

forced their bodies deep into the

flower. During this process they care-

fully avoided the needle-sharp spines

of the plant. On rare occasions, how-

ever, they apparently do misjudge dis-

tances and become fatally impaled.

Another method of feeding con-

sisted of "hovering" in front of the

flower, burrowing the head deep into

the blossom, and remaining poised for

one to two seconds before moving on

to another. At such times, their resem-

blance to a giant hummingbird was

astonishing. A number of flowers that

had been visited frequently were ex-

amined for evidence of damage. None
of the anthers had been broken off. nor

were there any claw marks on the cor-

olla tube or petals where the bats had

grasped them with their feet.

SINCE it was thought that the flowers

in the enclosure might not furnish

enough food for the bats present, sev-

eral saguaro blossoms were filled to

the brim with sugar-sweetened water.

The first bats to feed at these emerged

snorting and with the fur of their heads

soaked with the syrupy water. No such

problems occurred when the corolla

tubes were only half-filled. Even
though there was enough syrup to last

for a long feeding time, the bats reJ

mained at a flower for only one or two

seconds, then returned again within

five or ten seconds to feed again. This

behavior was repeated until the flower

was empty. Undoubtedly, if the long

nosed bat could truly hover, it would!

remain at each flower for a longer

period of time, thus expending less

energy. From these observations and

from analysis of a series of photo-

graphs, it appears that feeding is prob-

ably a braking motion, and that food

must be secured before the forward

motion has completely ceased. At the

last instant, just before gravity takes

over, the bats veer to one side and fly

off. If nectar remains in the flower,

they return again and again until the

supply is exhausted.

Within an hour after feeding be-

gan, the animals' heads were notice-

ably whitish in color, as masses of

pollen clung to the fur. This indicated

that bats had a great potential as effec-

tive pollinating agents. A group of

people associated with the College of

Agriculture at the University of Ari-

zona and with the Saguaro National

Monument were interested in the gen-

eral problem of saguaro pollination.

They studied the flowers, and found

that of the 86 saguaro blossoms that

opened during the three nights the

long-nosed bats were in the enclosure,

53 formed fruits. In other words,

nearly 62 per cent were successfully

pollinated. Previous experiments had

shown that saguaro fruit is never set

by self-pollination. Hand pollination

resulted in a success of 71 per cent,

bees accounted for 52 per cent, and

white-winged doves for 45 per cent.

(The latter drink the nectar, and their

heads become covered with pollen,

which is carried to the next blossom.)

In other words, the long-nosed bats

are considerably more efficient polli-

nating agents than are bees or birds.

The long-nosed bat and its relatives

are truly hummingbird-like in their

feeding habits, and represent another

of the many strange and little-known

interrelationships that exist in the

"balance of nature." What we have

learned about the animal chaltenges us

with additional questions, not the least

interesting of which are: "How' far

south does thisbatmigrate?" and "On
what other flowers does it feed?"

Flexibility of modified forearm, or

wing, is clearly evident in flying bat.

Note blood vessels in wing membrane.
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Part II

Maya Mystery in Tikal
Continuous occupation of over 1,000 years is indicated

By William R. Coe

D'
KEP IN THE RAIN FORESTS of north-

ern Guatemala lie the Classical

\la\a ruins of Tikal — the greatest of

all the Meso-American centers. Since

I ''16. archeologists of The University

Museum of the University of Pennsyl-

\ aiiia have heen excavating and study-

irii; this site, whose vast extent had

long been recognized. Mapping has

shdwn that by Late Classic times, from

approximately A.d. 600 to 900, the cen-

lial section of Tikal contained nearly

i.DOO structures; inscriptions and oth-

er evidence that have been unearthed

indicate a continuous occupation of

(i\er 1,000 years (see Part I, August-

September issue, 1962).

In 1960, most of the excavation

effort was concentrated on the North

Acropolis — a splendid group of

formally arranged, diversely planned

Early Classic temples, perched on top

of a massive platform. Most contempo-

rary structures elsewhere at Tikal were

buried during the building splurge of

Late Classic times. However, the North

Acropolis survived largely unmodified.

It seemed likely that the deepest and
oldest levels might reveal the Forma-
tive remains of the elaborate ceremo-

nial life of the Maya, which by A.D.

300 had clearly evolved as "Classic."

By May of 1962 an L-shaped trench,

140 feet long, 30 feet wide, and .55 feet

deep, had been carried north through

the central axis of the Acropolis. Six-

teen plaster floors have so far been

penetrated, and only the five upper-

most ones proved to be Early Classic.

In its latest Early Classic form the

Acropolis consisted of eleven temples.

However, twenty-one buildings, all

built on pre-Early Classic floors, have

been discovered through trenching.

Many of these early buildings had

Pottery effigy, a remarkable find of

the Early Classic period, sits on three
crossed femurs and holds human head.

been obliterated in order to make way
for new floors and buildings.

During the 1962 season the oldest,

richest tomb yet found in the lowlands

was discovered in the Acropolis during

the dissection of a small, red-painted

platform. The platform had been built

on the eleventh floor back through

time and had supported a pole-and-

thatch building. The platform sealed

a deeply cut, crudely vaulted tomb,

which contained an amazing array of

twenty-four pottery vessels, all of Late

Formative types {ca. 100 B.C. I . An
extraordinary jadeite mask with inlaid

shell eyes and teeth lay with the pottery

on the tomb floor. The startling feature

was the individual to whom the tomb
belonged. He had been deposited

seated and bundled in textile wrap-

pings, but without his head or thigh

bones. These parts apparently had

been removed as relics before the body
was wrapped and buried.

A great mass of additional data is

to be co-ordinated with what is now
known and is still to be discovered in

the Acropolis, particularly that con-

cerning the Great Plaza, which lies

between the spectacular Temples I and

II, and that of the North Terrace,

which fronts the Acropolis. The de-

velopment of the pivotal, ceremonial

nucleus of this greatest of Maya sites

will have been exposed, as far as is

practical, from Formative to Post-

Classic times {ca. 500 B. C. to ca. a.d.

1400). Trenches and tunnels totaling

some 2,000 feet in length will have

been dug to satisfy this objective.

Concurrent with studies of the cere-

monial portions of Tikal, a great deal

of attention has been given to ques-

tions of the sustaining population.

Some forty-five rectangular, but other-

wise featureless, mounds were selected

and excavated simply because they

were small and up to a mile distant

from the ceremonial precincts. Three

of these proved to contain the remains

of "palaces" — that is, low-lying, usu-

ally long, multiroomed structures that,

at least theoreticallv, were used for

some administrative purpose. The re-

maining mounds produced variably

constructed, low masonry platforms,

which appear to have supported resi-

dences. All were built in Late Classic

times, about a.d. 800. Proof that these

were, in fact, houses is difficult to find

in this destructive tropical setting. The
assumption is that they were lived in,

but by what parts of the population

remains conjectural. The diversity in

plan and detail of the "houses' sug-

gests an architectural freedom that is

quite in contrast with the tradition-

bound temples that are found in the

central portion of Tikal.

A continuing puzzle is how the corn

fields, or milpas, were located in rela-

tion to Tikal, and whether the peas-

antry necessarily resided close to them.

What kinds of houses did the farmers

live in? The "houses" that have been

excavated appear too elaborate or sub-

stantial to have belonged to the peas-

antry, but this is onlv an impression.

There are also constant questions as

to the population of Tikal, if only dur-

ing Late Classic times.

TiKAL's limits have not been deter-

mined. If, as seems the case, small

clusters of mounds continue almost in-

definitely, each group with its intermit-

tent ceremonial nucleus, the definition

of "city limits" must be determined.

Of the mapped 2,750 structures at

Tikal. some 2.000 might be of appro-

priate size and location to have been

residences. If thev were concurrently

occupied and if the average household

consisted of five persons, a population

of 10,000 is indicated. However, in the

light of all these qualifications, a

guess of 50,000 or 100,000 would be
no less reliable. Population estimates

are fascinating mental exercises, but

they can reliably be based only on a
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SruccoEn bowl, intricately painted,

has a matching cover with bird handle.

Red vessel, 16 inches high, beloio,

is fine example of Late Formative art.

sampling of the small structures that

abound at Tikal as mounds. We are

sure that many other small structures

existed that have left no surface traces

whatsoever. The mounds excavated to

date have yielded only the most tenta-

tive clues as to the ways in which they

served. Social structure, political or-

ganization, administrative system,

ways of land tenure, and craft speciali-

zation remain topics for speculation.

WHAT has emerged in consider-

able detail is the powerful impact

on Tikal of influences from or about

the great contemporary Mexican site

of Teotihuacan, about 1,000 miles

away, and northeast of Mexico City.

This influence is most amply expressed



Detail of bowl at left depicts head

of Mexican deity, Tlaloc, and reflects

the strong Teotihuacan-like influence

at Tikal in late Early Classic period.

in the sumptuous pottery found in the

late Early Classic tombs of Tikal

(about A.D. 5001. It is still uncertain

whether some or all of the vessels were

direct imports from Mexico. It is con-

ceivable that they were made at Tikal

by Teotihuacan resident artisans or by
Maya potters who were very much
aware of the modes in highland
Mexico. Full technological and artistic

analysis should yield the answer.

Tikal's monuments, as well as its

pottery, indicate relations with Mexico
during this period. One, designated

as Stela 32, is especially striking for

the fact that the individual portrayed

on it in nearly full scale is the Mexican
rain deity, Tlaloc, showing features

typical of his representations at Teoti-

huacan. In this case, the apparent in-

sularity of the lowland Classic Maya
seems to have been breached. Of

exactly what this Mexican or Teoti-

huacan "contact" consisted is perplex-

ing. Nothing has been found at Tikal

to indicate that its ruling faction suc-

cumbed to a particular Teotihuacan

cult. Nothing points to invasion. While

cosmopolitanism might explain a taste

for real or copied Teotihuacan ceram-

ics and motifs, it is not easy to explain

why Tlaloc, the Teotihuacan deity.

Dr. Coe. Assistant Curator of the

American Section at The University

Museum, and the Assistant Field

Director with the Tikal expedition,

here concludes a two-part article.

was carved on Stela 32, for all to see.

Stela 31 is a further problem. Its

hieroglyphic text is entirely Maya.

The front, or principal, figure is

dramatically Maya. Yet. an incised

medallion above the figure's upraised

right hand is suggestively Mexican. In

addition, the figures carved on the

sides of the stela are dressed in Teoti-

huacan fashion, even to the shield with

a Tlaloc displayed on it. The emphasis

given the principal Maya personage

by necessity subordinates the Mexican

figures on the sides. With their spear-

throwers and shields, can the foreign

figures be considered simply as attend-

ants of a Maya priest? The answer as

to the identity of these weapon-bear-

ing dignitaries from Mexico may well
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lie in the undeciphered, short hiero-

glyphic inscriptions above each one.

Another important problem has been
raised by the excavation. It is now
evident that during Classic times many
of the great stone monuments of Tikal

were destroyed. Intermittent breakage
is indicated by the distribution of

the fragments of stelae and altars of

various periods, and there are some
suggestions of a pattern in their de-

struction. Stela 31 is a case in point.

This magnificent monument may have
been set originally at the base of a
temple that was later buried by a Late

Classic structure. The rear room of

this early temple became the final set-

ting for the upper two-thirds of the

stela, and it seems probable that the

heavy fragment was moved up the

temple stairway, into the rear room,
and to a specially cut pit in the room's
floor. The broken underside of the

stela appears to have been scorched by
a fire burning in the pit. The large

fragment was raised and, in a mark-
edly askew position, was stabilized by
rubble and a patch of plaster distrib-

uted about its new "base." At some
point, the faces of the three individuals

shown on the stela were mutilated and

Gi.YiMis on Slela 26 have been saved

through the ancient practice of burying

Stela 29, earliest known from Maya
lowland, at left, is dated at a.d. 292.



)ttery vessels for burning incense

ere broken, possibly as a terminal

ering to the stela. The vaults of the

mple rooms eventually were disman-

;d, and the rooms were packed with

asses of rubble that obscured the

ela. The later building was then con-

ructed over the whole temple.

riiE quantity of monument frag-

ments discovered under less spec-

cular circumstances is not easily

plained. If breakage was the result

'f priestly rivalry or social strife, the

use was surely repetitive. One could

iriously question if a Tikal could

ave grown, as it obviously did, in the

lidst of constant or periodic discord.

Iternatively, monuments were broken

uring Classic times in an apparently

anctioned manner. It has been pro-

osed that Classic monuments were

roken when the structures to which

ley related at Tikal were scheduled

3 be buried by new structures.

Theoretically, the life of a stela may
ave been governed by the life of the

emple at whose base it stood. The stag-

;ering amount of building carried out

y the Maya was, in a sense, a constant

hreat to extant monuments. When the

monuments. Little of the details are

left on those exposed to the weather.

Incomplete stela 31, 90 inches high,

was found in rubble under later temple.
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Mexican rain deity, Tlaloc, appears in nearly life-sized

proportions on stela fragment. Identical representations

occur at Teotihuacan, north of Mexico City, showing that at

some time communication existed between the two regions.

temple was scheduled to be buried, all

monuments associated with it were

"killed" in a deliberate manner. Vari-

ous resting places were provided for

the fragments, as in the case of Stela

31. Another method of disposal con-

sisted of mixing fragments with con-

struction fill. An area north of Temple
III—the source of the now-famed (and

incomplete! Stela 29—may have been

a dump for substantial portions of var-

ious monuments that were deliberately

shattered during Classic times. There

is no evidence at Tikal that a monu-
ment threatened by new construction

was moved and temporarily reposi-

tioned in a spot considered to be safe.

THIS tentative explanation for the

shattering of monuments might

provide a reason for our failure to find

monuments of far earlier date than

Stela 29, the earliest now known. It has

been suggested that the older the mon-
ument, the less chance it had to survive

intact and in its original position, be-

cause of the building fervor of the

Maya. Among the fragments now at

hand there may exist pieces of such

postulated early monuments. The same

suggestion allows that no monument
with a calendrical text was carved as

a permanent record. This transitive

quality would also apply to important

interpretations recently proposed by

Miss Tatiana Proskouriakoff of the

Carnegie Institution of Washington.

She has discovered hieroglyphic state-

ments of priestly rules on monuments

SO



I f certain Idwland sites, together with

I epictions of the priests and. at times,

) heir families. Should such records be

iscovered on the Tikal monuments, a

ascinatiiig possibility would emerge—

. hat of linking the length of a particu-

' Br reign to the life span of the com-

:J|
nemorative stela and its related

', cniple. Is there a possibility that the

!< leatli of a |)riest at Tikal resulted in

\' he destruction of his monuments and

J
cniple. as well as in his entombment

^ n the temple that superseded his own?

J
A LTlloiCll much of the makeup of

' l\ Tikal during Classic times con-

} inues to be elusive, significant insights

ire being gained. For instance, at

d)out A.D. 700 there was a dramatic

;hift in the shape and volume of Tikal

nonuments. as well as in the type of

;tone used in them. At the same time,

here was an abrupt and important

hange in the offerings set with the

itelae when they were erected. Exca-

vations in structures and around the

jases of stelae have unearthed some

120 offerings of specially made stone

jbjects, pottery vessels, shells, and

3ther exotic items, which span the

greater portion of Classic times. The
earliest offerings that were set with

the stelae are like those beneath and

about contemporary temples. In time,

however, "monument caches" very sig-

niflcantlv diverged in content from

those associated with construction.

1 he change was slow in both con-

texts. During Late Classic times, caches

set with stelae remained fundamentally

alike to the time of the latest local

monument. Stela 11. erected in A.D.

869. The long-emphasized conserva-

tism of the lowland Classic Maya is

only too evident in the remains en-

countered at Tikal.

Although excavations to date have

failed to expose the cause or causes

of the "fall" of Classic Tikal. a good

i
deal can be said of what followed.

I There is evidence that at some time

I

after A.D. 869 peoples continued to be

I
active among the deteriorating cere-

monial precincts. Whoever these peo-

I
pie were ( there are no signs that they

were foreigners I . their activities were

decadent when judged by Classic

norms. Their presence is principally

known from their disturbance of Clas-

sic remains. Various monuments were

uprooted and transported considerable

distances. Large fragments appear to

have been reclaimed from Classic

dumps and replaced in very peculiar

positions. An Early Classic tomb with-

in one structure was detected, opened,

looted selectively, then filled and sealed

over with a thin plaster floor, on which

ceremonies involving fire were per-

formed. When the tomb was refilled,

considerable cache material was
thrown in. Much of this fill stemmed
from Late Classic monument caches

that evidently had been looted. Sacri-

fices of censers and Late Classic ma-
terial were performed about recently

repositioned monuments. Small plat-

forms, apparently made of looted ma-
Red pottery dish from Late

tomb burial has hieroglyph dec

Classic

oration.

Interior of pottery vessel from early

Late Classic period shows a black-and-

red fish on an orange background. The
piece was in contents of a tomb buriaL

Jadeite pendant at left is from Late

Classic tomb; mask of same material

is from burial of Late Formative times.

Latter has shell inlaid teeth and eyes.
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ExoTiCALLY CHIPPED flints Were made
by Tikal artisans solely for offerings.

Deities and symbols were incised on
obsidian and put in Late Classic caches.

sonry, were constructed, and addi-

tional censer and fire sacrifices were

then made upon them.

ONE can be sure that the opening of

caches and a tomb together with

the unorthodox re-use of by-then-old

monuments were at least in part ori-

ented to ceremonial ends that required

the objects and trappings of Classic

times. The knowledge of axially posi-

tioned tombs and of the existence of

secreted offerings had not been lost.

The inclusion of cache items in the

refill of the tomb suggests an attempt

to mollify the individual who had been

buried there some 500 years before.

At some time before the close of

the fifteenth century, Tikal became the

focus for visitations, probably peri-

odic, by peoples of Lake Peten-Itza,

about two days south of Tikal. These

people brought pottery unlike that of

earlier times. They broke the vessels

and burned blue-painted balls of resin-

ous incense in the empty rooms of

Temples I and II. In Temple I they

dug a large pit through the floor, and

in it they buried a woman and an offer-

ing of incense and pottery. This hazy

phase in the history of Tikal was one

in which the site served as a pilgrim-

age center—an awesome, if not fabled,

place of ancestors and, perhaps, gods.

Shield of the side figure of one stela

displays head of Mexican god, Tlaloc.

Two at upper left are moon goddess ir

lunar frame and sun god in solar frame

In the latter part of the nineteenthj

century, some seventy families from

Lake Peten-Itza moved north to Tikal

as refugees from the political condi-

tions of the times, but were eventually

forced to abandon it. Documents men-

tion rat depredations of corn crops as

the reason. This community left behind

pottery, glass bottles, a church bell,

orange trees, a house foundation, and

even a grinding stone (metate) that

was made from a salvaged fragment

of a Late Classic stela.

THE halfway point has now been

reached in The University Muse-

um's program of study at Tikal. The
vertical and horizontal immensity of

this center is a continual reminder that

thoughtful sampling must be a daily

aim. Only a small fraction of the

mounds and standing structures have

been and will be excavated, while even

fewer can be considered for restora-

tion. When the program began, we
were aware of the problems that we
hoped would be answered by excava-

tion and study. Many other unantici-

pated problems have since appeared,

both in excavating and in analyzing

the remains. Yet, to find one more
reason to ask why, when, or how is to

the archeologist no less a discovery

than the finds described on these pages.

Wooden lintels, placed over doors in

Late Classic temples, held up vaults.
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SKY
REPORTER

Outer spiral arms of northern

Milky Way offer varied sights

By SiMONE Daro Gossner

j
"The northern Milky Way, from Aquila to Orion

I
through Cygnus. Cassiopeia, Perseus. Auriga, and

Taurus, is less impressive, perhaps, than its southern sec-

tion. None of its star fields can compare with the richness of

those near the Milky Way nucleus in Sagittarius, for ex-

ample. The northern star fields are of interest, however,

because they give us a glimpse of the organization of mat-

ter in another part of our Galaxy: its outer spiral arms.

If our sun were at the center of the immense pinwheel

of the Galaxy, we would see roughly the same kind of star

aggregations in every part of the Milky Way. Actually our

solar system lies about two-thirds of the way out from the

center. Therefore it is not surprising that, looking outward

(as we do in fact when we observe the northern sky I, we
note a gradual thinning of the star fields. On the other

hand, spiral arms are rich in hot new stars, dense clouds

of opaque dust, and gaseous nebulae, all of which appear

in abundant varietv to the northern viewer.

Two of the most remarkable regions in this part of the

sky are found in the constellations of Orion and Cygnus.

which, combined, offer all conceivable types of sky objects

characteristic of spiral arms. The Cvgnus region lies just

to the northeast of the Great Rift, a dark lane of obscuring

clouds that seems to rend the Milky Way into two separate

branches and continues into the Southern Hemisphere
through Scutum and Scorpius. The Rift is so noticeable that

it led the English astronomer Sir William Herschel to the

belief that the universe of stars was actually forked in that

direction. Cygnus itself still bears some traces of the Rift,

in the form of two dark patches situated southeast of Deneb
and Gamma Cygni, respectively.

The patch near Deneb overlaps a bright nebula in such a

way that the nebula's outline bears a striking resemblance

to a map of North America I see photograph. left I . The star

Deneb. also called Alpha Cygni. lies just outside the edge

of the picture. appr<iximately to the right of the area resem-

bling Newfoundland. On color photographs, the North

America Nebula shines with a deep red glow. Spectroscopic

studies have revealed that it is not self-luminous, but that

its countless particles of dust reflect the light from Deneb.

Were it not for the proximity of the bright star Deneb. we
would see the North America Nebula only as another dark

North America Nebula, left, bears striking resemblance
to an outline map of the continent for which it is named.

Veil Nebula may be fragment of supernova that exploded.

patch of obscuring material at one extremity of the Rift.

South of the North America Nebula lies an unusual
object of wispy nebulosity, so tenuous that stars may be

seen through it. Called the Veil Nebula, or sometimes the

Network I see photograph, above], it appears to be self-

luminous. The system is expanding as a whole, like a bal-

loon being inflated. It is most probable that the Veil is the

remnant of a supernova, like the Crab Nebula in Taurus
(Natural History. April. 1962) ; but judging from the

rate of the Veil Nebula's expansion and from the volume
it now occupies, the supernova must have exploded at least

30.000 years ago, long before man had invented writing.

Therefore, there is no hope of verifying this theorv from
contemporary records, as was done in the case of the super-

nova of A.D. 1054. which gave birth to the Crab Nebula.

The Milky Way in Orion (photographs in Natur.\L
History, November. 1961 1 displays its own share of ob-

scuring material, such as the Horsehead Nebula, but is

remarkable particularly for its regions of bright, hot gas

and extremely young stars. The Orion Nebula surrounds

the star Theta Orionis, which is in the middle of Orion's

sword. Although Theta. known to astronomers as the Trap-

ezium, appears as a single star to the naked eve. it is actu-

ally a system of four very hot stars. As a result, the gas in

the nebula is excited to incandescence by the stars' radia-

tion and emits its own light. The North America Nebula
merely reflects the light of the much cooler star Deneb.

Orion's region appears to be one of the Milkv Way's
breeding grounds for new stars. By studving star tem-

peratures and compositions, and the rate at which the stars

exhaust their fuel supplv. astronomers were able to deter-

mine their life cycle. It soon appeared unquestionable that

some of the stars in the Milky Way's spiral arms must be

very young. Tentative theories were put forth, explaining

the mechanism by which stars might form as condensations

of interstellar material. It was believed that the process was
very slow, and that a man's life would be too short to ob-

serve the birth of a star. Recent photographs obtained by
G. Herbig at the Lick Observatory may well force a drastic

revision of such views. Comparing photographs taken in

1947 and 1954 of a small region in Orion. Herbig noted

that where there were five fuzzy objects in the earlv photo,

there were seven in the later picture. A 1959 photograph

taken under identical conditions revealed several more.
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THE SKY IN OCTOBER

From the Almanac:

First Quarter

Full Moon
Last Quarter

New Moon

October 6, 2:55 p.m., EST
OctoberlS, 7:33 A.M., EST
October20, 3:48 a.m., EST
October 28, 8:05 A.M., EST

For the visual observer:

Mercury will be at inferior conjunction on October 6,

and will therefore be too close to the sun for observation

during the early part of the month. In the morning sky after

that date. Mercury will reach its greatest western elong-

ation on October 21. The planet will rise 75 minutes before

the sun on October 15, and 90 minutes before on October

31. Its brightness will increase from —0.4 magnitude at the

time of elongation to —0.8 at the end of the month.

Venus, in the evening sky, will attain its greatest bril-

liancy (—4.3 magnitude) on October 8. It will set 75 min-

utes after the sun on October 1, one hour after on October

15, and 15 minutes after on October 31. Early in the month

its brightness should make it conspicuous, very low in the

southwestern sky soon after sunset. It will be too close to

the sun for observation after midmonth.

Mars, moving from Gemini into Cancer (+1.0 magni-

tude )
, will rise in the northeast shortly before midnight,

local time, October 1, about 11:30 p.m. October 15, and

11 :00 P.M. October 31. It will be nearly overhead at dawn.

Jupiter, in Aquarius (—2.3 magnitude), will be found

in the southeastern sky after sunset. It will set in the west

at 3:15 A.M., local time, on October 1, at 2:15 A.M. on

October 15, and at 1 :00 A.M. on October 31.

Saturn, in Capricornus (+0.8 magnitude), will also be

in the southeastern sky after sunset. It will remain low

in the sky and will set in the southwest at approximately

12:45 A.M., local time, on October 1, '11:45 P.M. on Octo-

ber 15, and at 10:45 P.M. on October 31.

The Orionid meteor shower may be expected on October

20 and 21. In previous years the Orionid shower has

reached a maximum frequency of approximately 25 me-

teors per hour (as recorded by a single observer)

.

Minor Planets Abound
Until the end of the eighteenth century, astronomers

had been puzzled by a peculiar gap in the solar system.

Bodes law—an empirical rule giving approximate plane-

tary distances from the sun—indicated that there should be

a planet at about 2.8 times the radius of the earth's orbit,

yet none had been found. This gap was eventually filled

when Giuseppe Piazzi, on January 1, 1801, discovered a

faint planet-like body traveling at the appropriate distance

from the sun. The object was given the name Ceres. Shortly

thereafter ( 1802 ) a second one—later named Juno—was
found in nearly the same orbit. As time went on, dozens

more were discovered visually. After the introduction of

astronomical photography in the mid-nineteenth century,

the number of planets sighted grew steadily until by now
more than 1,500 have been observed well enough for their

orbits to be computed, and thousands more lie uncata-

logued on various sky photographs. These minor planets

range in size from 480 miles across (Ceres) to a mile or

less, and form a wide belt between Mars and Jupiter.

On the preceding pages, Mrs. Gossner offers the eighth
in her 1962 series— a survey of the celestial sphere.
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MAGNITUDE SCALE
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TIMETABLE

October 1 10:00 p.m.

October 15 9:00 p.m.

October 31 8:00 p.m.

(Local Standard Time)
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FAR AND NEAR
A

TRIP THROUGH SoUTH AMERICA
provides the traveler interested in

wildlife with many opportunities to see

creatures that are peculiar to the differ-

ent environments of a part of the world

noted for topographical variety. South

America has a remarkable mammalian

fauna, and a tourist could well make a

zoo-to-zoo and museum-to-museum safari

of the continent, interspersed with occa-

sional side trips to view the habitats of

the animals—and even, with luck, to see

or hear some of the creatures in the wild.

The modern mammals of South

America are probably the least-studied

of those on any continent. The geologic

history of the region indicates long pe-

riods of isolation, followed by the ap-

pearance of a land bridge and invasion

and immigration of mammals from the

North. Some of the most exciting evolu-

tionary stories took place in South

America, involving mammals so bizarre

that even noted paleontologists have

complained of inability to visualize the

animals from their fragmentary remains.

The present mammalian fauna of the

continent thus falls into two groups

—

the old and the new. The marsupials, the

monkeys, the sloths, and armadillos are

the old, as are the porcupines and a re-

lated group of rodents. All the rest

—

the cats, dogs, weasels, tapirs, llamas,

deer, peccaries, most rodents, and rab-

bits—are regarded as relative newcom-'

ers. And in between is a vast assemblage'

of extinct mammals that failed to survive

because they could not adapt to the com-

petition of the old or the new.

For the mammal-oriented traveler the '

zoos and museums of South America will

provide much information. Most muse-

ums exhibit local faunas, but in general '

they will disappoint the visitor who is

looking for magnificent habitat groups.

Often the exhibits themselves are older

than many United States museums. Al-

though it could not be said that a renais- f

sance is in effect in Latin American

museums, efforts are being made in this <

direction. There is a new mammal hall

in the Argentine Museum, which is in

Buenos Aires, new and attractive edu-

cational exhibits are apparent in Rio de

Janeiro, and modern design has ap-

peared in the museum in Belem.

The zoos, too, vary in approach. The

zoo in Belem specializes in Amazon ani-

mals and has a superb collection. The

Mendoza. Argentina, zoo has a fine

world-wide collection. It is arranged

around a hillside, and there is consider-

able space between the cages, which

edge a spiral walk. Plans are also afoot

for a new zoo in Caracas. Many zoos

exhibit animals that have never been

displayed in the United States, and even

a professional mammalogist can view a
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Llamas in zoo at Mendoza, Argentina

i^are fauna abound in South American zoos

By Richard G. Van Gelder

iriety of creatures that he has never

sfore had the opportunity to see alive.

Among the old group of mammals that

cist today are the opossums and opos-

im-rats. remnants of a marsupial fauna

lat was once much greater. Even now.

jwever. eighty species in two families

ive South America the distinction of

iving the greatest assemblage of mar-

pials outside Australasia. Two strange

irms peculiar to this continent are the

pok and the comadreja Colorado. The
pok, which is the most aquatic of all

larsupials. is a nocturnal creature of the

mazon Basin. Its tail is as long as the

ead and body, and its adaptations to

a aquatic life include webbed feet. The
miadreja colorada. or red weasel, is

)und both in forest areas and in open

)untry in eastern South America, but

best-adapted to life in the pampas

—

le vast, open plains of Argentina. It is

easel-like in appearance and movement
nd is an excellent swimmer. Its color

iriations include flame-red. orange-red.

ad terra cotta. Interestingly, an Indian

ibe has also named this animal the red

easel, although it is a marsupial.

The second old group of mammals in

outh America comprises the monkeys,

ften thought of first in relation to jun-

le regions, primarily in the forests of

le Amazon Basin. The fossil record is

oor because of rapid decay in equa-

torial forests, but a major delight of

southern zoos is the variety of monkeys
—sometimes uncaged. For example, in

the Belem zoo the visitor may see mon-
keys cavort in trees and even cling to

the outside of the cages.

To anyone who grew up with the no-

tion that monkeys always swing by their

tails, it will come as a surprise to learn

that only five kinds of monkeys have

prehensile tails, and that all five are

denizens of the American tropics. The
familiar organ-grinder monkeys, or ca-

puchins, are perhaps the best-known of

these, as they are favored as pets in

North America. Spider monkeys and
woolly monkeys, both prehensile-tailed,

are other petshop favorites. The rare

woolly spider monkey of southeastern

Brazil can seldom be seen, and is least-

known of this group.

The fifth prehensile-tailed monkey is

the large howler, which ranges north as

far as Mexico. The howling is a dramatic

and characteristic noise of the tropical

forest, and seems to be associated with

the territorial defense of the monkey
pack. They also often salute dawn and
dusk and the coming of rain. When a

downpour begins they stop abruptly, and
the jungle echoes with their noise.

The rest of the South American mon-
keys lack prehensile tails, and come in

a variety of sizes and shapes—squirrel-
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like marmosets, bearded sakis, bald red

uakaries. There is even a nocturnal mon-

key, the dourouculi. The monkeys can

rarely be seen in the wild, but are viewed

best in eastern South American zoos.

The third old group of mammals is the

order Edentata—the sloths, the armadil-

los, and anteaters. The armadillos, at

least, were in South America in the

Paleocene, and they, too, went through

a great diversification. Perhaps the best

place in the world to obtain an idea of

the array of fossil armadillos that once

graced the continent is at the La Plata

Museum, in La Plata, Argentina, forty

miles east of Buenos Aires. There the

armadillos' evolutionary radiation is dis-

played in a huge room that encircles the

museum. At least nine genera of smaller

(and some not so small) armadillos per-

sist. To a person familiar with only the

nine-banded armadillo of our own South-

west, the giant armadillo, with its huge,

turtle-like carapace and a weight of more
than one hundred pounds, or the small

pichiciego of northwestern Argentina,

which reaches an extreme of phragmosis
in using a shieldlike rump to block its

burrow, will be particularly interesting.

The great ground sloths are extinct,

but their remains are also exhibited in

the museums at Rio de Janeiro, Buenos
Aires, and La Plata. The living tree

sloths are not known as fossils, bi

most every zoo exhibits one or

kinds, although the two-toed sloth i

much harder to keep alive because it ha

one of the most restricted diets of an

mammal—it feeds only on the flower

and leaves of the Cecropia tree.

Anteaters, too, are usually well rej

resented in zoos—from the giant an

eater with its huge snout and great taiil

to the tiny, arboreal, prehensile-tailed

silky anteater. When ants and termite

are in short supply, the anteaters' zo^

diet is hamburger soaked in tomato juice

THESE three major groups—marsupi

als, primates, and edentates—wer
the earliest mammalian invaders o

South America. With the exception o

the raccoon family, which somehow

crossed from North America in the Mio
cene before the formation of the presen

land bridge, almost all the other existini

mammals arrived lat-er, during the lat

Pliocene and Pleistocene. The raccoon

fall into three groups, the arboreal kinka

jous and olingos, the coati-mundis, an(

the crab-eating raccoon. The last is

southern version of our common north

em raccoon, but it is a shorter-haired

longer-legged animal with only fain

markings. The coatis, on the other hand

look like caricatures of raccoons. Th

OCE

Three-toed sloth, one of slowest moving
mammals, spends life hanging upside down

by claws from tree limbs. These creatur(

are exhibited in many South American zoo

6o
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Juito. A lieice fighter, the ocelot

inged tail is there, but it is longer and

liiiiner, and the mask is present on an

xiremely long-snouted face. The color

lariations of the coati seem almost in-

finite, with black, red. and brown pre-

dominating. The olingos and kinkajous

reveal their relationship to the raccoons

nnly to the anatomist, despite their ar-

hort-al and nocturnal habits. Although

iilingos and kinkajous are anatomically

quite different, they seem to be similar

in habits and habitats. In fact, both can

be found feeding in the same trees at

night. Their superficial resemblance is

so great that in many places the natives

fail to distinguish between them, al-

though the olingo has a more pointed

face and the kinkajou has a prehensile

tail. One can only wonder how two
animals from the same stock seemingly

evolved to fill the same niche. Much
more study of the two genera, both in

the field and in the laboratory, will be

needed to answer this question. The visi-

tor to South America who wants to see

these animals will have little difficulty

finding them, since almost every zoo has

kinkajous, and some have olingos. Often

the latter are wrongly called kinkajous.

While the emergence of the Panama-
nian land bridge permitted two-way

movements of mammals between the con-

tinents, the biological effects seem far

more dramatic in the case of those that

invaded South America. Seemingly, the

northern animals were able to compete
far more successfully with the long-iso-

lated. Neotropical elements they en-

countered in South America than were
the South American emigrants able to

compete with the Nearctic mammals.
The probable reason for the success of

the northerners is that they had had a

greater history of competition as a re-

sult of frequent immigrations and emi-

grations between North America and
Asia across the Bering Strait. In any

^^ilcl jungle cat. It i

well as South Anieri

liiund in Mexico as

a, down to Paraguay.

event, the opening of the southern land

bridge heralded the extermination of

many South American groups.

The northern animals flowed into all

the varied habitats of the continent.

Members of the camel family, for exam-

ple, took to the high Andean deserts and

still persist there in the forms of the

llama, alpaca, guanaco, and vicufia.

Two of these—the short-haired llama

and the long-haired alpaca—were devel-

oped from the guanaco by the forerun-

ners of the Incas. The animals provided

the Incas with transportation, milk,

meat, skins, and wool. They are still to

be seen in the high altiplano of the An-

des, but are being replaced by jeeps,

cattle, and sheep. Wild guanacos still

haunt the southern Andes and receive

some, but generally ineffectual, protec-

tion. Vicurias, on the other hand, were

never domesticated; today they are

slaughtered by the thousands for the

wonderfully soft fleece. In Bolivia, at

least, they will not long survive the tre-

mendous hunting pressure.

The pig family was unknown in the

Western Hemisphere until introduced by

Europeans, but an ecologically equiva-

lent family developed in the form of the

peccaries. There are two kinds of pec-

caries in South America, the collared,

which ranges from southwestern United

States to Argentina, and the larger and
more tropical white-lipped peccary. Like

the true pigs, peccaries can plow up the

forest floor, and are primarily omnivor-

ous. Although not frequently seen in the

wild, they are well represented in zoos.

SOUTH American rodents, both old

and new. are a delight and a head-

ache to niammalogists. The hundreds of

species of mice, rats, squirrels, guinea

pigs, and hordes of others are poorly

known, and much about them remains

to be studied. The chinchillas that have
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fur value have been virtually extermi-

nated, and the coypu (called nutria in

the United States) is also hunted for its

fur. since the animal resembles our

northern muskrat in appearance, habits,

and pelt. Many of the larger rodents are

good to eat. and agoutis and pacas are

frequently listed on the menus of the

finest restaurants. Some of the larger

rodents, including the Patagonian cavy

and the striped-faced viscacha, are much-

reduced in numbers. Like our jack rab-

bits, they have been "controlled."

When compared with hoofed animals

of the Northern Hemisphere or animals

of equivalent latitudes in the Old World,

those of South America are unspectacu-

lar. The largest land mammal on the

continent is the tapir, which reaches a

weight of some 600 pounds. Unlike their

Malayan belted cousins, the Neotropical

tapirs are not strikingly marked, but are

plain brown in color. These tapirs are in

the lowland forests; in the northwestern

areas, the hairy mountain tapir ranges

high into the Andes. Various of the

hoofed animals may be seen in the Belem

zoo, Quito's Military Academy Zoo, the

Mendoza, Argentina, zoo. and elsewhere.

There are a half-dozen kinds of deer

in South America, all of which probably

survive because of their relatively small

size and small antlers, which do not at-

Dr. Van Gelder, Chairman of The
American Museum's Department of

Mammalogy, has traveled extensively

in manv countries of South America.

tract hunters. In the northernmost parts,

our own white-tailed deer exists as a

comparatively small and light animal.

The Amazon Basin south to Uruguay

harbors the marsh deer, a larger species

that reaches a shoulder height of three

and a half feet. It has antlers about twen-

ty inches—rarely twenty-five inches

—

long. The pampas deer once had a huge

range east of the Andes, but it is now one

of the rarest animals. It may have been

disappearing even before the arrival of

the Europeans, who surely accelerated

the process. In addition, there are two

very small deer, the brocket and pudu.

Both are characterized by tiny spike

antlers that rarely exceed five inches in

length, even in the larger brocket, which

stands only twenty-eight inches at the

shoulder. The tiny pudu is half this

height, and inhabits the forests of the

southern Andean slopes.

The cat family is well represented,

from the jaguar, the largest of the New
World cats, to the slightly smaller puma,

down to an array of small spotted cats

—

ocelots, margays, Wied's, and several

creatures rather like house cats. Other

than the puma, there is only one plain-

colored cat, the jaguarondi, in this area.

It is a little larger than a house cat, is

either reddish or grayish in color, has an

elongate body, and a relatively long face.

It is found in most of South America,

and ranges into the southwestern U.S.

DOGS seem to have used our neighbor-

ing continent as a proving ground.

In the northern regions there is a bulky,

squat, grayish "bush dog," which was

described as a fossil before being de-

scribed as a living animal. The foxes

are bizarre, the extreme example being

the stilt-legged "maned wolf" of central

South America. This grass country ani-

mal is colored like our red fox, but is

about five feet long and stands three feet

high at the shoulder. There are several

kinds of small foxes, including our own
gray fox and a peculiar "short-eared

fox" of the southern Amazon and Colom-

bia. Many of the dogs are well repre-

sented in various zoos, and the one in

Montevideo seems to specialize in foxes.

Considering the variety of unusual

animals that may be seen merely by

strolling through zoos of cities on one's

itinerary, a trip through South America

can certainly be considered an eye-open-

ing opportunity for the roving naturalist.
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NATURE and the

ICROSCOPE
Microexamination of ferns

By Julian D. Corrington

Ft.
w >i Bj KCT* included in the botanical

sciences hold more interest for novice

land expert alike than do the ferns

and their modes of life. These plants

[Stand midway in the evolution of their

kingdom, with affinities toward the moss-

es and algae on the one hand, and toward

jeed plants and flowering plants on the

other. An understanding of the organs

and tissues of ferns, as seen under the

microscope, will help greatly in compre-

hending the grand evolutionarj- cycle in

the plant kingdom, a cycle first worked

lout by Hofmeister in 1851.

Hofmeister. a professor at the Univer-

sity of Heidelberg, unraveled the intri-

cate details that would explain the life

cycles of liverivorts. mosses, ferns, horse-

tails, and clubmosses. He corrected an

old error in classification, based on erro-

jneous views of life-histories. The ferns

and their allies were called cryptogams.

a word that means '"hidden marriage."

and flowering plants were called phan-

erogams, meaning ""evident marriage.

The phanerogams were so named because

the male element, or stamens, in the flow-

ering plants produced pollen grains that

were supposed to fertilize the female

organ, or carpeL of a flower. The mar-

riage was visible and evident. The cryp-

togams were thought to propagate in the

same manner, with concealed elements.

Hofmeister showed that this theorv- put

the cart before the horse. Actually, the

marriage is evident, for all to see. in the

cr\"ptogams. but is concealed at the mi-

croscopic level in the phanerogams. The

plant we call a fern is only one of two

alternative generations in the fern life

cycle. It is a large, green, leafy plant

with an underground stem that puts up

compound leaves with many lateral leaf-

lets. On the underside of the leaflets

occur greenish structures that later turn

brownish. They are called sori. Often.

the sori are so prominent that they give

the whole leaf a brownish appearance.

If such a leaflet is sectioned, it may be

seen that the sori house a number of

spore cases, each enclosing many brown
spores. A leaf that bears these organs is

said to be a sporophyll ( spore-leaf i . and
the sorus of such a leaf contains numer-

ous sporangia, or spore cases. Sori may
appear on all leaflets or only a few, and
at different seasons, according to the

species of fern. They could be mistaken

Matire PROTHALHi m i.irrle- tMO type; of

sex orsans. at notch and near the center.

for scale insects or some other form of

infestation, and are sometimes called

'"fruiting dots." Cases are frequent in

which an irate customer telephones a

florist to complain that he has been s"L!

an infected plant, but sori are asex ;

reproductive organs of all fern plants.

A
spore is an asexual (non-sexual) re-

productive cell. When it falls upon
moist soU. under favorable conditions, it

may germinate, but the plant that devel-

ops looks nothing at all like our familiar

fern. It is a small, notched or heart-

shaped greenish body called a prothal-

lium or prothallus. and numbers of these

may be seen on the soil or clinging to the

outer surfaces of pots in greenhouses

where ferns are grown. Wlien mature,

each prothallus bears on its undersurface

tvso kinds of sexual organs, which must

be magnified to be seen to advantage.

One kind, the antheridium. is marginal,

situated at the base of the notch. The
antheridium will develop sperm cells.

The other type of sexual organ is the

archegonium. which is found in groups

near the center of the prothallus. Each

archegonium produces an egg cell. In

wet weather, the sperms will swim to and

fertilize the eggs. A fertilized egg devel-

ops an embryo that eventually grows

into the leafy fern plant.

The evident fern plant, since it pro-

duces spores, is called the sporophyte.

The prothallus is called the gameto-

phvte. since it manufactures gametes

(sex cells). The first generation is asex-
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ual, the second is sexual, and there is

an alternation of generations, a phe-

nomenon that is almost universal among
plants. The leafy fern plant, or sporo-

phyte, cannot reproduce an organism

like itself, but only a completely differ-

ent-looking plant, the prothallus; simi-

larly, the prothallus can reproduce only

the leafy fern. Alternation of genera-

tions, or metagenesis, is a major factor

in the evolution of many of the lower

animals and almost all of the plants.

IN
the flowering plants, it was Hof-

meister, again, who showed that the

same alternation of generations takes

place. In ferns the spores are all alike

(homospory), but in certain clubmosses,

as well as in pines and flowering plants,

the spores diverge into two types—mi-

crospores and megaspores. Sometimes

both exist on a single parent plant, and

sometimes each type occurs on a separate

plant. Microspores develop into a male
gametophyte, and megaspores into a fe-

male gametophyte. The male and female

gametophytes produce sperms and eggs

respectively. A pollen grain of a flower

is a microspore, and it germinates into

a plant within the tissues of the female

carpel. The microspore is actually a

whole plant generation, although it con-

sists of only a few cells. The same is true

also of the female gametophyte, one cell

of which is the egg. The sperm fertilizes

the egg to make a zygote, and the zygote,

surrounded by nutritive and protective

tissues, forms a seed. When the seed

germinates, a sporophyte is produced. In

an elm or a rosebush, the sporophyte is

Fern archeconium is shown at left in ai

early stage. Antheridium, right, produce:

evident for all to see, but only the struc

tural botanist, armed with a microscope lii

can observe the highly microscopi(

gametophytes, which have become com
pletely dependent and even parasitic

upon the all-encompassing sporophyti(

tissues. The fern has a similar life-his

tory, save that the gametophyte is macro
scopic and there is no seed.

AFTER this dose of technical botany wt

,
may now proceed to the specific

demonstration of certain of these struc

tures. Ferns are widely available, eithei

in the woods or in greenhouses. A whole

mount of the underside of a vegetative

leaflet may be placed on a slide next t(

one from the same plant bearing sori

The sori will resemble tiny green

brown volcanic cones. This is one of the

For the first time, due to a manufacturing
breakthrough ... a quality telescope for only

$9.95! Ideal instrument for all kinds of na-

ture study, for vacations, for all outdoors.

No clumsy draw tube — focus with a single

turn of the eyepiece. Only 10>»" long, and
weighs just 9 ounces. Belt holster accessory

at 98^. See it at optical, photographic and

sporting goods dealers. Made to American
standards of quality by America's most
respected optical craftsmen, Bausch&Lomb
Incorporated, Rochester 2, New York.

BAUSCH & LOME^
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i »perms, seen coiled in antheridiuni. above,

*jthat fertilize the archegonium's egg cell.

few cases where a dry mount is better

than one enclosing balsam or other

moiintant. Dry the two leaflets slowly

over gentle heat or in a low-temperature

oven, add a cover glass, and seal the

margins of the cover with household
I nnent, balsam, gold size, shellac, or

anv modern liquid cement. Sori may be
-i raped from a leaflet, put in tertiary

hniyl alcohol a few hours, then in fresh

tertiary butyl alcohol an hour, then in

thin balsam, which is exposed to air un-

til evaporated to mounting consistency.

Next should come a cross section of

a leaflet through a sorus, unstained. De-

fails of fixing, sectioning, and (in other

cases) staining can be found in any man-
ual of microtechnique. The prothallium

makes an excellent whole mount, ventral

surface up. Sections through the anther-

idium and the archegonium on separate

slides, stained with the safranin-light

green combination, will reveal the cel-

lular details of these structures, showing

sperms and eggs. Later installments will

describe several of the major techniques

used in this work, as well as those em-
ployed with animal tissues. End this

phase of the cycle with a whole mount
of a prothallus bearing the embryo, or a

young stage of the sporophyte. Prothal-

lia range from about one-quarter to one-

half inch in diameter and, hence, make
perfect subjects for slide mounts.

FOR microscopic preparations of the

sporophyte generation, aside from the

leaflet showing sori and sporangia, chief

interest lies in sections of the stem and

leaf stalk, for ferns were the first of the

flora to display another great advance in

the evolution of plants—vascular tissue.

The word vascular refers to vessels, such

as the blood vessels of animals. In plants

there are two main kinds of these tubular

passages, one of which, unfortunately,

has come to be called vessel, thus lead-

ing to confusion as to whether we are

dealing with the general or the particu-

lar. The principal tube types are those

that transport water upward from the

root system to stem and leaf, and those

that distribute the nutritive material

manufactured in the green leaf, the

plant's food factory.

To introduce the subject of the metab-

olism of the organism, it must first be

understood that the only organisms on

earth that can manufacture their own
organic food out of inorganic materials

unfold the secrets of the human anatomy

SSe MB LY KIT

a fun hobby that reveals the wonders of the body Authentic, in exact scale to the human body ... so
amazingly accurate it is indispensable for pre-med students, biology classes, etc. Assembling it is a thrilling

experience and an education as the wonders of nature unfold before your eyes. Reveals bone structure, all vital

organs, muscles, respiratory and vascular systems. The finished model is an awe-inspiring display. Kit includes

easy-to-follow instructions and handbook by medical authority. $498

^j) Other Renwal kits include the Visible Woman (with optional pregnancy feature) and
r Visible Head, Dog, Horse, plus Insect and Reptile Science and Human Skeleton.



BRONZE AGE WEAPONS . . . MAYAN

From the Bronze age of Ancient Irani Recently

excavoted bronze arrowheads, spears, daggers,
swords, knife blades from the Luriston Mts. Dates
bock from 25th to 5th Centuries B.C. All have fine

malachite green patina. They moke unusual gift

treasures! Guaranteed to be Genuine.
BRONZE ARROWHEADS: 2-3" S3, Select.: 3-5" $5.

SPEARHEADS & KNIFE BLADES: 9-12" S15, Select.

12-20' S25.
DAGGERS & STABBING SWORDS: 9-16" S35 &

S50, Select.: 12-20" S75 & SIOO.
AVAILABLE to a LIMITED FEW! Rare Genuine Mayan
(fired clay) figures dating from 500 to 1000 A.D.
Recovered from the famed Colima (Mexico) site.

Male & Female relic forms with a variety of cos-

from S30 to 575. Send for FREE descriptive list.

FREE ftNmUIJV CAJflLOG

Annotated Ulustrations of Genuine Near Eastern Finds:

coins, lamps, scarabs, papyrus, flints, Shawabtis, etc.

A must for every intellectually curious collector and

gift giver! These relics make perfect decorations:

thought-provoking and stimulating. Send for FREE
CATALOG today. Write:

ALADDIN HOUSE Dept.Nio

520 Fifth Avenue New York 36. N. Y.

BUTTERFLIES
les-Spread Wings $1.0
Brazil $2.00; 10 Australi

$3.50; 15 Formosan or Philippines
i\ 00 15 Ohio or U. S. $1.00; Atticus atlas $1.00;

Ornitiioptera aeacus $1.00.

WILLIAM W. THRASHER
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traps snare prey, digest
them, then reopen. Easily
grown from nursery-propa-
gated bulbs. Germination

FLYING SQUIRRELS AND CHIPMUNKS
W-.ri.lcTful Utile pets. Sold retail

aiil wholesale. Literature, prices

and pictures. Enclose lOC for

maillnE.

L. E. GREESON
905 N. Monroe St.

Arlington 1. Va.

"The largest Flying Squirrel

Ranch in the World"

PINE CONES
Extraordinary variety, size and shape.

Wreaths; Naturalist collection; other western

arrangement material. 15 years shipping to

every state. Free illustrated booklet;

WESTERN TREE CONES
Brooklone, Corvallis, Oregon

Overseas Nature Tours — 1962
EUROPE; Xorth with the spring from the Mcdllerranean
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Swil/.erliilid. IJ'Truiiii.v, llnlhin.l, EuKlaiid. llr ,^tart In late

pen<f'trom'^Xw'' YoU'''around'''$12'5IK OR |'e''nT
: "beave

Seattle In July, explore National Parks of Alaska, Japan.

Philippines and Hawaii tor birds, flowers and sheer

beauty. Small, friendly groups. Iniiulre early; we ailed

up qukkly last year.

NATURE TOURS. Box 2247-a. Washington 13. D. C.
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DIXDOCI, P.O. Box 427, Wot Palm Beach?, Floriib

are the green plants. They are accord-

ingly referred to as autotrophic (self-

feeding) . In the presence of chlorophyll,

the green coloring matter of plants, car-

bon dioxide from the atmosphere and

water from the soil are combined to

make a simple sugar molecule. The proc-

ess, which uses the energy of sunlight, is

termed photosynthesis—putting together

materials in the presence of light.

IN
animals, blood vessels distribute di-

gested food throughout the body. In

simple plants, such as algae, no special

distributive system is needed. But by the

time ferns evolved, the plant body was

of such a size—there are tree ferns in

the tropics and as fossils in areas now
temperate—that some method of trans-

porting metabolic materials became es-

sential. Those tubes so organized as to

transport water upward from root to stem

and leaf constitute the xylem (wood) ;

those that transport food from leaf to

stem and root comprise the phloem

(bark). The xylem and phloem are sit-

uated side by side in a vascular bundle.

The xylem consists of tracheids, which

are named from analogy with man's

windpipe, or trachea, and vessels. The

tracheids are elongate hollow cells,

joined endwise to make a tube. The ves-

sels are also made of many cells joined

end to end, but with the intervening cell

walls at the ends digested away to facil-

itate water flow. Wood fibers serve as

supporting tissue for tracheids and ves-

sels. The phloem is made of sieve tubes

plus companion cells and (in flowering

plants) adjacent supportive tissue, which

is known as parenchyma.

Vascular tissue is characteristic of all

the higher plants and makes its first

appearance in ferns, where it is simpler

in organization than in an oak tree, for

example. One of the major schemes for

classifying plants divides the entire king-

dom into the non-vascular and the vascu-

lar. In the latter, a vascular bundle forms

in the root, runs up the stem, and out

into all the leaf stalks, dividing repeat-

edly. It so happens that the chemistry

of the two chief components of a vascular

Dr. Corrincton's column appeared
regularly in Nature Magazine for

nearly twenty years, and can now be
followed in the combined magazines.

bundle differs so markedly that the xylen

will stain red with safranin and the

phloem green with fast green. Conse
quently, this staining combination hai

become famous in botanical microtech

nique as a differentiator of the two tissuf

groups. Cross sections of root, stem, anc

leaf, stained first with safranin and ther

counterstained with fast green, yielc

brilliant, contrasty slides that easily dis'

tinguish these essential parts of a vas

cular bundle, the xylem and the phloem
Ferns were the first plants to develop

the three principal organs or parts ol

plants as seen in higher groups: root,

stem, and leaf. Except in tree ferns and

a few aquatic species, the stem is hori-

zontal and underground, and is known
as a rootstock or rhizome. It gives o:

leaves vertically upward and roots verti-l

cally downward. The leaves are com-

pound, with side divisions that are called

leaflets. Ferns began in the Devonian,

and throughout the Carboniferous they

were among the dominant members of

the plant kingdom. In coal mines one

comes across coal balls, rounded con-

cretions that can be split into layers to

reveal fossilized portions of former ferns

and their relatives. Parts of stems and

leaves are also commonly found in split

plates of coal. A large number of fossil

genera and species have been described.

Hence ferns, ancient in lineage, make an

excellent introduction to botany.
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BLTTERFLV TILES
Pt'rwanenih Preserved

in Castoglas. This is a coffee

table top. Or use it as a uay or

wall decoration. Collect your

own butterflies to embed or buy

specially prepared ones at little

cost. Colorful fall lea>es or var-

ious species from your own
garden, like those illustrated at

left, are ideally suited to this

type of work. The surprisingly

simple process is illustrated in

HOW TO C.\ST N.ATURE
TILES'", priced at 25c.

liKlLl.lA.M

PEACOCK TILES
Cast in Colorful Castoglas

Color is the key to the beauty

of this tile table—jusi as it is to

the iridescent elegance of the

proud bird himself. >ou can

make the plain tiles, of course

. . . everybody can. Bui what

about the sculptured birds that

resemble pieces from a Swedish

glass collection? Just follow the

easy-lo-understand. illustrated

instructions in our new booklet,

•HOW TO MAKE .ART
TILES." It tells the whole story,

;: .1 copy.

WILD FLOWER PL.\CE>L\TS
The Siifff Peas Are Real

and so are the Coral Bell leaves and

flowers. They are permanently em-
bedded in spun glass and Castoglas on

3 white base. The same method is used

for laminating translucent screens and

room dividers, lamp shades and lighted

murals. This is fascinating work with

limitless possibilities. For 25r. we will

mail you a copy of "HOW TO L.A.MI-

N.ATE GLASS P.ANELS".

YOU CAN MAKE ALL THESE YOURSELF
For Your Home, For Gifts, For Raising Funds

You and the entire family will enjoy hondcrafting these
delightful stylized birds, zoo animals and authentic fish

and fowl designs. They are fun to make. Use them to

decorate the children's rooms, the kitchen, the den and
recreation area. Nature study can be combined with fine

craft work as shown in the unusual Hie tables and trays

and distinctive jewelry castings. Material prices vary from
5c to 50c for individual projects, but the value of the

finished article is many times the basic cost.

Castoglas Pours Like Honey and Sets Like Glass
Within 30 Minutes at Room Temperature

Every coiorfui item iiiustrated here was made with Casto-

glas, alone or combined with spun glass, wood and em-
bedments of leaves, flowers, seeds, stones, sea shells,

sand, etc. They can be made in your own kitchen or

home workshop. No heat or pressure is required ... no
special tools. Everything can be done with scissors, knife,

spoon, brush and similar utensils. We furnish the essential

materials plus clear-cut, illustrated directions.

Please order the individual project booklets by name and
send order and remittance to Dept. 91-L.

THE CASTOLITE COMPANY • Woodstock, Illinois

WILD FLOnXR JEWELRY
Grasses. Seed Pods. Flowers

are embedded in Castoglas and cast

upon a base of sand and colored

resin. To fully appreciate their

beauty. you"d have to see the origi-

nals in full color. TTiey are truly dis-

tincti\e. The Queen .Anne's Lace in

the round casting, embedded in 1950,

is just as white and perfect today.

A wonderful nature study and craft

project for children. .Ask for "NA-
TURE JEW ELRY"-25c.

THREE GRACIOUS ANGELS
made with Castoglas-impregnated spun glass in tints

Df blue and milky white. Delicate as Venetian glass in

colors of your own choice. Use them for the table,

the tree, in the window, on the mantle or a mobile.

DECORATIA E WOOD CUT-OL"rS
You can buy them or make your omi designs. We'll

show you liow to color them and apply the glass

and ceramic-like Castoglas finish. Requires no heat.

Dozens of delishtful desisns available. Send 250

for the how-to-do-it 'FAIRY T.ALE BOOKLET."

CHRISTVLAS MOBILE
YouTl love this mobile, the
angels. The Nativity group and
other colorful decorations in-

cluded in "HOW TO MAKE
CHRISTMAS ORNAMENTS."
Youis for onl-. 25 '.

THE NAliMlY
Metal Foil in Castoglas

.Another outstanding project that looks difficult

because of its quality appearance. We have solved

the problems for you with patterns, simplified in-

structions and many suggestions for planning your
own designs and color schemes.

ALTHEXnC WTLDLIFE DESIGNS
.Another series of wood cut-outs that are educational,

decorative and fun to do. .Although the materials

cost only pennies, the finished cut-outs look like

expensive glass and porcelain an objects. Detailed

directions explain the basic process in our new
'W ILDLIFE BOOKLET," 25f.

A^jf/--^:



rn

C_] computers are helping scientists at

several universities probe one of the most intriguing mys-

teries of life— the puzzle of just how physical characteristics

are passed along the family tree. Hopefully, this kind of

research may lead to earlier diagnosis and treatment of

many hereditary diseases.

Scientists would like to know, for example, if a gene that

causes a particular hereditary disease travels along with a

gene for a normal trait, such as eye color or blood type.

So far, they have been able to trace certain inherited traits

back as many as nine generations. This problem is so com-

plex that a single step may require as many as a million

separate calculations.

In this and other areas of science, business, and govern-

ment, IBM computers are helping to find answers to prob-

lems too complex for ordinary solutions.

What traits did he inherit

from his

great-great-great-great-great-great-grandfather?
i
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Presenting - UNITRON's
Refractor — the telescope

Here is an ideal telescope for the amateur astronomer who wants

portability, precision and professional features.

UNITRON's New 2.4" Equatorial Refractor, Model 128, now offers

setting circles to help you find those difficult celestial objects that ore

too faint to be seen easily in a viewfinder. Once you have located a

star or planet, merely turn a flexible cable control and the equatorial

mounting will keep the objuct centered in the field of view. Or, better

still, choose the motorized Model 128C and let the synchronous clock

drive follow the celestial motions for you.

Model 128 is priced at ony $225 compete with everything needed

lo make the most of the time you devote to observing. Included in

New 2.4-inch Equatoriali

you have always wanted
this price is the precision equatorial mounting with its slow motioi

controls for right ascension and declination, setting circles, tripod

viewfinder, five eyepieces. Achromatic Amplifier (barlow-type) t(

double eyepiece magnifications, UNIHEX, Rotary Eyepiece Selector

sunglass, cabinets, etc. For only $275 you can order Model 128C wit!

all of the above features plus the clock drive.

Here is the telescope you have always wanted, at a price which i:

easy on your budget. If you prefer, use our Easy Payment Plan witl

only 10°o down and 12 months to pay the balance.

Don't miss out on the fine observing. Treat yourself to a UNITRON
—America's most popular refractor.

V/nie fo Dep'i. 21 H for a free copy of UNITRON's Telescope Catalog.

UNlTt^ON INSTRUMENT COMPANY — TELESCOPE SALES DIV.

66 NEEDHAM STREET, NEWTON HIGHLANDS 61, MASS.
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SALAD SET
Cast in pewter, this

heirloom set lias a

lustrous antique finish.

Made in Norway.
$16.50 ppd.

EBONY DANCERS
A solid block of ebony,
individually carved by
natives of Tanganyika.
No two exactly alike.

Approximately 8" high.

$8.50 ppd.

ELAND
Hand-carved Mvuli wood
by the native craftsmen

of Kenya.
Approximately 6" high.

$5.50 ppd.

GOLD-PLATED BRASS JEWELRY
The arabesque designs reflect

the Moorish influence in this

attractive jewelry for

men. Made in Spain.

Tie clasp. . .$2.50 ppd.

Cuff links. . .$3.00 ppd.

tax incl.

FILIGREE BRACELET AND PIN
Gold-washed sterling

silver filigree, finely

worked by native

craftsmen of Portugal.

Bracelet. . .$9.00 ppd.
Pin. . .$8.00 ppd.

»- tax incl.

HAND-PAINTED PAPIER-
mAche' box

A fine example of an
ancient art of Kashmir.
Hand-painted and hand-

lacquered with great care
and delicacy. 4" diameter.

$10.50 ppd.

POTTERY VASE AND STAND
Simplicity of design

makes this blue pottery

vase and composition
stand suitable for any
decor. Vase made in

Japan. Stand made in

U.S.A. 51/2" high
including stand.

$6.50 ppd.

Members of the Museum are entitled to a
10°o discount. Please do not send cash.
Send your check or money order to...
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USEUM MEMO

THERE ARE SEVERAL ROOMS in The American Museum
of Natural History that display no exhibits, contain no

laboratory equipment, have no collections, but represent,

nonetheless, some of the most important space in the

Museum's twenty-three acres. These are the meeting rooms

in which Museum scientists exchange ideas with one an-

other and with their colleagues from all over the world in

a continuous symposium. One of the most fruitful of these

exchanges occurred this year when a week-long conference

on the use of telemetry in the study of animal behavior and

physiologv was held at the Museum. Biologists and engi-

neers from many parts of the country assembled to discuss

the use of instruments such as miniature radio transmitters

to trace the movements of Antarctic penguins, grizzly

bears, woodchucks, and other animals. They noted the

progress that has already been made in the use of tiny

instruments for stud) ing biological functions in aerospace

medicine, and agreed that telemetry has exciting potentiali-

ties in studies of animal behavior

and ecology. Cosponsors of the

conference were the Museum, the

Office of Naval Research, and the

Foundation for Instrumentation,

Education and Research, in co-

operation with the American Insti-

tute of Biological Sciences and the

Instrument Society of America.

Another of the groups that met

at the Museum last year was the

International Council for Bird

Preservation, which is the oldest

international organization for con-

servation in the world. Delegates

came from Europe, Latin America.

Central Africa. Hong Kong, India. Canada. Japan. Iceland,

the Union of South Africa, the Philippines, and Malaya.

Their discussions included reports on the use of pesticides,

the pollution of the seas by oil. and birds in danger of

extinction. As one press representative pointed out. the

importance of birds as a continuing subject for friendly

international discussion was apparent at both the formal

and the informal gatherings.

Members of our own staff also traveled to distant parts

of the world, frequently combining scientific meetings with

field research. One of our scientists waded through the surf

off a tropical island in the West Indies while making a

geological survey. Another crawled along the floor of the

Panamanian jungle observing the behavior of a poison

fros'. An astronomer of The American Museum-Hayden

Planetarium made telescopic photograjjhs of the stars from

a mounlaintop at the Southwestern Research Station in Ari-

zona, and an ornithologist thrilled to his first observations

of the spectacular rifle bird in the wilds of Australia. In a

remote region of the Canadian Rockies, one of our paleon-

tologists excavated the fossil remains of fishes that lived

200 million years ago, while halfwaj around the world

another paleontologist re\eled in the rich fossil reptile col-

lections of South Africa.

The creative research of the staff, fostered by exchange

and field work, is in turn reflected in our exhibition pro-

gram. Last year, more than 2.500.000 visitors saw the

diversified exhibits by means of which the Museum inter-

prets scientific knowledge gained from its collections and

research. The influence that a good exhibit has on its viewer

cannot be underestimated ; a person spending an hour or

so in a Museum hall often finds that the experience has

kindled a lifelong interest in the subject.

_
These are the major concerns of

K^ ^' ^^i'^S^^^^^VS '^'* Museum—the acquisition, ex-

^<^'^'^^^^-^S^^^I///iillm change, and interpretation of

knowledge. But within this frame-

work we have a keen and continu-

ing interest in the very future of

knowledge itself, and certainly the

future of knowledge lies in the

hands and minds of the young peo-

ple of today. Among the year's par-

ticipants in the several Museum
programs designed to encourage

and strengthen scientific interests

in young people were budding biol-

ogists, anthropologists, geologists,

and astronomers. Typical were a

17-year-old high school lad who enrolled in the special

training program in astronomy and space science, cospon-

sored by The American Museum-Hayden Planetarium and

the National Science Foundation, and a 19-year-old college

girl who assisted a Museum scientist in the Foundation s

Lindergraduate Research Program. The boy. whose pri-

mary interests are biology and physics, plans to specialize

in astrobiology in college and dreams of the contributions

he can make to manned space explorations. The girl, a

biology major, plans to go to medical school and become

a research pathologist.

A boy and his dream of exploring space: a girl with a

goal of helping mankind through medical research . . . the

future of knowledge depends on such beginnings. At The

American Museum we view this future with enthusiasm.

Alexander M. White
President
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good birdwatching spots; where
to park; where to spend the night;

what special equipment to take;

what species to look for in dif-

ferent seasons.
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Reviews
"Field guide fashion"

spreads through world

By Francois Bourliere

THE present-day "field guide" concept

originates in the pioneer field guide

to the birds of eastern North America,

published twenty-eight years ago by

Roger Tory Peterson, that unique blend

of artist and naturalist who has probably

done more than any of his contempor-

aries to revive the interest in open-air

biology that characterizes our time. As a

matter of fact, species recognition based

on carefully selected field marks has

made possible a number of behavioral

and ecological studies that would have

been quite unthinkable a generation ago.

Such guides for the layman have made
field work attractive and appealing, and

have been largely responsible for the

growing interest in nature and conserva-

tion, now so apparent all over the North

American continent.

Future historians of natural sciences

will probably come to the conclusion that

the development of this new technique

of field determination played a trigger

role in the "boom" of contemporary
vertebrate biology. The most brilliant

concepts of community or population

ecology would indeed remain quite un-

verifiable if the various species could

not be accurately identified, sexed. aged,

watched, and counted on the spot, with-

out disturbing their activities.

It is therefore comforting to see that

the field guide fashion is rapidly spread-

ing out of its mother country to many
other parts of the world. Most of the

European countries have presently their

own field guide series. An attractive

Zoogdierenguids by F. H. van den Brink,

with plates by Paul Barruel, covering all

the mammals found west of the Ural

Mountains, was published by Elsevier in

Holland in 1955, and a revised German
edition was issued in 1956. Last year

Die Unterivasserfauna der Mittelmeer-

kiisten, a revolutionary guide for the

Mediterranean skin diver and underwa-

ter naturalist, was written by W. Luther

and K. Fiedler and published by Paul

Parrey of Hamburg and Berlin, Ger-

many. Its .32 color plates of coastal fishes

and large invertebrates executed by
Gertraud Hofmann are among the best

ever painted and printed. It even con-

tains four extra (plastified) Unterwasscr-

Tafeln, which can be taken under water

by the diver to assist him in identifying

the most common fishes. A similar vol-

ume written for the Florida and Wes
Indian underwater naturalist would cer|

tainly meet with great success. In Sout

America, Claes Chr. Olrog wrote a pio

neer field guide to Argentinian birds

Las Aves Argentinas, Tucuman, Institute

Miguel Lillo, which, despite its sketch)

and crude color plates, is a considerable

aid in identifying the birds of the south!

ern third of the continent. James Bond'
J'

Birds of the West Indies (beautiful!^

illustrated in color by Don R. Eckel

berry) and G. A. C. Herklots' The Birdi

of Trinidad and Tobago, published b)

Collins, London, although not true fielc

guides, are also valuable additions to the

library of the Old World naturalist ir

these parts of the world. Other titles are

also in preparation, including one mam-
mal guide for India and bird guides for

both East Africa and Mexico.

But the most ambitious set of field

identification books was not published

in the Western Hemisphere or in Europe.

It comes from Japan, where in a few

years twenty-four volumes have been is

sued by the Higashi-Ku Publishing Com
pany of Osaka. These guides constitute

a most remarkable accomplishment,

demonstrating not only the high stand-

ards of production of natural history

books in Japan, but also the remarkably

high "average level" of their amateur

naturalists in various fields.

The complete list of the titles available

to date shows the extensive coverage of

the existing volumes (some already in

their second edition
!

) . Apparently, the

only gaps are the reptiles-amphibians

volume, the second part of the fish guide,

and the last volume on herbaceous plants.

Every volume is, naturally, written in

Japanese, but each bears a bilingual

(Japanese-English) title page, and every

species illustrated bears a number refer-

ring to the Latin name as quoted in the

text. For the Western reader, unable to

read the Japanese text, these volumes

will nevertheless be most useful, acting

as illustrated color-atlases of the Jap-

anese flora and fauna.

What makes this series outstanding is

the quality of the color plates. Whether

they reproduce color photographs (as is

Eminent ecologist M. Bourliere is

also Professor of Medical Biology at

Universitv of Paris' medical schooL



tlie case witli the vulumes on l)utterflies.

ninths, and shells, for instance) or water

colors (as with mammals, birds, fishes.

plants), the accuracy of the colors and

the sharpness of the engravings are

amazing. The format is pleasing, al-

though a little too large for the usual

Western pocket. The binding is strong

and ever\' volume is sold in a tough card-

board case. Nothing similar has ever

been published ( I'or so low a price) in

Europe or North America.

The extensiveness of the coverage var-

ies considerably from one group to an-

other. All the species of mammals and

birds recorded from Japan are included

in volumes 6 and 7: 199 butterflies and

2.678 moths are illustrated in volumes

1. 21. and 22. About 1.200 shells are

figured in volume 4. and 627 species of

marine invertebrates are shown in vol-

ume 8. Volume 5 ( part 1 1 . on the other

hand, figures only 312 species of fishes.

The botanical volumes appear to cover

ipiite extensively the various species of

flowering plants, ferns, large mushrooms,

and algae indigenous to Japan.

The Story of Man, by Carleton S. Coon.

Second Edition (revised). Alfred A.

Knopf, S7.50; 438 pp., illus.

IN The Story of Man Carleton Coon has

undertaken no less a task than a sur-

vey of the human adventure, from the

first appearance of manlike creatures a

million or more years ago right up to the

present atomic age. He has done this in

but little more than 400 pages—certainly

a record of compression except for a

number of aphorisms that after all are

not comparable. He has been able to do

this by eliminating the personae of his-

tory, by avoiding dynastic and other

political machinations, and by ignoring

generally the highroads as well as the

bypaths of conventional history. By
adopting Leslie T^ bite's concept of the

evolution of culture as an expression of

the increasing energy potential man has

discovered how to use. Coon has pro-

vided himself and the reader with a

means of tracing the course of human
progress. This makes for a very reason-

ablv objective approach to an otherwise

highly complicated history that others

have taken volumes to tell and without

covering as much of a time span. For

Coon starts with the biological begin-

nings when the only energy available

was man's own muscles.

There are inherent difficulties with

an assignment as sweeping as this in

time and as succinct in space. In the

earlier story the facts are few and in

the later ones they are overwhelmingly

abundant. Both situations present pit-

falls for a book of this sort. In the

former, an author might find himself fre-

quently tempted to infer too much from

the tew bones and the simple stone arti-
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Colorful, unusual dolls from far-away
places! Authentic, hand-made costumes!

Any one of these would be a "just right"

starter for a collection, or the "just right"

addition to one.

1. GREEK DOLLS
Woman approximately S^o ' high
Man approximately 10" high

2. INDIAN DOLLS
Each approximately 6" high

3. KOREAN DOLLS
Each approximately 10" high

S6.50 ppd.
$6.50 ppd.

.'52.35 ppd.

S3.50 ppd.

Members of the Museum are entitled to a 10%
discount. Please do not send cash. Send your
check or monev order to . .

.

tke/Hns
THE .4MERIC.-\N MUSEUM OF NATURAL HISTORY, NEW YORK 24, N.Y.

5



facts available. This is especially true

when writing for a general public not

conditioned to find in the technical prob-

lems the fascination they present for the

specialist. It is hard under the circum-

stances to resist putting some flesh on the

bones and to refrain from inferring too

much from the artifacts. Unfortunately,

in this lively tour de force Coon has

fallen too frequently into this trap, thus

marring a performance of great merit.

Occasionally we even find inference can-

celing inference. For example: "Of the

communication of Upper Paleolithic and

Mesolithic man we know almost nothing

except that Upper Paleolithic hunters

apparently kept count of their seasons'

kills on notched sticks. These tallies may,

however, have been formal invitations to

a wedding, with the notches indicating

the number of days to elapse before the

ceremony. Australians make such mes-

sage sticks."

In the later periods, the reader may
find the generalizations for brevity too

general to mean much. There are even

such comments as this: "Twenty years

ago the average American household

consisted of a father and mother and
three children, with one maid who slept

in the attic and worked in the kitchen.

Often a hired man mowed the lawn
and tended the furnace." I guess most

of us were subaverage 20 years ago!

Perhaps these imperfections are inevi-

table, or perhaps they stand out because

so much of the rest of the writing is excel-

lent and thought-provoking.

Harry L. Sh.\piro

Mushrooms and Other Fungi, by H.

Kleijn. Doubleday & Co., S10.50; 144

pp., illus.

FOR a number of years popular books

on fungi, especially those with color

illustrations, were few in number and
difficult to obtain. Within the past 10

years, however, several well-illustrated

books on fungi, written by competent

authors, have appeared. This one, by

H. Kleijn, president of the Royal Society

of Natural History in Amsterdam, is un-

surpassed in beauty. It contains 94 color

photographs of fungi in their natural

habitats. Although it treats European
species, many also are found in North

America or have close relatives here.

The brief text (31 pages) and the

abundant photographs are nearly inde-

pendent of one another. This leads to

mechanical difficulty when one attempts

to read the text, for each page of copy

is separated from the next by three pages

devoted to pictures and captions. The in-

convenience is compensated partially by

the high quality of the photographs, cap

tions, and text.

One shortcoming of this book is tha

no attempt has been made to adapt it fo

an American audience. The America:

lay reader will find a number of unfa

miliar common names (for example
paunch fungi for puff balls, stinkhurn-

and earth stars; spine fungi for tinitl

fungi). Other European usages are aU'

prominent, such as lime for linden am
electric torch for flashlight. Terminologji

also is loose, including the use of "stem'

for the stipe, or stalk, of a mushroom.

The colored photographs are excellent

close-ups of the conspicuous spore-bear-

ing bodies of fungi. Two improvements

that might be added are an indication

of the scale, for the degree of enlarge-

ment or reduction of the illustrations

varies widely, and some comment on the

distribution of each species. The few

line drawings are neither adequately la-

beled nor well integrated with the text,

which is composed of interesting

counts of the historical uses of fungi,

legends about them, a brief description

of the structure and growth of the plants,

and an outline of fungus classification.

The description of the life cycle of a

fungus is incomplete, perhaps because

of some mistaken opinion of author or

publisher that the layman does not want,
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or could iKPt comprehend, the few addi-

tional details that would both clarify

the story and increase its interest.

For those who wish a brief, readable,

and authoritative account of the larger

fungi plus a superb album of nature pho-

tographs, this book has much appeal.

For those who desire a book to aid them

in identifying the fungi they may see in

the lawns, fields, and forests around their

homes, it will be of only slight value.

.Jack McCormick

Our Wildlike Legacy (Revised Edi-

tion ) . by Durward L. Allen. Funk &
n'agunlls Co., $6.50; 422 pp.

THE changes in this revised edition are

minor, and are intended mainly to

bring up to date what was justly ac-

claimed some years ago as one of the best

(if not Ihe best ) books on wildlife in re-

lation to contemporary human society.

Durward Allen writes with ability and
with readability from his knowledge of

biology and related subjects—a rare

combination in this specialized field.

In this edition. Dr. Allen is still driv-

ing toward the same goal—with the quiet

persuasion of incontrovertible fact he

wants to dissolve the vast mass of mis-

information, sentiment, and prejudice

that has built up in the public mind

about man's relationships with other ani-

mals on this ])lanet. Since these rela-

tionships are practical, often subject to

regulation by law. the issue is urgent.

As Dr. Allen points out: "Wildlife is

one of those renewable resources that

must be managed if we are to have con-

tinued benefits from it. The whole peo-

ple have a common interest here. Many
of them feel this intensely and they want

to do the right thing. But specifically

how can they serve that interest? In

terms of the public weal, what is sound

. . . ?" Dr. Allen comes as close as any-

body can to answering those questions.

PlETER FOSBURGH

Flow ERs ok Field and Forest, by Clar-

ence J. Hylander. The MacmiUan Co.,

$4.50; 231 pp., illus.

THIS is a good book, and it goes far

beyond the field guide category sug-

gested by the title. In this book. Mr.

Hylander is more an ecologist than a

botanist (although he is always both),

and tells where to look for plants as well

as how to identify them.

"\ou would never think of looking up
someone in a strange town without know-

ing his address. The habitat ... of a wild

flower," according to Mr. Hylander, "is

its address ; when you know this, you have
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some idea where to look for it."

Then he groups flowers as they are

found across the country, separating

them by habitat, by color, and by con-

struction, wherever they may be found.

This is not a big book, and Mr. Hylander

has selected only some 200 species of

wild flowers for discussion and illustra-

tion. But these are used to acquaint the

reader with the various types of plant

communities as they exist throughout the

country, and with the environmental con-

ditions that make possible such exist-

ence. With this knowledge in hand, the

reader may then proceed to personal in-

spection of any one of these communities,

and here the author's simple rules for

identification will prove most useful.

"To be able to call a flower by its cor-

rect name is a satisfying achievement,"

he writes. "But it becomes even more

satisfying when you recognize the flower

as a living thing with 'likes' and 'dis-

likes,' and have learned why it is able to

live where and how it does."

Most wild flower field guides—and

there is a plethora of them—describe at

least briefly the environment in which

a particular species may be found, but

the emphasis is on the flower itself. Mr.

Hylander reverses the emphasis, and we

progress from environment to flower.

This simple, unpretentious work is short

but effective, and fully realizes the hopes

of the author to give "a dynamic view-

point of plant life; and understanding of

the relationship between a wild flower

and its environment. . .
."

PlETER FOSBURCH

The World of Ice, by James L. Dyson.

Alfred A. Knopf, S6.95; 292 pp., illus.

HERE is a long-needed, comprehensive

treatment for non-specialists of the

fascinating subject of glaciers and

changing climate, permafrost, and ice-

bergs. Beginning with the discussion of

snow line, perennial snow fields, and the

mechanisms of birth and movement of

glaciers. Professor Dyson proceeds to the

characteristics of mountain glaciers and

continental ice sheets. This is followed

by excellent coverage of sea ice, ice-
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bergs, and permafrost—subjects that are

too often overshadowed by the more

spectacular manifestations of land-based

glaciers, but to which Dyson justifiably

devotes fifty pages (more than one-sixth

of his book). After providing the reader

with this background, the author looks

at the evidence, meteorological, geologi

cal, and biological, for climatic change

in the present, in the historical past, in

postglacial time, and, finally, during the

Pleistocene Ice Age.

Dyson very clearly and concisely pre-

sents a tremendous amount of informa-

tion. In just 274 pages he discusses not

only the essentials but also many of the

innuendoes of scientific interpretation of

glacial phenomena. At the same time

he has sprinkled the book liberally with

cultural activities associated with the

world of ice, such as pursuit and identi-

fication of the mysterious Himalayan
Yeti, destruction of Alpine villages and

farms by medieval glacier advances and

by modern-day avalanches, and the

rigors of polar exploration. The com-

pleteness and objectivity of Dyson's

treatment are quite satisfying to a glacial

geologist, who wonders, however, if the

non-specialist might be left behind at

times—for example, as the author breezes

through the concept of glacier move
ment. Perhaps a few line drawings would
have been helpful at this and other

places. Fortunately, the author includes

an excellent bibliography and glossary.

The photographs are of outstanding

quality and are well chosen to illustrate

many features that the author discusses.

However, the reader would have bene-

fited even more if the photos were re-

ferred to at critical points in the text.

The final chapter includes interesting

speculation about future encroachment

by continental ice sheets into populous

areas of the Northern Hemisphere. For

nearly the first time in popular print we
read that such advances will not be

catastrophic, and. moreover, that people

of the future will scarcely be aware that

they are retreating before an advancing

ice sheet, although the docks in New
York Harbor may end up halfway across

the continental shelf.

Dyson's coverage is fully up to date, in-

cluding International Geophysical Year
observations and even the cable car acci-

dent that occurred near Mont Blanc in

1961. This book should completely sat-

isfy the curiosities of the numerous indi-

viduals who like to speculate about our

changing climate. It is especially recom-

mended as an antidote to perennially

recurring "crackpot" theories on catas-

trophic causes and consequences of ice

ages. Professor Dyson draws widely on

his own travels and experiences to pre-

sent in a clear, non-technical fashion his

appealing narrative about the fascinat-

ing world of ice.

William R. Farrand



Belated tribute to an unkno\vn scientist

No one knows his name or exactly where he lived.

Best evidence suggests he existed during the Paleo-

lithic period. Which means this tribute is at least

some ten to fifteen thousand years overdue.

His lone scientific achievement: he discovered a way
to start a fire. Undeniably, this was a significant moment
in the history of human progress . . . this moment when
an anonymous savage forgot his natural fears long

enough to ponder, to try, to discover. Per-

haps his discovery was merely an accident.

Still, it took curiosity to experiment
further. His reward: new protection from

cold, darkness, wild beasts.

Though he couldn't realize it, this Stone

Monsanto

Age scientist ignited a flame that changed the world

... a flame that was to spark other discoveries, new
civilizations. It eventually lighted man's way in his

long journey to the golden age of science.

Here at Monsanto, scores of scientists work daily . . .

carrying out basic and applied research in chemistry,

physics and other natural sciences. In a very real sense,

they are intellectual descendants of the

unknown scientist. In another age, they

ponder, try, discover— searching for new
contributions to the welfare of mankind.

Monsanto Chemical Company, St. Louis

66, Missouri.



Emerging Man in
Recent finds provide more clues to the origins
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Skull found at Sterkfontein in South Africa is that of
Australopithecus ajricanus. Lower Pleistocene link in the
evolution of man. Australopithecine traits included small,
apelike cranium atop a projecting face with heavy jowls.



Grid posts delimit area where stone site. Cave in which australopithecine

tools were discovered at Sterkfontein remains were uncovered has collapsed.

By Ronald Singer

ALEOANTHROPOLOGISTS TODAY are

methodically uprooting fossil evi-

dence from the African soil and reas-

sembling the evolutionary sequences.

Discoveries of the past century have

provided a commentary on the origin

of the human genus and species, Homo
sapiens, and many of the so-called

missing links have been forged into a

likely chain of events.

Mankind was cradled in Africa

about one million years ago, some 70

million years after the first primates

surged upward in the generalized

mammalian genesis that followed the

decreasing superiority of Mesozoic

reptiles. During that Paleocene period,

adverse conditions decimated the giant

reptilian genera, and small mammals
diversified in geometric progression,

either adapting and progressing or

becoming extinct along aberrant lines

of ecologic experimentation.

During the Lower Oligocene (ap-

proximately 40 million years ago),

the area that is today called Egypt

contained Parapilhecus, probably the

earliest apelike form, as well as Pro-

pliopithecus, which appears to be a

close relative of the ancestral stock

of the modern gibbon. Primitive gib-

bons, long-limbed arboreal apes, are



Makapan Valley was habitat of giant

animals and australopithecines about

one million years ago. Fossil-bearing

breccia from caves awaits processing.

represented in the early Miocene
(approximately 25 million years ago I

in East Africa by a few genera, of

which one advanced form, PUopithe-

cus, spread into Europe and Asia.

About 10 million years ago ( Pliocene

period J it was sufficiently adapted to

give rise to the modern gibbons, now
confined to Malayan environs.

The Miocene lake bed deposits ex-

posed in the hot, dry gullies on Rus-

inga Island, near the Kavirondo Gulf

of Lake Victoria, have revealed a fairly

complete series of fossilized remains

of Proconsul, an extinct generalized

form of ape, of which three widely

separated species have been described.

They ranged from the size of a small

chimpanzee to a large gorilla, and were

capable of running and jumping along

the ground and along branches. The
several dental fragments of the vari-

ous species of Dryopilhecus recorded

from the Middle and Upper Pliocene

deposits of Africa (and India and

Europe I reveal considerable variation,

so that some resemble the living orang,

some the chimpanzee, and others the

gorilla, while the cusp pattern of the

molars adumbrates those known in

the fossil ancestors of Homo sapiens.

There are many reasons for believing

that Proconsul or closely allied gen-

era formed an ideal generalized stock

that could have given rise to a diver-

sity of evolutionary forms as repre-

sented in the Hominidae ( extinct and

recent forms of man I and the Pongi-

dae (anthropoid apes I. In March,

1962, Dr. L. S. B. Leakey announced

in the American press the discovery

at Fort Ternan in Kenya of specimens

stated to be 14 million years old. He
claims that this advanced Proconsul-

like form seems to be midway between

the early apes and man. However,

these scanty remains at present do no

more than confirm the evolutionary

potential in a hominid direction of this

wide-ranging genus.

THE varied and generous African

environment provided the lost

paradise where the Hominidae separ-

ated from the Pongidae, and. during

the course of 10 million years, radiat-

ing forms moved along a number of

evolutionary avenues. Many of these

avenues led into a cul-de-sac, but some
broadened into the human pathway.

The most significant phase in the

study of human origins in the first

half of the twentieth century was ini-

tiated in 1924 when Raymond A. Dart,

then the Professor of Anatomy at the

University of the Witwatersrand, rec-

ognized the importance of a fossil

baboon skull brought to him by a

student. Miss Josephine Salmons. The

skull derived from a quarry being

mined at Taung in Bechuanaland,

whence shortly after parcels of pink,

bone-bearing breccia—calcified sedi-

ment or debris cemented in blocks-

were dispatched to Dart. Included

therein was the endocranial cast or

mold of the interior of the skull, as

well as parts of the broken skull into

which it fitted. He immediately ob-

served with great excitement that the

mold was three times the size of a

baboon brain and larger than that of

any adult chimpanzee. These remains

represented the now-famous juven-

ile Australopithecus ("'southern ape"'

I

africanus, which Dart described in

1925 when he indicated the unique

presence of hominid characteristics in

an otherwise pongid skull. In the face

of an effusive series of critical and

12



unbelieving blasts from experts out-

side Africa. Dart, with his Australian

tenacity, persisted in his initial con-

clusion. Only eleven years later Dart's

insight was irrevocably supported by

Robert Brooms recovery of the brain

cast and skull of Plesiantliropiis (now

Australopithecus) transvaalensis,

fondly termed "Mrs. Pies." Subse-

quent discoveries stimulated research

and discussion throughout the anthro-

pological world—some seeking to dis-

prove, others trying to support the

descriptions of the many australopi-

thecine fossils found in South Africa.

Thus it was under a cloud that Aus-

tralopithecus, the first of the primitive

hominids. was born. Since 1925 skel-

etal remains of about 100 individuals

have been recovered in the Transvaal

at Sterkfontein, Kromdraai. Swart-

krans. and Makapan Limeworks. Out

of this series have crystallized two gen-

era, Australopithecus and Paranthro-

pus (which some scientists believe

should be merged into the former
)

,

two species, and four subspecies.

The most spectacular of these Trans-

vaal sites are the caves at Sterkfon-

tein and in the Makapan Valley. In

Daylight streams through collapsed

roof of Limeworks Cave. Massive cone

of tons of rubble and breccia has yet

to be scrutinized by research workers.

Continent of Africa is dotted with

major hominid sites from Pleistocene

epoch. They range from Algeria in the

north to southern tip of South Africa.

13



caverns, water-eroded or dissolved out

of massive hills of dolomite and

travertine, the fossilized remains of

hundreds of mammals (antelopes, car-

nivores, rodents, baboons, australopi-

thecines. and many others I are now

found cemented by lime into the floors,

which have been disturbed by roof

falls and bv miners" blasting opera-

tions. The success of the miners has

resulted in innumerable headaches for

the paleontologist and geologist.

WHEN scientists were first brought

to the Makapan Limeworks
caves they found large ramifying blast

holes in the side of the hill. Study

and analysis later revealed the likely

sequence of events prior to economic

excavations. At some depth below the

surface, probably more than a million

years ago, a large cavern was formed

by water action on the limestone.

Subsequently, through formation and

enlargement of cracks in the roof, a

large block of dolomite crashed to the

floor, partly sealing ofF the lower part

of the cavern and creating another

cavern above it. After a further period

of lime, water action caused much of

the roof to collapse onto the floor of

the upper cavern, so that the "cave"

now had a large communication with

the exterior. Naturally, while all of

this was going on. percolating water

also produced channels deeper down

so that lower caverns, which could

later communicate with the upper

ones, were also being created.

When the sediments were being

washed into the cave, large amounts

of animal bones were also being de-

posited on the sloping floor at vari-

ous places. The four primary ques-

tions that arise are:

Were all the bones, which include a

small percentage of australopithecine

remains, brought in by different carni-

vores using the cave as a lair during

a long period of time?

Alternatively, are the fossil remains

a midden resulting from australopi-

thecine occupation?

Did australopithecines alternate

with carnivores in occupying this vast,

ramifying cave?

Is this a midden of a more human
animal whose victims included the

australopithecines?

Carnivores and rodents have un-

doubtedly played a part in the cave

story, but as yet it cannot be decisively

determined, in the absence of any

lithic industry at the Makapan Lime-

14

works caves, whether or not the austra-

lopithecines occupied them or were

only part of the remains of the preda-

tory activities of carnivores or some,

as yet undiscovered, more advanced

hominid form. At Swartkrans there is

suggestion of the latter animal in the

few fragmentary remains of Telantliro-

pus, which may ultimately prove to

represent a pithecanthropine. Profes-

sor Dart has continuously maintained

that the majority of the bony remains

were tools of the australopithecines.

However, I am not convinced that any

of these bones were fashioned, or

manufactured, into tools, although it

is obvious that any sharp or blunt

bony object may have been utilized

as a tool. In the light of the fact that

in South Africa the australopithecine

remains have been recovered exclu-

sively from cave deposits, it has been

assumed that the ape men were cave

dwellers. But if one considers their

remains merely as a small part of, and

scattered among, the large assemblage

of fossilized fauna, then their cave-

dwelling nature is purely an assump-

tion, not a conclusion. Actually, the

great depth of the caverns, the ape

men's lack of knowledge of fire, and

the geological evidence of the pres-

ence of substantial amounts of subter-

ranean water during the main period

of bone deposition work against such

an assumption. Furthermore, else-

where, australopithecine remains have

been recovered from open-site de-

posits, namely Olduvai Gorge, Laetolil,

Lake Chad, Jordan Valley, and Java.

That such primitive hunters and gath-

erers of food would have dwelt in caves

seems to be an unproved and unlikely

behavioral pattern.

ONE aspect of the possible habits of

australopithecines requires com-

ment. At this very early stage of hu-

man history it is probable that the

man-apes were living either in troops

like modern baboons or in family units

like modern gorillas. They lived in

an environment dominated by giant

mammals, such as now-extinct forms

of elephant, hyena, wild pig and wart

hog, saber-tooth tiger, rhino, lion,

baboon—animals that are best avoided

in open combat. So far as the man-

apes were concerned, despite powerful,

large jaws, their canines lacked a

"ripping"' quality, and gripping hands

were the substitutes for claws. Here,

then, was the challenge that required

astuteness, experience, and the ability

"Mb
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Sandy terrain at Elandsfontein farm

has yielded more than 20,000 fossils
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Fossil fragments speckle surface of ferricrete ridge at the left exlemU

principal site at Elandsfontein. The in a tortuous path for almost a mile.
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and about 6,000 stone artifacts. Finds

include bones of some 3.'S mammal types.

Hundreds of hand axes like the four site. Saldanha men made them near end

above were found at the Elandsfontein of earlier Stone Age in South Africa.
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Frontal view of Paranthropus robustus skull, discovered
at Swartkrans in the Transvaal, shows marked resemblance

to Zinjanthropus from the Olduvai Gorge in Tanganyika.

Pelvis and vertebral column are more human than apelike.

to improvise in a difficult situation.

Brute strength or speedy legs did not

constitute a sufficient defense mechan-

ism, but sharp wits were required, as

well as the ability to throw stones,

wield sticks, and grapple efficiently.

The latter may have involved the cre-

ation of the idea of teamwork: while

one individual held away an animal's

savage jaws, another would respond

to the call of alarm and move in with

a rock, stave, or heavy bone and blud-

geon the beast to death. Survival of

the relatively defenseless australopi-

thecines may have depended on the

development of an efficient communi-
cating system. Consequently, the dan-

gerous environment, interacting with

an innate mechanism and ability to

adapt rapidly, created the humanizing
tendencies. The freed hands and the

enlarging brain were the major de-

vices required to open the evolutionary

doors to technological skill and social

success. The australopithecine remains

represent about 100 individuals, which

i6

in general were small animals. The
Australopithecus female, slender and

broad-hipped, weighed roughly 60

pounds, the Paranthropus probably

half as much again. They were essen-

tially bipedal, and had skulls with a

combination of characteristics specific

to both pongids and hominids. The
hominid jaws, teeth, palatal contour,

and jawbone are set against a small

pongid cranium resting on a project-

ing, heavy-jowled face. The pelvis and

vertebral column are much more like

those of a true man than of any ape.

THE Transvaal fossils are real

"links" and they demonstrate that

the anatomical requirements for the

erect posture were present before the

brain expanded. It would appear that

the concomitant attributes of freed

upper limbs, such as the manufacture

of tools, the development of a technical

tradition, and various "superior" so-

ciological adaptations, were advances

associated with an enlarging brain. At

the Sterkfontein site there are two

distinct phases. The earlier contains

abundant Australopithecus remains

(more than 100 specimens) and this

extensive deposit has revealed not a

trace of stone artifacts or even foreign

stone. Overlying this is a more recent

breccia with very scanty Australopi-

thecus fossils, but here there are com-

plex stone artifacts, which are less

sophisticated than the hand ax culture

associated with pithecanthropine re-

mains in North Africa (Ternifine and

Sidi Abderahman).
The Australopithecus remains at

Makapan Limeworks are not associ-

ated with any stone tools, so that, in

general, it can be stated that about 95

per cent of the remains of this genus

are clearly not found with stone imple-

ments, while about 5 per cent, at only

one site, are associated with an early

Chelles-Acheul industry. If the austra-

lopithecines manufactured stone im-

plements, and there is no way yet of

establishing this, then, by definition,



they were "human," or true men. How-
ever, if the australopithecines were not

loolmakers, as would seem possible,

then there was present at that time a

more advanced form whose victims

were these ape men and who were the

successful competitors for that partic-

ular environment. In the evolutionary

sense it appears that the presently

known australopithecines were "too

late" to be the direct ancestors of true

man, but they were very close to those

ancestors and may constitute an ex-

perimental cul-de-sac that radiated

from the true hominid ancestral stock.

rEOLOClCAL and faunal evidence

available at the South African

sites indicates that the earlier Sterk-

fontein deposit is the oldest (Lower

Pleistocene), followed by the Maka-

pan Limeworks, and then the later

phase of Sterkfontein. Only Australo-

pithecus has been recovered from

these sites. This sequence is followed

by the deposit at Swartkrans and then

that at Kromdraai. and these two

sites are typified by the occurrence of

Paranthropus. The pithecanthropine

Telanthropus, as well as stone tools,

make their appearance at the time of

the later deposition at Sterkfontein.

It is of consequence to recognize that

when Paranthropus arrived on the

evolutionary scene, toolmaking was

already an established industry.

Corroborative evidence of the wide

distribution of the ape men in Africa

was recently uncovered by Mary Leak-

ey in the vast bone repository in the

Olduvai Gorge of Tanganyika, where

a systematic fossil hunt has been pur-

sued for about 30 years. This australo-

pithecine skull was dubbed "nutcrack-

er man" by Louis Leakey, because of

the large, squarish teeth in the upper

jaw, and he referred the material to a

new genus, Zinjanlhropus, but it is

highly likely that instead it is another

species of Paranthropus. On the same

level (in Bed 1 1 as "Zinj" were also

the remains of many mammals and a

large number of stone artifacts. In

respect to the latter, the questions once

again arise: was "Zinj" the manufac-

turer or was he the victim of those

stone bludgeons, manufactured by

a more advanced contemporaneous

form? In other words was he the killer

or the kill? The latter is suggested by

such indirect evidence as: (a) the

nature of the associated remains does

not differ particularly from the thou-

sands of fossil remains, many similarly

Reconstructed skull of Saldanha Man
was another Elandsfontein find. It is

one of two African variants of Asian

and European Neanderthal equivalents.

Broken Hill skull, found in a cave

in Northern Rhodesia, resembles skull

of Saldanha Man and is other African

find displaying Neanderthaloid traits.

17



Solid ironstone forms central core

of a sectioned ridge at Elandsfontein.

Nalure and color of sand deposited on
each side of ferricrete differ widely.

Extinct giant buffalo is excavated

at Elandsfontein. These bovids, with

horns spanning 12 feet, grazed on the

veld in herds about 100,000 years ago.

Modern wart hoc's teeth in skull,

center, are dwarfed by teeth of giant

extinct pig Mesochoerus lategani. Old
form was as large as young rhinoceros.

grouped, found elsewhere at Olduvai

:

(b) some of the remains of "Zinj."

adult and juvenile, are found scattered

in the same area; and (c) a similar

scanty distribution of man-ape frag-

ments relative to extensive faunal re-

mains is seen elsewhere, where no

stone artifacts have been recovered.

LATE in 1960, a large fragment of

j the lower jaw and two bones

(parietals) of a skull of juvenile age

(possibly of one individual) were re-

covered in Bed I, some feet lower than

the "Zinj level" and a short distance

away. Some teeth, two clavicles, a

portion of a foot, six finger bones, and

two ribs were also found. Although

Dr. Leakey refers to this site as a

^'p^e-Zinjanthropus level," it is not

clear what the time lapse between the

two levels really was. However, it is

probable that it was short. A satisfac-

tory reconstruction of the parietal

bones is doubtful, and at this early

stage of their study it seems that the

jaw and cranial bones belonged to a

young australopithecine, possibly a

species of Australopithecus. The juve-

nile parietal bones are cracked but the

fracture is typical of the result of gen-

eralized pressure of the tons of soil

and rock resting on it rather than the

dramatic "murder" first attributed to

it in the newspapers. In any event,

"murder" is a term applicable only

in relation to laws of human society.

The remarkable little australopithe-

cines were not confined only to the

Transvaal and Tanganyika. It should

be mentioned that as early as 1939

the latter area provided evidence of

the presence of these ape men when
some australopithecine-like teeth were

discovered by Kohl-Larsen on the Ser-

engeti Plains, not too distant from
Olduvai. In faraway Java an australo-

pithecine jaw was recovered just

before the Second World War, and

during 1961 remains of man-apes

were reported both from Lake Chad
in North Africa and from northern

Israel. Thus we are getting a clearer

impression of the widespread nature

of the australopithecines, indicating

probable migrations over thousands

of years extending through the termi-

nal Pliocene and early Pleistocene,

which resulted in adaptation to new
environments, for better or for worse.

We cannot yet assess when and why
man-apes ultimately became extinct.

What of the earliest recognized true

man in Africa? From the Olduvai



Gorge came news in late 1960 of the

discovery of "Chellean Man." named

because of associations with relatively

advanced implements. He could be

considered on the same relative evo-

lutionary footing as Pithecanthropus

from Java and China, the earliest

toolniakers who knew the use of fire.

Chellean Man could be considered as

an African variant of the genus, with

more massive bon\ supraorbital pro-

jections and a number of other minor

variations. In North Africa at Terni-

fine. in .\lgeria. three human lower

jaws were found with many faunal re-

mains and Chelles-Acheul implements.

It is considered that these jaws I un-

happilv placed in a new genus. Atlan-

thropus I also belong to the African

Pithecanthropus complex. The pithe-

canthropines. with their distinct hom-

inid posture and with only a few-

apelike features, constitute essentially

a stage of mankind that is ancestral to

the later forms. Neanderthal Man and

modern Homo sapiens. Early pithe-

canthropines probably overlapped in

time and territory with the australo-

pithecines. and may have survived to

less than 400.000 years ago.

ALTHOUGH the term Neanderthal

_ Man should be strictly reserved

for those stocky, cold-adapted men

who occupied the continent of Europe

during, at least, the first cold phase

of the last glaciation. about 100.000

years ago. one is tempted to interpret

similar morphological types living

contemporaneously in Africa and Asia

as racial variants of the Neanderthals.

The immediate post-pithecanthropine

phase is at present represented in Af-

rica by two skulls, one from Broken

Hill in Northern Rhodesia i Rhodesian

Man 1 and the other 2.000 miles to the

south, from Hopefield in South Africa

(Saldanha Man'. About thirty years

ago the fragmentary remains of an-

other beetle-browed individual were

discovered approximately 1.000 miles

north of Broken Hill near the shores

of Lake Eyasi on the Serengeti Plains.

not far distant from the Olduvai Gorge.

The badly preserved remains were

tentatively reconstructed and named

Airicanthropus. Incorrectly placed in

a new genus, the Airicanthropus prob-

ably represents a form of Homo that

is closely related to the Broken Hill

and to the Saldanha skulls.

The Broken Hill skuU was discov-

ered in the lowest part of what had

been a subterranean cave that was

^^3?^

Paranthropus
^ Australopithecus

Australian Aboriginal

Primates" skulls and dentition show
evolutionarv chanaes including facial

Neanderthal—Rhodesia

Drawings not to scale

recession, cranial growth, and lack of

big canines from Australopithecus on.
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An authorit>' on human evolution in

Africa. Dr. Singer is an anatomist

and physical anthropologist. A co-

discoverer of the Saldanha skull, he

is now at the University of Chicago.

blasted open by miners in 1921. As in

the case of the Limeworks caves, the

skull, fossilized faunal remains, and

artifacts accumulated at the bottom

of a sloping floor. The skull is mas-

sive, with thick, projecting brow

ridges, surmounted by a flat, sloping

forehead. It is so gross-looking that

for many years some scientists pre-

ferred to consider it as a pathological

anomah — an acromegalic. However,

this doubt was dispelled when, in 1953,

the author and a field assistant recov-

ered fragments of a skull at Hope-

field, that, when reconstructed, was

indisputably akin to Rhodesian Man.

The new discovery was named Sald-

anha Man because of the proximity

of Hopefield to the historically known

Saldanha Bay. The site is on a farm

called "Elandsfontein," and consists

of a large eroded area I about 2.5

miles by 1.5 miles in size ) in the bushy

Sandveld. During the ten years of

field work I carried out with teams of

students and colleagues, more than

20,000 fossils and about 6,000 stone

artifacts have been recovered from the

surface of the fossiliferous floors that

lie between the 40-foot-high sand

dunes of Elandsfontein farm.

THIS remarkable, fossil-strewn site

must be seen to be believed. Al-

most every foot of the surface between

the dunes reveals a recognizable fos-

silized bone as well as hundreds of

minute chips of fragmented bone.

From this site more than 35 mamma-
lian genera and many more species

have already been diagnosed. These

animals represent a mixture of the

grassland and bushveld faunas, a situ-

ation seen today around the Etosha

Pan in South West Africa, where arid

conditions have forced these two dif-

ferent types of fauna to congregate

around the only constant drinking

place in a vast region. The Hopefield

fauna, 20 per cent of which are extinct

forms, occupied the site during the

period extending from the tail end of

the Middle Pleistocene to the early

part of the Lpper Pleistocene of south-

ern Africa—that is, about 200,000 to

about 100,000 years ago. The break-

down of the faunal forms, coupled

with pollen analysis, leads to a picture

of the landscape at that time— open

savanna country merging with dis-

tant scrub and bushveld, and forested

regions scattered toward the moun-

tains on the horizon.

About 15 miles from Hopefield is

another fossil site at Langebaanweg.

Here, too, commercial interests have

unearthed a wealth of fossils— the

upper layers overlap the Hopefield

period, while the lower, phosphate-

bearing strata are yielding fossils of a

Lower and Middle Pleistocene epoch:

three-toed zebrines, archaic elephants,

and short-necked giraffids. Sea inva-

sion of the extensive site ( about six

square miles I is indicated by the

presence of numerous sharks" teeth

scattered among some of the mam-
malian remains. H a hominid should

be discovered here, it may well prove

to be another "key" form in the in-

tricate evolutionary mosaic.

Thus Saldanha and Rhodesian Man,

who, although found 2,000 miles

apart, are alike as brother and sister

(in the evolutionary sense I , represent

the African variation of the Neander-

thal equivalent of Europe and of Asia.

Interestingly, the African and Asian

forms are more like each other than

either is to the European form. We
can picture that distant period as hav-

ing three major racial variants of

mankind on three major continents,

which, though separated by distance,

came into contact with each other by

intercontinental migrations, sharing

their cultures and mixing their stocks

so as to blend the later, more modern

forms of mankind.

Scattered throughout southern Af-

rica are dozens of other sites revealing

the fossilized representatives of the

subsequent, more modern types, essen-

tially the ancestral stocks of the Bush-

man. Hottentot, and Negro as physical

entities. Many of the skeletal remains

display blending of these racial types,

now the one accentuated, then another,

thereby indicating that about 30.000

or fewer years ago these three racial

groups may have been separating

from a stock common to all. There-

after, by drifting apart into differ-

ent environments, they developed the

physical and cultural characteristics

that, in the extreme, are widely sep-

arated. Recent serological studies of

these three living races indicate the

remarkable similarity between the

Hottentot and Bushman gene frequen-

cies and those of the characteristic

genes of the Negroids.

It requires a monograph, not an

article, to do justice to the phenom-

enal wealth of evolutionary material

already removed from Africa's soil, i

An outline of the biological trend in
j

one of the indigenous populations-

the Bushmen—was given in Natural
History. February, 1961. by Profes-

sor Tobias. Untouched in the present

article is the evolution of their cul-

tures—the stone artifacts, paintings,

engravings, or pottery. A glimpse of

the tremendous source material avail-

able can be given merely by stating

that in 1941 more than 2,000 sites

displaying cave art or rock engravings

had been recorded in South Africa,

and since then hundreds of new sites

have been noted. Yet despite this mass

of information we know very little of

the painters of the various styles, of

the correlation between cultures in the

floors of the caves and the art on their

walls, of the composition of the paint

itself, and how it has endured untold

centuries on rough, rocky walls.

WHAT were the racial affinities

between the groups of skeletons

recovered in South, East, and North

Africa, say, 25 to 50 thousand years

ago? When were the crucial periods

of contact between Africa, the Middle

East, and beyond? In which directions

were migrations taking place at cer-

tain periods? Who manufactured the

beautiful giant hand axes and other

stone implements found at Olorges-

ailie in East Africa and at Stellen-

bosch in South Africa? These and a

dozen more questions face the paleo-

anthropologist and archeologist of

the present and of the future. Africa's

rich biological heritage is a challenge

to the scientist, and despite all the

discoveries already made, it is, rela-

tively speaking, virgin territory for

future explorers in both the biological

and the earth sciences.

Great discoveries have uncovered

the emergence of man in Africa. The

synthesis of the knowledge available

and the solution to the many mysteries

surrounding our ancestral forms await

us. It is by no means an idle cliche

to repeat the ancient Greek saying,

attributed to Aristotle, that Africa

is always producing some novelty.

Evolution process that led to Homo
sapiens took place during 70 million

years. Some living and extinct forms

in evolution of primates are at right.
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LoNf; CELLS, magnified J 00.000 times,
are ISocardia calcart'a, bacteria that

grow in the soil and are not harmful.



World Within

AWorld
Bacteria are scrutinized at high power

By Audrey M. Glauert

BACTERIA are both the enemy and

the friend of man. and as such

they have been of absorbing interest

since they were first discovered almost

300 years ago. The largest bacteria

are less than one-thousandth of an

inch long, so their discovery awaited

the invention of the microscope. In

1676 the Dutch microscopist Antony

van Leeuwenhoek examined a drop of

water in which he had placed whole

peppers and saw "little animals which

. . . were incredibly small: nay. so

small, in my sight, that I judged that

even if 100 of these very wee animals

lay stretched out one against another,

they could not reach to the length of a

grain of coarse sand; and if this be

true, then ten hundred thousand of

these living creatures could scarce

equal the bulk of a coarse sand-grain."

Van Leeuwenhoek was also amazed

by their large numbers. ".
. . the whole

water seemed to be alive with these

multifarious animalcules. This was for

me, among all the marvels that I have

discovered in nature, the most mar-

velous of all; and I must say, for my
part, that no more pleasant sight has

ever yet come before my eye than these

many thousands of living creatures,

seen all alive in a little drop of water,

moving among one another, each sev-

eral creature having its own proper

motion: and even if I said that there

were a hundred thousand animalcules

in one small drop of water which I took

from the surface, I should not err."

Great advances in the study of the

"small animals" were made by Louis

Pasteur. He devised methods for grow-

ing the microorganisms on artificial

media, and was able to encourage some
of the bacteria to grow at the expense

of others by varying the chemical con-

stituents of the medium. In this way
he obtained "pure" cultures and could

study the properties of each different

bacterium more closelv. More re-

cently, the invention of the phase-

contrast microscope has made it pos-

sible to watch living bacteria as they

grow and divide, and today we can
begin to write their life-histories.

Bacteria are found everywhere; in

the ground, where they play an essen-

tial part in the decay of humus and
the consequent enrichment of the soil

as food for plants; in the intestines

of animals, where they usually do no
harm; in water and in the air. Only
a few of the many hundreds of differ-

ent bacteria are harmful and cause

diseases in plants or animals; the ma-
jority are beneficial and essential in

agriculture, brewing, and the manu-
facture of medicines. In spite of their

varied behavior, bacteria all look very

much alike and can be classified into

a few basic types.

THE simplest are the spherical bac-

teria, or cocci, which usually have
diameters of about two ten-thou-

sandths of an inch. They multiply by
growing in size and splitting at their

equators into two equal parts. These
two parts, or daughter cells, separate

from each other, and each grows until

it is the same size as the original

bacterium. This process of division

continues indefinitely so long as suf-

ficient food is available, allowing

the formation of large groups, or col-

onies. Sometimes, the cocci do not

separate completely during division,

and rafts of cells are then seen. Some
of the streptococci, staphylococci, and

pneumococci are pathogenic to man.

The rod-shaped bacteria, or bacilli,

also have a simple life-history. A
single rod elongates and divides in

two. These, in turn, grow and divide,

so that eventuallv a colony of many

.^
Author mounts a specimen that will be

studied under the electron microscope.

rods is formed, with each rod similar

to all the others. A slightly more com-

plex method of division is found

among the mycobacteria, such as the

tubercle bacillus, which sometimes

grow into long filaments. These divide

simultaneously at a number of places,

forming a row of rod-shaped bacteria.

The mycobacteria can also grow by

putting out side branches called myce-

lia, which remain attached to the main

stem for some time.

The most complex life-histories are

found among the actinomycetes. These

never grow as simple rods, and always

form a permanent mycelium. The life

cycle of an actinomycete. such as a

streptomycete. starts with a single

spherical spore. If placed on a plate

of new medium, the spore germinates

and two more thin germ tubes emerge.

These elongate and widen, while at the

same time buds appear and grow out

to form side branches. This growing

and branching continues until a large

system of interconnected hyphae

—

threadlike filaments—is formed and is

visible to the naked eye. When the

food supply begins to run out. some of

the hyphae grow upward into the air

and form an aerial mycelium. Even-

tually the hyphae subdivide into rows

of rod-shaped units that look rather

like a string of sausages. The units
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Agents of fermentation are Lactobacilli, which grow in

milk and help to turn it sour. Magnification is 40,000 times.

Thick extra layer of secreted mucous material around the

cell wall of this Corynebacterium fascians is known as a

Ron-sii M'Hi ji \ iKiin iliul ( a list; the

lilack arm il >ei -( in rollon ilanis are

Xantlionuiniis nuilviKciiruiii, and can
he seen liere nui^nified 200,000 times.

separate from one another, each be-

coming a spherical spore. If a spore is

transferred to a new plate of fresh

medium the whole life cycle begins

again. The actinomycetes are the chief

producers of antibiotics, such as strep-

tomycin, aureomycin, and terramy-

cin—substances that kill other bacteria

and can therefore combat diseases

caused by bacterial infections.

THE history of the study of bacte-

ria is a striking illustration of the

way in which scientific advances are

sometimes dependent upon the inven-

tion of instruments. The light micro-

scope, in the hands of Antony van

Leeuwenhoek, revealed the world of

microorganisms and made it possible

to observe the behavior of bacteria;

today the electron microscope shows

a world within that world, permitting

examination of finer details.

When bacteria were first observed

in the electron microscope, which is

much more powerful than its prede-

cessors, the results were somewhat dis-

appointing, as a beam of electrons can

penetrate through only a small thick-

ness of any material. If the object is

too thick the electrons are scattered

and absorbed and nothing is seen. To
get a clear picture, a specimen should

not be more than 500 Angstrom units

(about two-millionths of an inch)

thick. One way to study an object even
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i;i[iMile. Layer may be most toxic part of a bacterium and
may damage and ultimately destroy surrounding host cells.

as large as a tiny bacterium is to cut

it into very thin sections. Examination

of a row of adjacent, or serial, sections

made through the same bacterium al-

lows the deduction of a three-dimen-

sional picture of the structure.

Each bacterium is an independent

organism and carries within it full

potentialities for its reproduction,

growth, and protection. Its main ar-

mor is its rigid cell wall, which helps

the organism to withstand pressures

and maintain its shape. Some bacteria

have an extra layer of material, known
as the capsule, outside the cell wall.

This consists of secreted, pliable, mu-

cous material that adheres to the wall

as the bacterium moves about and

grows. Sometimes the capsule is the

most toxic part of the organism and

does the most damage to host cells that

engulf it. For example, pneumonia is

caused only by those particular pneu-

mococci that have capsules.

The cell walls of bacteria are com-

posed of different materials from those

comprising the rest of the cell. The
materials are packed together to form

a rigid structure that determines the

bacterium's shape. Cell walls of some
bacteria can be removed with an en-

zyme called lysozyme. leaving a naked

protoplast that has no rigidity and

that quickly assumes a spherical shape,

even though the original bacterium

may have been rod-shaped.

Nuclear regions of colon bacilli are

seen as light areas in dense cytoplasm.

Dark backcroind stain shows

in the cell wall fragment of a

pattern

coccus.
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Spherical bacterium division, as seen

in sequence, begins with resting cell

26

top; nuclear material then separates,

center; two cocci are formed, bottom.

Since 1950, Dr. Glauert has been
studying the structure of bacteria
at Strangeways Research Laboratory,
Cambridge. England, as head of the

Department of Electron Microscopy.

Little is yet known about the finer

structures of the cell walls. Electron

microscope pictures of bacteria sec-

tions show that the wall has a number
of different layers, but the inaterial

components and the manner in which

they confer rigidity is not yet exactly

known. More of the wall structure can

be seen in a surface view than in a thin

section, so the wall is separated from

the rest of the bacterium for micro-

scopic examination.

ONE technique, known as "negative

staining." was developed by Mr.

R.W. Home and Dr. S. Brenner of

Cambridge. England, and has been

used for the study of large cocci. With

this method, the bacteria are first dis-

rupted mechanically by high-fre-

quency sound waves, and the frag-

ments of the walls are mixed with

a solution of phosphotungstic acid

fPTA). A drop of this mixture is al-

lowed to dry, and when it is examined

in the electron microscope the pieces

of wall are seen lying in a dense pool

of PTA. Any structure that is present

on the surface of the wall is shown up

in relief against a dark background.

This technique has revealed that the

walls of some of the large cocci have

exceedingly complex patterns with

hexagonal symmetry.

Under the cell wall lie the nucleus

and cytoplasm. As in all living organ-

isms, the nuclear region of a bacter-

ium contains the genetic material that

determines the cell's behavior and

future development. In more compli-

cated cells this hereditary material is

contained in organized chromosomes,

but in bacteria it appears in a simpler

form as a mass of fine fibrils within a

light area in the cell's center. These

fibrils are no tnore than 50 Angstrom

units in diaineter. and consist mainly

of deoxyribonucleic acid ( DNA I , a

substance found in the chromosomes

of all cells ( Natural History, Decem-

ber. 1960 I . DNA carries the genetic

information of the bacterium; it has

been shown that DNA extracted from

one bacterium and introduced into an-

other can alter the manner of growth

of the recipient cell. When a bacterium

divides, the fibrillar nuclear material

also divides, and part of it goes into



each daughter cell. During division,

the individual fiiiriis are sometimes

seen ]\ ing parallel to one another in an

organized pattern, and it is presumed

that some are moving to one daughter

cell and some to the other.

The nuclear material is surrounded

by dense cvtoplasm that ct)nsists

mainly of ribonucleoprotein in the

form of numerous, very small gran-

ules, which are often so tightly packed

that the individual units cannot be

seen. The cytoplasm is bounded by a

thin, cytoplasmic membrane that lies

just inside the cell wall. In some bac-

teria the cytoplasm contains membra-

nous bodies that are often connected

with the membrane. It is presumed

that the)' arise as membranous pro-

liferations, although they may later

become detached and lie freely in the

cvtoplasm. Larger granules of various

kinds are also seen in the cytoplasm,

and are usually storage sites for

substances such as fats and carbohy-

drates. A striking feature of the cyto-

plasm of the mycobacteria, corynebac-

teria. and streptomycetes are the volu-

tin granules, which at some stages

of their growth are so dense that they

appear completely black in the elec-

tron microscope pictures.

Many bacteria move about if they

are put into a liquid, some of them

fairly rapidly and in a definite man-

ner—"each having its own proper mo-

tion," as van Leeuwenhoek observed.

The electron microscope reveals that

long, wavy filaments, or flagella. are

attached to them, and if they are taken

off. the bacteria can no longer move

in an organized manner.

IT
is still not known exactly how the

flagella help the bacteria move, but

it is certain they act as a kind of rud-

der, if nothing else. The flagella are

very thin, with diameters of about 1.50

Angstrom units, and are attached to

the main body of the cytoplasm rather

than to the cell wall. In some bacteria

the flagella are apparently fastened

to a special structure known as a

basal granule. Each bacterium may
have one flagellum or many, which

may be attached at one end only, at

both ends, or over the entire surface.

Some bacteria grow as parasites

within the cells of other organisms,

and those known as "pathogenic" de-

stroy their hosts in the process. There

are only a few known examples of

genuine symbiosis, in which bacteria

and host appear to live together with-

CoLONY OF BACILLI is formed with the

repeated elongation and division of the

rod-shaped bacteria. Dark spots in the

cytoplasm are dense volutin granule-.

Three germinating, unsectioned spores

of Streptoniyces coelicolor are seen in

silhouette when photographed directly

with a magnification of 20.000 times.

Thin section from a similar spore at

50,000 magnification shows detail of

interior not seen in whole bacterium,

which the electrons cannot penetrate.
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Bacteriophage, the virus that destroys

bacteria, is seen with the characteristic

large head, which carries DNA, and
the thin tail, at 560,000 magnification.

out harming each other. Bacteria

themselves are susceptible to infectiun.

and are attacked by a special kind (if

virus, a bacteriophage. These have a

characteristic "tadpole" shape, with

a large head and a thin tail. The head

contains infectious DNA, which is dif-

ferent from the bacterial DNA, and

is able to take over control of the bac-

terial ceil, ultimately destroying it.

The bacteriophage attaches itself by

the end of its tail to the outside of the

bacterium's cell wall and then injects

DNA from its head down through the

tail, which is hollow, and into the

bacterial cell. When the DNA enters

the bacterium, it disrupts the cell's

normal working and causes it to co-

operate in the manufacture of many
more bacteriophages. If thin sections

are studied at this stage, the viruses

can be seen inside the bacterium.

Eventually the bacterial cell wall

breaks and thousands of new bacterio-

phages are released. These spread

further infection, which can soon de-

stroy a whole colony of bacteria.

As we have seen, the electron mi-

croscope has already revealed a

wealth of intricate structures within

the bacterial cell, but there is still

much to be answered. What are the

functions of the various structures?

Which are concerned with the manu-
facture of antibiotics? How are the

complex cell walls made and enlarged

during growth? Many of these ques-

tions can only be answered through a

co-operation of biochemists, bacteriol-

ogists, and electron microscopists, and

through theircollaborationsnewknowl-

edge of "small animals" will emerge.

Infected bacterium is disintegrating under an attack by
(lacteriophiifies. whose head.s appear as black dots in cell.
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Long flagella attached to surface of motile Acetobacter

are outlined, riftht, by a dark stain of phosphotiingstate.





Kwawlilhal Carvings
From Skidegate

AN UNTRADITIONAL HAIDA ART
By Frederick J. Dockstader Photographs by Lee Boltin

ALTHOUGH they are relatively fa-

hiniliar to most museum visitors,

little is actually known—and much less

written—concerning the black stone

carvings of the Indians of Queen Char-

lotte Islands, British Columbia.

These delightful statuettes and fig-

urines, usually called "slate carvings,"

are actually made of argillite, a carbo-

naceous shale that is relatively soft when
first quarried, and which hardens when
exposed to the air. Known to the In-

dians as kwawhlhal, the stone is found

only in one limited area at the base of

Slatechuck Mountain on Graham

Island, about eight miles from Skide-

gate. By government fiat, only the in-

habitants of this region are permitted

to quarry and work the deposit.

The art belongs to men of the Haida
tribe, now some 1,250 Indians living on

the Queen Charlotte Islands and the

neighboring Alaskan mainland. They
speak a language distantly related to the

Tlingit of British Columbia; their art

work is also similar to that of the Tlingit,

and these two peoples are regarded as

among the finest Indian sculptors of the

Northwest Coast region.

Argillite is found in varying shades
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Combination of scrimshaw and a more
indigenous work is seen in this early

carving of a paddle-wheel steamboat.

Detail of twenty-inch-tall totem pole

shows monumental quality Haida
achieved in this relatixelv small art form.

\

of gray and black when mined; some

brown shale is also occasionally seen.

The stone is quarried and taken to the

sculptor's home; there it slowly dries,

and the car\'ing is undertaken w ith iron

or steel tools. After the finished cutting

is done, the object is rubbed down and

polished with a cloth filled with a mix-

ture of petrolatum and graphite. This

technique effectively brings out the

beautiful, jet-black sheen of the surface.

This is not a traditional native art;

it developed out of the early years of

Indian-White contacts. Sailors brought

examples of their carving, called scrim-



Sea dog, with the body of a bird, was found
at Sicidegate in about 1895. Originally,

it was intended to be used as the finial of a staff.

Charm, showing whale heads, was drilled for

suspension from a shaman's costume. Staff finial of
eagle, below, was most probably made after 1890.

Dr. Dockstader, the author of Indian Art in America,

recently published by the New York Graphic Society,

is also Director of the Museum of the American Indian.

shaw, into port with them; Haida men who went to

sea with the whaling vessels learned the techniques of

scrimshaw carving, and began to make various objects

in wood. As the demand increased, some Haida art-

ists turned to their native stone, and an industry came
into being. We do not know when the argillite art

actually began; the earliest dated pieces known were

collected about 1820. If the argillite pipe collected

by William Clark (page 35) was acquired during his

trip with Meriwether Lewis, the date would be pushed

back to 1804-1806; it may be, however, that it was
collected later during his service as Superintendent of

Indian Affairs, about 1820.

The small, shiny vbjets d'art quickly caught on,

and by 1850 they weire known throughout the world.

Journals left us by travelers of the period attest to the

large numbers of "black slate carvings" offered for

sale. The "Golden Age" of this art was between

1840-1880. By 1880, attention turned to quantity,

and quality began to suffer; technical skill began to

run away with the carvers, and about the same time

miniature totem poles became particularly popular

and were made literally by the hundreds.

SUPPLEMENTAL Ornamentation was achieved by

means of ivory, bone, or abalone shell inlays;

sometimes (as in the cover illustration) the finished

carving was further enhanced by rubbing pigment into

the lines, not only to emphasize the carving, but also

to relieve the monochrome black of the object.

It should be pointed out that this was an imprac-

tical art form, in a sense. The objects were created

solely for visual pleasure. The pipes were not smoked;
the dishes were not used; the boxes were not practical

containers. They were strictly commercial products,

made to be sold as decorations.

The great variety of forms created by these artists

is well demonstrated by the specimens selected and
photographed by Lee Boltin. In this respect, they

duplicate the "traditional art" of the Haida, for most
of the design motifs carved following the introduction

of argillite work can be found in their other art forms.

In the elaborately interwoven miniature totem pole

designs, which are the most familiar, the remarkable
ability of the Indian artist to reduce proportions can
be seen. Although faithful to the full-size prototype,

the detail on page 3 1 illustrates the monumental char-

acter that is communicated by the miniature.

In most studies of aboriginal art expressions, the

names of individual masters are lost to us. These
Haida pieces present one of the very few examples
in which a considerable degree of information is avail-

Dramatic rendition of legendary Bear Mother
who wed a grizzly is particularly interesting by
virtue of the Russian-style cap and cloak.





Typical of Haida work is miniature totem pole,

collected in 1885. On top of the bird at the pole's base

is the usual motif of interwoven animals.

Slightly earlier totem pole shows bear,

at bottom, seated on frog helmet. Woman wearing a

labret is surmounted by mythical sea monster.
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Pipe, above, shows man seated in whale canoe
holding a seal he has captured. Face is made
of bone, and eyes are made of inlaid abalone shell.

William Clark, the explorer, gave this pipe

to artist George Catlin before 1832. His painting

of piece aids in checking the art's chronology.



Odd "Noah's Ark," above, includes man in canoe

with various animals common to the area

—

a subject frequently used by the Haida artists.

Detail of similar canoe by same artist

shows exaggeration he has given to certain parts

of the body in order to establish emphasis.

mu



able about the artists themselves. The primary student

of urgillitc carving. Dr. Marius Barbcau, has recorded

the life careers of many of the most active sculptors.

Since the life span of many of these men covered

almost the entire period of argillitc work, we have a

fairly good record at hand. Familiar names associated

with the art are Charles Edensaw, William Dixon,
Charlie Gladstone. Isaac Chapman, and others.

TRIBAL legends, history, and events are recorded

in these little statuettes; some are visual rec-

ords of actual happenings; others are traditional ac-

counts that the carver enjoyed relating. The derived

origins of the art, together with its perpetuation by

outside promotion and inspiration, is quite parallel to

the work of the Hudson Bay and Baffin Island Eskimo
steatite carvers (Natural History, February. 1960).

Here again, outside influence accounted for the "in-

vention" of the art form, and for many of its designs;

from there, the indigene took over and developed

designs in his own fashion.

Standing figure with ivory inlay shows shaman
wearing painted kilt, nose ornament, hone necklace,

and holding his rattle and other accessories.

Zl



On one side of ear ornaments is an animal

spread out in flat design: on the reverse side is seen

a hawk design. These were made before 1850.

Few large collections of argillite carvings exist to-

day. The stone breaks easily, and it is not unusual

to find a fine specimen from which parts of the origi-

nal design are missing; vulnerable protuberances, such

as heads, hands, birds" beaks, and so on, snap off and

are lost. Furthermore, in former years, the commer-

cial background of the art gave rise to a false snobbism.

and many collectors and curators had little interest

in it. Oiily recently has recognition been extended

to this phase of Haida work, putting it in its proper

perspective as a minor art expression that reflects

many of the finest technical skills of the Northwest

Coast artist. If further proof of recognition is needed,

it is ironic to note that imitation, that sincerest form

of flattery, has also begun to appear in the manufac-

ture by non-Indians of cast replicas, which are often

passed off as '"the real thing."

While many argillite carvings admittedly include

some of the less happy aspects of derivation, com-
mercialism, and pressure production, these small cre-

ations still have an exciting quality all of their own.
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Shallow dish with bone inlay reveals some relationships

to Russian and European prototypes, and to

nineteenth-century cabinetmakers" chip-carving.
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Particularly fine carving shows Haida family.

Woman at left wears labret: her husband

sits in front of a carved box: their child is at right.

39



Wonde/iid to om . . . miiji/i^ to gim

EQUATORIAL REFRACTOR 167X, 79-mm

This magnificent 3" refractor brings in lltti-magnitude stars, some
10,000 moon craters and even lunar rilles. Air-spaced lens elements

ensure maximum resolving power. 1,000-mm. focal lengtti gives 25X,

11 IX, and 167X, with the 3 eyepieces provided. Barlow lens doubles

magnification under ideal viewing conditions. Sun filter permits observa-

tion of sunspots. Erecting prism converts scope for terrestrial use.

Massive equatorial mount fully counter-balanced, has slow-motion

controls. Complete with rigid tripod and storage cabinet. Free moon
map included. $290.00 other models from $37.50

Amateur astronomy opens up a whole

new world to teen-agers (and their

parents, too). Once you've felt the

thrill of seeing Saturn's rings, countless

moon craters and other lunar features,

you get the urge to probe deeper and

your fun becomes an absorbing hobby.

AUDUBON MK II 8.5X, 44-mm.
Extra power matched by extra brilliance (relative

light efficiency 44) and extra wide field (420 ft.).

Close focus (to 12 ft.) challenges your stalking ability,

brings feeding and other wildlife activities to the

equivalent of as little as 18" away. This magnificent

instrument was specifically designed to specifications

of a group of Internationally known ornithologists.

$125.00 plus tax

OXFORD A complete
weather station in one hand-

some, dove-gray or beige case.
4" barometer has fully tem-

perature-compensated English

movement. Coil thermometer
and coil hygrometer give ac-

curate readings. Lithographed

dials. Heavy y,s" crystal.

$10.00 gift boxed.

DELUXE

INDOOR-

OUTDOOR
THERMOMETER

A pair of extremely accurate

thermometers is mounted on

a massive block of solid, hand-

rubbed Honduras mahogany
encased in gleaming gold-

finished metal. 4-ft. armored

capillary tube with extremely

accurate outdoor sensing cap-

sule, included.

$9.95 gift boxed.

See ffiese and other fine Sw'itf instruments at your dealer or write Dept. N-ll

SWIFT INSTRUMENTS, INC.
BOSTON 25, MASSACHUSETTS
SAN JOSE 12, CALIFORNIA



Vision in Frogs
Study of leopard frog's sight sheds light on image formation

By John Pfeiffer

Ai Koc ON A LOG, staring directly ahead through cold,

expressionless, and bulging eyes, appears as silent

and unmoving as a stone. But from a more basic view-

point it is engaged in an activity that is essential for the

survival of any predator. It is waiting—and not impas-

sively. That frog is a self-releasing, living catapult in a

state of tension. Its attention is in sharp and intensive focus.

Nothing in the world exists but the signs of its prey and

its enemies. Its sole purpose as it sits is to eat and to avoid

being eaten, and it is wonderful!) designed to fulfill that

purpose. At the right moment, the frog springs into ac-

tion. Its jump requires about three-tenths of a second from

take-off to target, and represents an impressive display

of precisely timed muscular co-ordination.

Readers of this magazine are familiar with the bio-

mechanics of the jump I "A Bullfrog and Its Prey,'" Natur-

al History, February. 1961 1 . This article is concerned

with the frog's neurophysiology, with the brain that trig-

gers the jump on the basis of information flowing in from

the environment. Recent research, involving painstaking

experiments and the use of highly refined techniques, has

\ ielded fresh insights into the frog's nervous s\ stem.

Furthermore, the new findings have far-reaching impli-

cations. They point the way to a deepening understanding

of all brains, including mans, and have greatly inter-

ested scientists developing more "intelligent'" machines.

The work is under way in the Research Laboratory of

Electronics at the Massachusetts Institute of Technology.

Jerome Lettvin. Humberto Maturana. Warren McCulloch,

and Walter Pitts have devised a new method of recording

signals from single nerve cells and fibers in the brains

of leopard frogs. Rana pipiens. They are concentrating

on a study of visual mechanisms, because frogs receive

most of their information about the outside world through

their eyes. In one type of experiment, niicroelectrodes—

probes consisting of fine wires with tips less than a five-

thousandth of an inch in diameter—are inserted into the

optic nerve, the bundle of fibers that picks up signals from

light-sensitive cells in the retina, or viewing screen of the

eves, and transmits the signals to the brain.
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Straight-edged form on screen elicits no response from
fiber of leopard frog's optic nerve when form is fixed in

fiber's visual field. Lack of deflection in the oscilloscope

line, lejt, means the microelectrode detected no impulse.

THE microelectrodes detect electrical activity from in-

dividual optic nerve fibers as frogs watch various

forms moving on a curved aluminum sheet. The signals

may be observed as spikes of light on the screen of a

cathode-ray oscilloscope, or as specific sounds from a

loud-speaker. The nature of the signals— characteristic

"spike patterns'"— indicates that a microelectrode is actu-

ally recording primarily from a single fiber. Improper

placement tends to give rise to jumbled static, which buries

the signal of any one fiber in a background of similar

signals from many other fibers. In the latter case, the

wire is adjusted until a "clearly tuned" signal appears.

Before presenting results, it should be pointed out that

the experiments are far easier to describe than to carry

out. The vast amount of work required to develop effect-

ive techniques, or the value of the techniques once they

have been developed, is rarely emphasized sufficiently in

discussions of scientific advances. Much current research

depends to a very large extent on supersensitive devices

and instruments that have been refined only after years

of effort. The microelectrode is an excellent example.

In 1936 E. A. Adrian, the English Nobel Prize winner at

Cambridge University, began to record signals from single

nerve fibers. The first microelecti jdes were introduced

about a decade later. Although the devices have been im-

proved since then, only recently have they furnished re-

liable data on a large scale. A major problem to be solved

has been the obtaining of pure, undistorted signals—

a

problem relating to that which confronts astronomers at-

tempting to measure the extremely faint radio signals of

one star among many stars and galaxies, all of which are

emitting competing signals.

The faint message of a nerve cell, too, may be buried

in a cacophony of signals coming from other nerve cells,

from muscle and other tissues, and from the electronic

gear itself, including the amplifiers of the recording equip-

ment. Various theoretical considerations suggested that

one helpful step would be to electroplate to the tip of the

4

Microelectrode, held in chuck of a micromanipulator, is

aimed at tectum (B), visual brain center of frog. Fibers

of optic nerve (Aj are braided and cross over, but in the

ledum they assume relative positions they had in retinas.

42



Pronoim KP REM'0>>E i? re^i^ll'rell \\lieii ,-iuall Mack ^li^k

is nio\ed into the field of a Inig jierceiver fiber. Convexity

microelectrode a tiny ball of fused platinum particles.

Lettvin tried this without much success. Then one day

he forgot to put a resistor into his electroplating circuit.

Without the current-regulating device, a current many times

higher than normal was inadvertently used. The accident

turned the trick. In effect, it created a platinum surface

studded, quill-like, with ultramicroscopic prongs capable

of making delicate contact with nerve fibers.

This is only one among hundreds of problems of tech-

nique and interpretation that had to be solved before the

M.I.T. investigators began achieving fruitful results about

two years ago. A representative experiment might involve

a frog looking directly at a large straight-edged form on

the cuned gray aluminum sheet. The edge of the form is

fixed in position, and a microelectrode in a single fiber

of the frog's optic nerve records no signals. Except for a

low background hum. the loud-speaker is silent. It re-

mains silent even when the form is made to move.

Things start happening with a small circle. Again, as

with the other forms, there are no signals when there is

no motion. But if the circle is moved, the fiber discharges,

or "fires." and there is a "putt-putt" noise on the loud-

speaker. Furthermore, any small form will cause the fiber

to emit signals providing it has a positively curved, or

convex, edge and providing that the edge is moving toward

the center of the field of vision of that fiber. The signifi-

cance of such provisions becomes clear when you con-

sider that, in the world of the frog, small things with

curved front ends are verv likely to be insects. In fact. Lett-

vin and Maturana have called this fiber a "bug perceiver."

Notice also that the fiber reacts only when the small object

is moving. This fits in nicely with the observation that a

frog wiU go after nothina: but movins: targets, and will

and small size of object e\okiiig reaction are significant.

since both are altriiiutes of inserts on which frogs feed.

star\e to death in a cage that is filled with abundant sup-

plies of freshly killed insects.

Further experiments reveal three other specialized fibers

in the frog's optic nerve. The so-called edge detector emits

a muttering sound of 30 to 40 discharges per second that

is heard on the loud-speaker in response to the presence

of a sharp, irregular boundary in the fiber's field of vision,

w hether that boundary is moving or still. ( The contours

of the boundary make no difference. I Another, the "event"

detector, fires in response to moving edges or to changes

in light and dark over the visual field—but only during

the time of occurrence. Finally, there is the dimming de-

tector, which produces discharges when its field of vision

becomes darker, as would happen, for example, if a bird

approached and cast a shadow.

SlCH findings have come as somewhat of a surprise to

many researchers. It has long been known in a general

way that nature tends to be compact and economical. But

even so. the degree of economy demonstrated in the fun-

damental organization of the frog"s optic nerve represents

a brilliant and unsuspected confirmation of this principle.

The nerve is adapted primarily for the perception of form

and motion. It contains about half a million fibers, and

nearly all of them fall into four and only four basic

categories—those described in the preceding paragraphs.

Some few fibers do not go to the same part of the brain

where the great majority end: thev have other functions.

But this is only the beginning of the story. Detailed

anatomical studies of the light-analyzing apparatus in the

frog's retina show that it includes four major, different

tvpes of nerve cells that can be distinguished under the

microscope. The cell types seem to correspond to the four

major fiber types. For example, the bug-perceiver fibers

are wirelike extensions growing out of cells whose fine

branches form characteristic "hedgerow" patterns. Fibers

that detect sharp boundaries come from cells resembling

flat-topped bushes, while the fibers that serve in detect-

ing changes in light-distribution and dimming come from

larger cells, the branches of which are arranged in double

and in single lavers, respectively.

Now let us follow the course of the optic nerve as it

ascends toward higher brain centers. Picture the four

t\pes of cells arranged in the retina so that they form a
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An accomplished science writer, Mr. Pfeiffer is known
to readers of Natural History for his introductions to

the annual reviews of children's books and for his article

"DNA: Master Substance of Life." for which lie received an
AAAS-Westinghouse Science Writing Award in December.

single layer or sheet of tissue. There are 500.000 cells in

all (accounting for the 500,000 fibers that make up the

optic nerve I . and each one of them "maps" a small region

of the retina. In other words, when an image falls on the

retina each cell emits signals representing its own frag-

ment of the image, and the total image is a mosaic of

the entire sequence of subimages along the nerve sheet.

The fibers are scrambled in the optic nerve. They come

together to form one great cable, but are so intertwisted

and braided that each fiber may originate in widely sepa-

rated regions of the retina. However, when the optic nerve

reaches the tectum, which is the frog's visual brain cen-

ter, an extraordinary unscrambling takes place. All the

sharp-boundary fibers—those coming from the flat-topped

cells in the retina—sort themselves out in such a way

that their endings produce a single, thin, matted layer.

Furthermore, the fibers end in the layer in positions cor-

responding to their starting positions in the retina, pro-

ducing a new map in projection.

THE same thing happens with the three other types of

fibers. Thus, the tectum includes four layers of maps,

or systems of plotted positions, one on top of the other in

the following order: edge map, bug-perceiver map, event-

detector map, and dimming map. There is a further feature

that, perhaps more than any other, indicates the incredible

precision in the circuits of the frog's nervous system. The
four maps are superimposed point for point. They are in

registration—a registration as perfect as that of the four

separate impressions that make a four-color print.

Also, the fibers somehow seem to "remember" this ar-

rangement. If the optic nerve is completely severed, the

fibers in the separated part that runs to the tectum degen-

erate and disappear, but the fiber stumps in the retina end

of the cable start growing back toward the tectum.

Within three months they arrive at their places in this

visual center and form four mapped layers again, and,

again, the maps are superimposed in perfect registration.

Similar phenomena had first been observed at other lab-

oratories, but not with the same precision. Explaining

them remains a major challenge. The regenerating fibers

may be guided toward the brain by "directional markers"

in the tissues along the way. Perhaps the markers are rem-

nants of the old fibers that have disappeared but have left

traces analogous to the ruts of an old roadway. As far as

re-forming the maps is concerned, it may be that the tips

of the four types of fibers are labelled with four distinctive

chemical compounds (A, B, C, Dl, and that four related

compounds (A], Bj, Cj, D, I are present in the tectum,

each concentrated at a different level. If so, the fibers

might sort themselves out by a kind of chemical matching

when they reach the tectum. But this remains only theory.

So much for an outline of the remarkable findings re-

ported by the M.I.T. scientists. They present a number of

implications, the most obvious being that the frog"s brain

is organized to an extraordinary degree, and everything

from the functions and arrangements of the nerve cells to

their interconnections proceeds according to detailed plans

embodied in some sort of "blueprints." Recent research

leaves little doubt that the blueprints are genes—giant mole-

cules of deoxyribonucleic acid, or DNA—whose patterned

structures control the synthesis of cell-building enzymes and
other proteins ("DNA: Master Substance of Life,"

Natural History, December, 1960). A basic question

remains: how do genes organize cells into certain patterns?

We have a great deal in common with other species or,

to put it another way, the same basic design principles

were utilized in the evolution of all forms of life. For
example, take the four types of nerve cells in the frog's

optic nerve, the cells specialized to detect particular ele-

ments of form and motion in the environment. As already

pointed out, the cells can be distinguished under the mi-

croscope. They have characteristic shapes and the shapes

mean something, for similarly shaped cells can be found
in the retinas of many higher species.

Do the similar shapes imply similar functions? Ad-
vanced species have a wider variety of detecting nerve cells,

but among them are cells that closely resemble those found
in the frog's visual apparatus. Are these cells specialized

in all animal forms to respond to sharp boundaries and
curved edges and dimming light and so on? There should

be common features, because many species evolved in

a world where prey was tracked and caught in a sudden
pounce, and where enemies sprang suddenly from behind

a bush or on wings from above. Of course, there is much
more to life than hunting and being hunted. New problems
and new methods of social co-operation have arisen with

the coming of newer and higher species. The nervous sys-

tem has evolved together with such developments, and
species more advanced than the frog have types of cells

that are not found in the frog.

While similarly shaped cells may imply similar func-

tions, similar functions, in turn, may imply similar condi-

tions in the struggle for survival. From this standpoint, the

four distinctively shaped nerve cells in the frog's retina

can be regarded as pictographs—symbols to be interpreted

on the basis of many species. "Anatomy can be a kind of

translating process," according to Lettvin and Maturana.
"In the frog's retina we have four functions represented

by four ideograms of a sort. Our problem is something
like that of understanding an ancient language, of learning

to read Linear B from clay tablets found in Crete. It is

essentially a matter of anatomical deciphering."

There are interesting insights, too, at the philosophical

level. Frogs cannot see all of the real world around them
in the same way we do. In a basic sense they do not need
to see all of the real world, most of which is utterly ir-

relevant to their way of life. This restriction is genetically

built-in, as it is in all animals. As we have seen, the very

structure of their eyes excludes much of what we think

is the real world. The frog's eye is not merely a passive

organ that takes in all visual information, come what

may, and passes it on to the brain for analysis. Its eye

is a selective device that excludes a great deal of what is

happening in front of it.

For example, frogs do not see the six legs of an insect,

or its delicate coloring, or the shape of its wings. They

see objects with curved front ends that move in certain

ways, stop, and move again; they see abstractions of real-

ity. While frogs do not actually see whole insects, they

do detect "insectness," the quality of insects in general—

a universal insect, as it were. Their world is thus limited,
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Drawings by Frank Haines

Mosaic image of insect in retina is

sent to tectum, right, by four types

of optic nerve fibers. Each kind then

forms map of retinal image at a given

tectal stratum. Maps are superimposed
in (he tectum in perfect registration.

but it is all the frog requires, and it is sufficient to maintain

the species. Frogs have lived and flourished in the world

for about two hundred million years.

IT
may be assumed that in more sophisticated organisms

in the higher realms of the animal kingdom there is

a comparable economy of endowment. More specifically,

there is every reason to believe that the perceived worlds

of all mammals, including primates and man. are limited

to some extent, although not as limited as is the frog's

world. Research currently under way at the Harvard Med-

ical School, for example, reveals that the eyes of certain

monkeys also contain nerve cells specialized to respond to

selected stimuli in the outside world and to ignore other

stimuli. The extent to which human visual systems exclude

parts of the world remains to be determined, but like the

frog, we see only what our eyes are built to see. Further-

more, it is highly possible that the portion that eludes us

may be far larger than is suspected at present.

In any case, microelectrode studies of single nerve cells

in frogs and other animals will bring us far better under-

standing of higher mental processes and of the neuro-

physiological basis of our own ideas and concepts. Out of

all the small moving and crawling things that exist in the

frog's world, out of all the different shapes and markings

and countless details of structure, the frog's brain ex-

tracts onlv those features common to the vast majority of

insects. Evervthing is excluded except what is necessary

to the notion of insectness from the viewpoint of the frog.

This is a marvelously intricate and built-in process of

exclusion and selection. An analogous process permits

us to form more elaborate abstractions. Human visual

centers are capable of scanning such overtly dissimilar

things as the sides of a valley, a split stone, a mother and
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Artificial nerve cell, at right, can respond to moving

objects with convex edges, as do bug perceivers in frog's

retina. Human abilities include abstracting the essentials

from complex variations, such as many shapes "R" may take.

her child, or the sun and moon, and isolating the one

significant quality that all these things have in common
—the quality of twoness. Mathematics is a superstructure

built on ever higher orders of abstraction, and so are all

activities involving the use and recognition of symbols.

THI.NK of all the images a letter of the alphabet can

make on the retina. It may appear as "r" or "R,"

close to us or far away, tilted or upside down, neatly

printed or handwritten, in any color, and in any one of

dozens of type styles, blocked out completely or indicated

by a few suggestive strokes only. There are infinite ver-

sions of this single letter, yet we unconsciously rid any

one of them of its peculiarities and recognize it.

Most of us take this ability for granted. But among the

specialists busily engaged in analyzing the processes of

abstraction are electronics engineers, for the work of

Lettvin, Maturana, and their associates at M.I.T. is of

practical significance. For example. Bell Telephone Lab-

oratories scientists have constructed artificial nerve cells,

or "neuromimes," which may be used either individually

or in combination to do some of the things that nervous

systems do. One such device is about the size of a playing

card and contains five transistors and other electronic

components. Hooked up to six photocells, or "electric

eyes," it emits electrical impulses in response to moving

objects that have positively curved edges, like the bug-

perceiver cells in the frog's retina. The purpose of this

research is to investigate the working of cells in an attempt

to learn more about the human nervous system.

Many other laboratories are now designing complex

circuits made up of similar elements in an effort to build

improved electronic devices that make abstractions and

recognize patterns. Existing large-scale computers can pre-

pare adequate translations from Russian to English, but

the Russian text must first be retyped and converted into

a form for machine analysis (holes in punched cards or

tape, magnetized spots on recording tape). The typing

could be eliminated by equipping the machines with a
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photocell device that reads copy directly from texts. Such

a device would work most effectively if it recognized Rus-

sian letters independent of type style and other variables.

A similar problem is involved in developing machines

to recognize spoken words. Consider a voice typewriter

that would have microphonic ears, take dictation directly

by word of mouth, and print out the words immedi-

ately; or an electronic control for an industrial assembly

line that would respond appropriately to commands like

"Speed up to a hundred units per hour." Such machines

are coming, but not until engineers learn to design elec-

tronic devices that recognize a spoken word independent of

intonation, pitch, accent, and other voice characteristics.

The operation of radar defense networks also presents

major pattern-recognition problems. An approaching

plane may be heading directly into the radar beam or

cutting across it, climbing or diving, veering to right or

left, nearby or at a distance. There are literally thousands

of images that may appear on radar screens, arid all of

them must be identified, swiftly and accurately, as the same

thing. Electronic plane-spotters, like voice typewriters and

many other devices, must automatically make abstractions

that, in a basic sense, resemble those made in the brain,

which is the pattern-recognizer supreme.

So the work of Lettvin, Maturana, and their co-workers

is not an isolated investigation. Instead, single-cell

microelectrode recording is a newly refined technique,

yielding results of broad interest. The results apply not

only to the frog's brain, but perhaps also to brains in

general, and not only to neurophysiology and an under-

standing of higher mental processes, but also to the design

of electronic devices, which represent an increasingly nu-

merous assortment of specialized thinking aids.

There is no better example of the essential unity of

science. An entire complex of new directions in research

and new pragmatic possibilities have resulted from inves-

tigations such as that designed for a fuller understanding

of the nerve mechanisms triggering the jump of a frog.



Edce detector responds to a small black disk in field,

slope when light? go nut. resumes when they go on.

Response to edge of large black square that is moved
into field and slopped continues while edge is in field.

Bic-PEHCEivER fiber fires at three successive passes of Same fiber "ignores" two traverses of a black strip,

a small black disk through field at different speeds. which are recorded by a photocell monitoring the field.

Spik.es mark, emissions of event detectors when black

disk crosses their fields under brilliant illumination.

In dim light, event detectors continue to respond to

moving black disk. Sleep curve is a calibration figure.

DiM.MiNC detectors discharge as their fields darken.

Here, turning off the lights elicits lengthy response.

TiRNiNG LIGHT off and on at regular intervals causes

fibers to discharge and quiesce in correlative pattern.

47



SKY
REPORTER

Modern astronomical methods

aided analysis of Great Galaxy

By SiMONE Daro Gossner

WHEN ASTROlXOMERS TRIED TO UNDERSTAND the Struc-

ture of our own Milky Way Galaxy, they had at first

little more than educated guesses on which to build their

theories. The solution of the problem would have been

even more elusive but for the existence of another galaxy,

which proved to be an almost identical twin of our own.

The Great Galaxy in Andromeda (see photograph, right)

is barely visible to the naked eye, appearing as a small, hazy

patch. It is known variously as the Andromeda Nebula (a

relic from the days when such objects were thought to be

gas clouds I . M 31 (from its number in Messier's catalogue

of nebulae and clusters
)

, NGC 224 ( its number in Dreyer's

New General Catalogue I , or simply Andromeda ( somewhat

of a misnomer, since Andromeda is merely the constellation

in which it is located among many other galaxies )

.

When Galileo turned the first telescope to the sky in 1610,

he discovered that many "nebulous" stars such as Praesepe

and the Pleiades were aggregates of numerous faint ones.

Optimistically, he and his successors assumed that all

nebulae would prove to be star systems, if only they could

be observed with more powerful telescopes. This was not

to be, however, since some of the nebulae are truly gaseous.

As for M 31. another three hundred years elapsed before its

individual stars could be seen.

Before photography had sufficiently improved to be of

service to astronomy, drawing was the only means of re-

cording the appearance of celestial objects. The results de-

pended, understandably, on the observer s artistic skill as

well as on the power of his telescope. Even in the drawings

of William Herschel, who had built the largest telescope of

the eighteenth century, the Andromeda Nebula looked like

an elongated blob without structure. Its spiral arms were

seen—and drawn—for the first time ca. 1850 by William
Parsons, third Earl of Rosse. With his huge ( 72-inch) re-

flector, known as the "Leviathan of Parsonstown," Lord
Rosse detected the spiral structure of no less than 14
galaxies. He even convinced himself that he could see some
of their individual stars, but in all cases these turned out to

be foreground stars from our own Milky Way.
The spiral arms of Andromeda were at last resolved into

stars shortly after the 100-inch reflector was placed in

operation at the Mt. Wilson Observatory (1917). By the

end of 1924, Edwin Hubble wrote that "under good ob-

serving conditions" the outer regions of the spiral were
"resolved into dense swarms of images in no way differing

from those of ordinary stars." In the same historic ])aper,

Hubble gave conclusive proof that the nebula was an island
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universe in its own right, outside the Milky Way's system.

The dense central part of M 31, called its nucleus, re-

mained somewhat of a mystery for the next two decades.

The nucleus in itself was no rarity: most galaxies have one.

However, although it seemed reasonable to suppose that it

consisted of a high concentration of stars, all attempts to

verify this assumption had met with failure. In 1943, at

last, M 31's nucleus yielded to the perseverance of astron-

omer Walter Baade, the efficiency of the 100-inch mirror,

and the superior observing conditions resulting from the

World War II blackout of Los Angeles. A photograph on

red-sensitive emulsion revealed countless faint stars.

That these stars are recorded only on photographic

emulsions sensitive to red light indicates that the stars are

very red. Baade noted their great similarity with the stars

in globular clusters, and the contrast they offered with

those in the spiral arms. In particular, he pointed out that

the very hot, blue supergiants, which occur in abundance
in the dust and gas of spiral arms, are totally absent from
the nucleus and globular clusters. In other words, the

Andromeda Galaxy contains two distinct stellar popula-



lions: the blue supergiants and other kinds found in the

I

arms, which he called Population I, and the faint red stars

of the nucleus and globular clusters, which he called Popu-

lation II. Baades discovery proved to be valid also for the

Milky Wav and other galaxies. His basic classification un-

derwent many refinements in the last decade. It soon

became apparent that Population II stars are much older

than the stars of Population I ; as a result, the concept of

stellar populations has become the foundation of modern
theories concerning stellar evolution.

THE similarity between the Andromeda Galaxy and the

Milky Way is not limited to their stellar populations.

Their dimensions are approximately the same, with di-

ameters of the order of 80- to 100-thousand light-years (500

to 600 million billion miles I . They contain the same types

of sky objects: cepheid variables, gaseous nebulae, novae,

globular clusters, and dust clouds. The spiral structure is

moderately well developed in both. Observations at radio

wave lengths have revealed that their interstellar hydrogen

is distributed in essentially the same way.

Great Galaxy in Andromeda strongly resembles Milky Way.

As a final touch, M 31 boasts of two companions, just as

the Milky Way has its Magellanic Clouds. They are NGC
205 and NGC 221, distinctly visible in the picture, above, as

two hazy ovals. NGC 205 is the larger of the two, and far-

ther away from M 31. Both are dwarf elliptical galaxies,

composed of very faint red stars like those in Andromeda's
nucleus. They were resolved into stars by Baade in 1943.

The Great Galaxy and its companions belong to the

cluster of galaxies—called the Local Group—of which the

Milky Way is also a member. In other words. the\ are our

fairly close neighbors in space. In spite of this, the determi-

nation of their distance has proved a thorny problem. First

estimated by Hubble at one million light-years, the distance

was later revised downward to 750.000 light-vears. Ten
years ago, however, it was discovered that the entire dis-

tance scale of the universe, as used in current studies, was
in error bv at least a factor of two. Since then, astronomers

have become cautious in quoting distances. Estimates of

M 31's distance from us range from Po to 2i-j million

light-years, with two million light-years (approximately

12 billion billion miles) the most generally accepted figure.
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THE SKY EV NOVEMBER
From the Almanac:

First Quarter

Full Moon
Last Quarter

New Moon

November 5. 2:15 A.M., EST
November 11, 5:04 p.m., EST
November 18, 9:10 p.m., EST
November 27, 1:30 a.m., EST

For the visual observer:

Mercury (— 0.8 magnitude ) will appear in the morning
sky until November 25. On that date it will be in superior

conjunction and will enter the evening sky. The planet will

rise an hour and fifteen minutes before sunrise on Novem-
ber 1, thirty minutes before sunrise on November 15, and
at sunrise on November 30. Because of its proximity to the

sun at time of conjunction, it will be observable only

during the first few days of the month.

Venus I — 3.4 average magnitude for month I will be in

the evening sky until November 12. At inferior conjunction

on that date, it will then enter the morning sky. It will set

fifteen minutes after sunset November 1, but will be too

close to the sun to see during the first two weeks of the

month. It will rise thirty minutes before sunrise November
15. and two hours before on November 30. By month's
end it should be found easily in the southeast at sunrise.

Mars will be visible for most of the night throughout
the month. It will rise in the east at 11 :00 P.M., local time,

on November 1, 10:30 p.m. on November 15, 10:00 P.M.

on November 30. and will be nearly overhead at sunrise. As
in previous months, it will continue to brighten (from
+0.7 to -(-0.3 magnitude) as it comes closer to earth.

Jupiter, in Aquarius (—2.1 magnitude), will set on the

southwestern horizon at 1:00 A.M., local time, on Novem-
ber 1. at midnight on November 15. and at 11:00 P.M. on
November 30. The planet may be found low in the south-

east at sunset, passing across the meridian in early evening.

Saturn, in Capricornus (-{-0.9 magnitude I , will be in

the southern sky at sunset. It will set in the southwest at

10:30 P.M., local time, on November 1, at 9:45 P.M. on
November 15, and at 9:00 p.m. on November 30.

Two meteor showers will occur in November. The
Taurids will reach their maximum of approximately 15 per
hour on November 5. This shower extends over a period of

several weeks before and after maximum frequency. The
Leonids, November 16, will not be too favorable this year,

because the moon will be gibbous on that date. Normally,
this shower also has a maximum of 15 meteors per hour,
but it must be expected that moonlight will prevent the
observer from seeing all but the brightest ones.

Astronomical Units of Distance

Just as it would be impractical to measure the distance
from New York to Los Angeles in inches, expressing astro-

nomical distances in miles is too unwieldy for scientific use.
Astronomers have chosen large units that enable them to
express enormous numbers with relatively few figures.

Within the solar system, their unit of measurement is the
earth-sun distance, or astronomical unit (1 astronomical
unit is about 93 million miles). In the universe, the most
frequently used unit of distance is the lig/it-year, which is

the distance light will travel in the course of a one-year
period f 1 light-year equals approximately 6 trillion miles)

.

On the preceding pages. Mrs. Gossnek offers, tlie ninth
ni her ]962 series-a survey of the celestial sphere.

SO
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MAGNITUDE SCALE
^^ —0.1 and brighter

0.0 to +0.9

ir +1.0 to +1.9

+2.0 to +2.9

+ +3.0 to +3.9

• +4.0 and fainter

^^-^.J" :

TIMETABLE
iber 1 10:00 p.

iber15 9:00 p.

iber 30 8:00 p.m.
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Low-crowing Brachycereus nesioticus

has thick spines that prevent reptiles

from eating the succulent stem parts.

Giant prickly pear, Opuntia echios, and
columnar Jasniinocereus howellii grow
in cactus forest on Santa Cruz Island.

The Giants

of Galapagos
On these isolated islands, reptiles

and plants have evolved concurrently

By E. Yale Dawson
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OF ALL THE FAMILIES of plants

peculiar to the New World, the

Cactaceae is perhaps the most conspic-

uously distinctive. This is not onlv

because of the extraordinary diversity

of form, spination, succulence, and

floral characters, but also because of

the remarkable ranjie of habitats.

Members of the family are found from

tropica! wet forests or arid thorn

thickets at sea level to ^reat mountain

heights, and from the hottest deserts

to blizzard-swe])t northern prairies.

Thus, one finds cacti in all of the Latin

American countries, throughout the

United States, and far north into Can-

ada. The cacti have occupied most of

the islands of the Caribbean Sea. but

with the exception of a solitarv and

somewhat questionable epiph\te in

Africa, they did not cross the Atlan-

tic Ocean until European ships first

transported them into the Mediter-

ranean. Nor did they migrate far into

the Pacific. But by the same vagaries

of wind or current that brought many
of the other remarkable inhabitants to

the Galapagos fslands, the plants ar-

rived there and underwent a striking

development in their most western

outpost in the Southern Hemisphere.

The cacti of coastal Ecuador and

Peru today include a number of di-

verse types, from shrubby opuntias

and solitary melocacti, to columnar or

candelabra forms of Armatocereus

and Neorairnondia. One finds these

several forms in the arid, rocky hills,

in thorn thickets, and down to the edge

of mangrove swamps near the Guayas

River in Ecuador. When one stands be-

side this river near Guayaquil and

sees the islands of vegetable debris

floating down to the sea, it is not diffi-

cult to visualize a piece of cactus-

fruit, seeds, or stems—moving slowly

westward with the Humboldt Current

toward the Galapagos Islands.

The Humboldt Current sweeps up

the west coast of South America with

cold water from the Antarctic regions.

Just short of the Equator, roughly

opposite the border between Peru and

Ecuador, it turns due westward into

the Pacific and. except for the Gala-

pagos Islands some 650 miles seaward,

bathes no more land on its way to the

far Marquesas. It is clear that cacti

have managed to make this 650-mile

crossing from the mainland on several

occasions. ./Vt least three extant groups

have so successfully established them-

selves that a remarkable interisland

evolution has occurred in them that

''SMm-^i^^^m
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Young tortoise, here feeding on Opuntia flower, also eats

fallen pads and fruit. Plant adapted to animal's predation.

Land iguana, a cactus eater, is not large enough to pose i

serious threat to plant's existence. This animal lives or|ca

provides the most striking features of

the low-elevation flora there today.

THREE distinctive cactus types now
live in the Galapagos Islands. The

least abundant and smallest is the

exceedingly drought-resistant Brachy-

cereus nesiodcus, which occurs on bar-

ren lava flows. It is a low plant access-

ible to whatever herbivorous animal

life may exist in its desolate realm,

but its stems are so spiny that the

succulent parts are completely hid-

den under impenetrable armament.

This brings us to the subject of con-

current evolution of the cacti and the

cactus-eating reptiles of the Galapagos.

That the cacti may have arrived on

the islands ahead of the tortoises,

Testudo elephantopus, is suggested by
the fact that they represent practically

the only green vegetation there during

the dry season. For several months the

lowland regions pass through a severe

drought, during which scarcely a leaf

grows on a bush or a tree. The survival

of the reptiles that first accidentally

arrived on the shores from the main-

land may well have depended upon the

occurrence of the succulent cacti as a

source of food and water during the

critical dry season. At any rate, the

cacti and the reptiles, especially the

prickly pear and the tortoise, seem to

have evolved side by side within the

islands, each in relation to the other.

Before man came to the Galapagos

Archipelago, the giant tortoises oc-

curred in countless numbers on a ma-
jority of the islands. Judging by the

habits of the survivors today, the tor-

toises must have come down to the

coast during the dry season and sub-

sisted on the succulent, leaflike pads

of the giant Opuntia cactus, which
has managed to survive and continues

to provide food for the tortoises today.

This has been accomplished in two
ways. The seeds of Opuntia are large

and sprout with the first rains of the

season. The young plants, which grow
rapidly during the brief wet periods,

Pads of fast-growing, young Opuntia
are soon out of reach of the tortoises.

are completely covered by spines thai

discourage the tortoises from gaining

access to the succulent parts. In a few

seasons the plant is producing padi

well out of reach of tire tortoises. As

the plant grows older and larger the

spines of the lower trunk gradually be

come farther apart, fall off, and are re

placed by a woody trunk covered witli

a coarse, papery bark, which is not

eaten by tortoises. The upper branches

grow out into a leafy crown; at the

beginning of each wet season the pads

fill out, become turgid with water, and

break off as their weight increases

This litter of fleshy pads and fruits,

which remains succulent on the ground

after the drought has begun, has, over

the centuries, provided the tortoises

with their dry season sustenance.

ABUNDANT sprouting of cactus seeds

has been aided by their deposi

tion in tortoise feces. (The same aid

to the sprouting of Galapagos toma-

toes has recently been reported. ) It

may be said that giant tortoises in the

islands are filling a niche inhabited by

mammalian herbivores elsewhere, but

today they are suffering in competi-

tion with cattle, goats, and pigs, which

men have introduced into the area.

Another reptilian herbivore once

common but now much reduced in the

cactus forest is the land iguana, Cono-

lophus subcristatus. but neither its

size, abundance, nor appetite could

have compared with those of the tor-

toise as prime factors in directing the
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111 isljiiil wliiTf neillu'r lorloist's nor goats forage on the

•iuliis, whose pads, therefore, still droop to the ground.

Spines on fruiting pad of Opiintid echios are shorter and

softer than thickly growing ones that protect basal parts.

'\ (ilutionary trends of the OpuiUia.

An indication of the effect of ani-

nals on the development of the arbo-

escent habit among Galapagos opun-

ias is seen in those islands of the

,

iroup where tortoises or their remains

ire unknown. There, the opuntias are

lo\v. shrubby species quite unadapted

for protection from browsing reptiles.

One may also speculate that the

huge proportions of the tortoises on

the Galapagos may result in part from

the survival value that accrues to large

size in obtaining food and water from

arborescent cacti during the rigorous

times of drought.

loday the giant cacti remain in im-

pressive dominion over the vegetation

of the drier parts of the islands, al-

ibi lugh the tortoises have been de-

.-tioyed or pressed back on the larger

islands to a few remote refuges beyond

the encroaching habitations of men.

The two giant cactus types that occur

are commonly found in association,

but on nearly every island, specific

and subspecific variations exist as a re-

sult of evolution through isloation and

inbreeding of populations. Let us first

note some of the characters and dif-

ferences of the giant opuntias.

Five species of arborescent prickly

pears have been described, and there

may be more as yet inadequately dis-

tinguished. All of these plants are of

large size and form heavy trunks with

scaly bark. Opuntia megasperma
achieves trunk diameters to 41/2 feet

— perhaps the largest in the cactus

family. Were one to observe only a

portion of the trunk from a little dis-

tance, he might mistake it, in color,

texture, and size, for that of a pine

tree. The trunks of Opuntia echios on

Santa Cruz Island are more slender,

but may be nearly 2 feet in diameter.

VARIATIONS in the crowns are no-

ticeable. Some species produce

only erect pads that form a compact,

dense, rounded crown, while others

develop drooping, pendent branches

and pads that today, in meeting much-

reduced browsing pressure by the rep-

tiles, may even touch the ground.

All of these succulent plants are

provided with a peculiar, netlike vas-

cular system that is best seen in fallen

pads that have rotted, eroded, and

been cleaned on the ground until only

the pad skeleton remains. This skel-

eton also persists in the oldest trunk

parts, which become thicker and more
woody as successive intercalary layers

of the vascular sheets develop.

The spines are exceedingly varia-

ble, but in every case the juvenile

plants, from 2 to 6 feet in height, are

the most heavily armed. Some remain

spiny; some develop bristles in the

upper parts; some are nearly spineless

in the upper, reproductive portions.

For many years it was thought that

only a single species of arborescent

Birds are attracted by red berries of

the candelabra-shaped Jasminocereus.



Opiinlia occurred in the islands, but

as details of flower, fruit, seed, and

spination were closely observed, a

complex assemblage of more or less

distinct species and subspecies became
evident. On the 1932 expedition of the

California Academy of Sciences, John

T. Howell made the first comprehen-

sive collections of cactus flowers and

fruits and discovered among these a

number of distinctive specific charac-

ters. Most remarkable are those of the

fruits, which vary in different species

from 2 cm. to 17 cm. in length. The
fruits of some species take as long as

two years to ripen, and in so doing

produce the largest seeds known in

the cactus family— 18 mm. long. Other

species, soon after flowering, drop

their fruits to the ground where the

seeds quickly mature, aided by the

fruits' watery pulp.

APART from the low Brachycereus

^ and the several opuntias, one

other form of cactus has evolved

widely in the Galapagos Archipelago.

First described by Abel du Petit-

Thouars of the French Venus Expedi-

tion in 1841, the giant candelabra cac-

tus, Jasminocereus, has been known
for over a century, but was always

supposed to constitute a single spe-

cies. Recent studies of fruits, flowers,

and vegetative characters indicate that

several distinct species and subspecies

are present on the different islands,

In the Galapagos, Dr. Dawson is per-
haps best known for his studies of Pacific
seaweeds. A Professor of Biology, Uni-
versity of Southern California, he is

also with the Allan Hancock Foundation.

showing an evolutionary pattern much
like that of the opuntias—a partial or

complete differentiation in each iso-

lated population.

The huge Jasminocereus is a night-

flowering plant whose purplish-brown

buds open to expose a long-throated,

creamy white interior. Nocturnal in-

sects, notably the hawk moth, pollinate

the flowers, and the fruits ripen as red,

spineless berries filled with small black

seeds in a fleshy, white pulp. These

provide meals for some of the fruit

and seed-eating island birds, includ-

ing the ground finches made famous
by Charles Darwin.

Because they are of such recent vol-

canic origin, the Galapagos Islands

are largely covered with lava and cin-

der fields bearing a scant cover of

soil. In some of the higher interior

hills some soil has accumulated from
the heavy vegetation that is sustained

during the rainless season by the wet

fogs (garuas), but the cactus forests

are primarily on the arid coastal low-

lands or on the bottoms of hot, lava-

floored craters where they thrive with

little competition from other plants.

One of the finest and most pictur-

esque cactus forests is on Santa Cruz

Island at the new Darwin Researc

Laboratory. The plants are as tall a

any in the islands, and the lava cliff

and ridges around the bay shore pro

vide striking elevation for these mas
sive trees and spires. During the we
season, a mixed, leafy thorn vegeta

tion, including such plants as Proso
pis, Croton, and Coldenia, develop

and partly obscures the cacti tha

dominate the lava during the dry sea

son of complete leaflessness.

Of all the biotic communities of thi

Galapagos Islands, that of the gian

cactus forest is now most favored fo

critical study, for the Darwin Re
search Station, situated in its midst

provides the biologist with inoderi

research facilities in what, but a fev\

years ago, was one of the most unfre

quented spots on the globe. The fores

stands on a seashore where marine

iguanas. Amblyrhynchus cristatus, for

age the intertidal seaweeds, and where

the rocky ground is frequented by mul
titudes of lava lizards. The under

shrubbery teems with remarkably

tame birds. Grasshoppers leap through

the thickets; insects probe the flowers

and at dusk the island bats wheel

among the columns. The tortoises and

land iguanas have disappeared here

but, with the protection now afforded

them, the colonies elsewhere on the

island may survive and spread, and
one day again may move into the pies

ence of man in the giant cactus forest,

Vasci I.AR PATTERN of a prickly i)ear pad is often seen on
the ground after its succulent parts have been rotted away.
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World's largest prickly pear species. Opuntia niegasperma,

right, may attain a trunk diameter of more than four feet.
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NATURE IN

ROCK & MINERAL

DURING THE TWENTY YEARS between

1830 and 1850. two events of the

greatest mineralogical interest occurred

in the United States, events that were

to exert a profound influence both on

the economic development and—more

subtly, perhaps, but nonetheless as cer-

tainly—on the total social structure of

a young nation. Both of these events in-

volved the discovery of vast quantities of

copper and gold, two of the rather few

elements that occur in the earth's crust

uncombined with other elements.

The first discovery (in truth, it was a

rediscovery, as we shall see) involved

immense deposits of native copper in the

Upper Peninsula of Michigan—the first

truly great copper strike since the slaves

of the Roman Empire were put to work

raising the red metal from the Rio Tinto

mines of Europe's Iberian Peninsula.

The second discovery initiated an out-

pouring of gold from the placers and

lodes along the western slopes of Cali-

fornia's Sierra Nevada. The opening and

looting of these two treasure houses are

long stories in themselves, were they to

be told in full, and we shall only attempt

to dip briefly into the first, reserving the

second for a future installment.

As early as 1636 the Jesuits, who had
followed the French trappers and ex-

plorers into the va.st forests of the Lake
Superior country, had indicated a belief

that somewhere along the shores of that

great fresh-water sea there were easily

accessible deposits of native copper.

Most of their information on the alleged

mineral wealth of the area was quite

likely garnered from the Indians of the

region, who were themselves entirely un-

interested in mining; the .lesuits fully

realized that the Indian reports were

probably liberally garnished with super-

stition and exaggeration. Nevertheless,

in a re|Mprt dated 16.59, the .lesuits ven-

tured to say that the Lake Superior re-

gion was ".
. . enriched in all its borders

by mines of lead almost pure and of

copper all refined in pieces as large as

the fist. . .
." Native lead, as most rock

and mineral collectors know, is a great

By Paul Mason Tilden'

rarity in nature, and to this extent the
report was a fantasy. The second part of

the announcement eventually proved to

be not only truth, but understatement.

To the southeast of the Upper Penin-
sula, spreading fanlike through Low-

er Michigan and into Ohio as far as the

Ohio River, was an area in which the

people who settled, farmed, and built

highways constantly found corroded and
waterworn lumps of native copper in soil

and gravel banks, and among the cobbles
and sands of watercourses. There were
no known sources of native copper either

in Lower Michigan or in Ohio, but it was
suggestive to the more thoughtful that

the apex of the fan pointed in the gen-

eral direction of Lake Superior. In the

earlier years of the nineteenth century,

many believed that there was an abun-
dance of copper somewhere to the north

of the fan. but the natural agent of trans-

portation generally invoked to account
for the straying nuggets was a "universal

flood" of earlier time that originated in

Arctic regions and poured southward
over the Northern Hemisphere. Such an
outgushing of water from the North was
also made to account for other phenom-
ena we now recognize as the handiwork
of continental glaciation: erratic boul-

ders, striated cobbles and ledges, mo-
raines, and so forth. (The studies and
speculations of Jean de Charpentier and
Louis Agassiz concerning the true na-

ture of such phenomena had not been
widely accepted in this country at the

time of the copper lode discoveries in

Michigan. In any event, so far as the

erratic copper was concerned, they would
merely have changed the natural vehicle

of transportation.

)

THESE considerations were sufficient to

send many an explorer and prospec-

tor to the shores of Lake Superior, and,

at a date tentatively set at about the year

1830. the first discoveries of metallic cop-

per were reported from the Keweenaw
Peninsula—that thumb-shaped land pro-

jection jutting about 80 miles into the



lake from the north shore of the Upper

Peninsula. From this time until about

1841, prospecting activity increased in

the area, and a number of modest copper

discoveries were reported.

Finally, in 1841. Dr. Douglass Hough-

ton, a botanist and physician who had

received an appointment as the young

state of Michigan's first official geologist

•—largely, perhaps, on the basis of his

keen powers of observation—gathered

together all llie evidence and made a

fairly detailed report to the State Legis-

lature on the occurrence of native copper

in the Upper Peninsula. The report, of

course, immediately became public prop-

erty, and a short time later mining oper-

ations began at a number of points on

the Keweenaw Peninsula, with spectac-

ular results. Prospectors, explorers, and

the inevitable speculators flocked into

the peninsula in such numbers that by

1845 "the shores of Keweenaw Point

were whitened with their tents."

Mass copper is seen in dark areas of 1853

woodcut of Keweenaw mining operation.

The origin of the "drift" copper of

Lower Michigan and Ohio was now
clear. In a narrow belt of geologically

ancient rocks that striped the Keweenaw
Peninsula lengthwise and included con-

glomerates, sandstones, and innumerable

flows of basaltic lava, probably of late

Precambrian age, was native copper in

prodigious quantity, filling the cracks,

fissures, and gas pockets of the lava, and
in places forming the matrix for the peb-

bles of the conglomerates.

First to be worked were the so-called

mass copper, or fissure veins, of the ba-

saltic lavas, some of which yielded riches

that were embarrassingly great. What
does one do with a mass of nearly pure

copper weighing twenty tons? Or with

a "nugget" of a hundred tons'? How raise

it to the mine head? Such masses were

at the same time both hard and yielding,

like a metallic putty. They were proof

against the power of gunpowder, and
the blowtorch was still to be invented.

Clearly, there was but one way to deal

with the huge copper slabs and sheets

—

with the sledge hammer and cold chisel,

10M4ual (Silt *}Um.
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and that is the way the miners of the

Keweenaw sliced the copper into smaller

chunks. A Boston visitor to the Michigan
copper country has furnished us with a

firsthand account of this tedious process.

"The Masses are separated into man-
ageable blocks."' he reported, "solely by
the hammer and chisel: one man holding

the chisel, while two others strike alter-

nately with seven pound hammers. ... In

this way. by the successive removal of

small narrow chips, still increasing in

length, until this reaches the thickness

of the mass, the separation is finally ef-

fected. ... A mass of eighteen inches in

thickness and four feet across. wiU . . .

require eight days to divide it."

Other schemes for dividing the copper

masses had been devised from time to

time, the Boston visitor noted; among
these was the use of a circular saw. But
the occasional thin veins of quartz that

were encountered in .some of the masses

caused "the speedy destruction of the

saw," and the idea was abandoned. The
largest mass of native copper ever re-

covered from the Keweenaw mines, it

might be noted, weighed about 500 tons

!

FOR approximately nine years, or until

about 1850. the entire production of

the metal came from the crack-and-fis-

sure veins of the basalt. Then it was
discovered that, in certain beds of this

plutonic rock, myriad tiny cavities, or

"vesicles." originally produced by the

expansion of steam or other included

gases upon extrusion, were partially or

wholly filled with native copper. This

"amygdaloidal" basalt eventually
proved to be the backbone of the copper

industry on the peninsula, despite the

relatively small size of individual "nug-

Interior of Michigan mine was depicted
at mid-nineteenth-century peak of industry.

gets." One such basaltic flow was known
as the Kearsarge Amygdaloidal Lode;
all told, this was mined for an almost

continuous length of seven miles along

the "strike," or trend, of the rock forma-
tion, and up to two miles down its "dip,"

or inclination from the horizontal

Stockholders in the Kearsarge Lode
were rewarded with a total of more than

fifty millions in dividends over the years

during which it operated!

From the amygdaloidal basalts there

also came dividends of another sort in

the form of beautifully crystallized speci-

mens of calcite. epidote, quartz, chlorite,

and a number of commoner minerals.

Equally fine specimens of the minerals

peculiar to basaltic rocks were recovered

with the copper. Among these were
prehnite. the hydrous silicate of calcium

and aluminum, in striking sea-green

masses and crystals; datolite, the boro-

Slow, arduous melliod of separating the

copper blocks of unwieldy size during

the niidnineleenth century is illustrated in

this uoodcHl. With seven-pound hammers,



silicate of calcium. s<imelinies with

enougli iiicludfil iiativt- cdpiier t(i color

it pini<: laiinioiilitc aiiollicr liydroiis sil-

icate of calcium and aluminum ; colorless

lanalcime. a hydrous aluminum silicate;

apophyllite. a hydrous silicate of potas-

sium and calcium, and many other showy

minerals thai, like specimens of native

copper of the rc<;ion. are even today oc-

casionally available to collectors through

the various rock and mineral magazines.

In 1861. a third type of copper lode

came into prominence — the so-called

conglomerate lode, in which the matrix,

or binder, for rocks and pebbles of a

conglomerate was replaced by native

copper. (In fact, in some places both the

pebbles and matrix themselves were of

copper. ) It was upon such a copper-

conglomerate ore body that the famous

Calumet and Hecia mine was sunk in

1864. eventually to be driven some 9.000

feet down the dip of the formation, with

some 200 miles of lateral tunnels.

THKliE were two versions of the story

about the discovery of the conglom-

erate lodes. The first, and least romantic,

relates how one E. J. Hulbert, prospec-

tor, discovered the copper-laden con-

glomerate in a most orthodox manner

—

a story of patient search and mineralogi-

cal knowledge rewarded. The second ac-

count placed the same Hulbert on the

scene, but indicated that he was in search

of a lost pig rather than a copper lode.

' Attracted by the squealing of the pig.

the story runs. Hulbert located the ani-

mal at the bottom of a ten-foot shaft in

the woods, and proceeded to its rescue.

It was then that the man became aware

of the nature of the pit. It had been sunk,

by persons unknown, on an exposure of

two men nlternately sliike a chisel held by
third. Blowtorch had not been invented.

'!
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conglomerate, the matrix of which was
solid copper. The heyday of the so-called

conglomerate lode was at hand.

But who were the persons who had
first driven the pit? This was not the

first occasion on which prospectors had
noticed the traces of prehistoric mining:
indeed, some of the prospectors of the

Upper Peninsula spent their working
hours searching for the pits and cavities

of prehistoric mining activity rather than

for the geological clues to the metal.

Such ancient traces were regarded as

fairly sure indicators of valuable lodes,

and the number of working mines that

sprang up on sites of old diggings vindi-

cated the judgment of treasure seekers.

Within the copper pits of the ancients

were commonly found the rude accouter-

nients of the mining trade—stone ham-
mers and mauls, copper chisels, pointed

tools of various sorts, and even rude
wooden shovels, the latter partly pre-

served by the water and accumulated
debris of the pits. One ancient opening

on the peninsula measured 120 feet in

diameter and was 15 feet deep. In some
pits the prehistoric miners had obviously

encountered the same trouble in detach-

ing usable pieces of the metal as had
their successors; large hacked masses of

copper, along with broken mauls and
wedges, seemed to indicate abandoned
eflorts. These people, still unknown, were

CATCH THEM ALIVE AND UNHURT!

P.\UL Mason Tilden, editor of the
National Parks Magazine, began this

column on the staff of Nature
Magazine and is continuing it here.

inj

HAVAH.\RT trap captures raiding rats, rabbits,
quirrels, skunks, weasels, etc. Takes mink, coons without
jury, straying pets, poultry released unhurt. Easy to use
open ends give animal confidence. No springs to break.

Sizes for all needs. FREE booklet on trapping secrets.

HAVAHART, 158-F Water Street, Ossining, N. Y.
Please send me FREE new 48-page booklet and price list.

the actual discoverers of the Keweenaw
treasure house. They were believed to

have been contemporary with, but not a[

part of. the Hopewell civilization, which

flourished farther to the south perhaps

2,000 years ago. Archeologists think that

the primitive miners left their mines hur-

riedly, discarding even their tools, but

the reason for their hasty departure is

still a matter for speculation.

In any case, upon the rediscovery of

the mines that were pioneered by the

ancients, the production of copper in the

United States jumped from a few hun-

dred tons a year to many scores of

thousands. The heyday of mining in the

Upper Peninsula of Michigan came in

1916. during the First World War, when
the region produced some 135,000 tons

of the red metal. All told, more than four

million tons of copper have been won
from the geologically puzzling basalts

and conglomerates of the peninsula, and
the district is now almost exhausted,

commercially speaking. But for rock and
mineral collectors, there are still treas-

ures to be recovered from the dumps
and workings of its abandoned mines.
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52-57-E. Yale Dawson
61-63-Harper's New
Monthly iVIagazine, 1853

SWmGIIVG SUET FEEDER

The famous Dinah Dee Suet Feeder is perfect

for feeding wild birds in your yard. $1,95
each; 2 for $3.75; $1.60 for each additiona!

mailed to you or a friend. One suet cake FREE
with each order. Suet seed cakes for feeder
3 for $2,00; $7,00 per dozen; 24 for $11,00;
36 for $15,00, Residents of Texas add 2%
tax. We prepay all postage. No COD's please.

Dinah Dee, Dept. 562N
P.O. Box 6734 • San Antonio 9, Texas

Gracious Liviiif!: for the Birds!

ith I ^

last, the life of the affluent
! birds! Beautiful, white pine manor' house has
iolid maliogony roof, outside rails, and is dipped
"Woodlife," Complete with two suet and seed
Ills, it is 12" wide, 10" high, 24" long, with
uirrel proof baffle on a 6 foot, 2-section steel
.le, A delight to every fan

""

Senit la

$13.95 ppd,

FREE catalog.

BLAIR'S
Hcatlquarlcrs lor SquirreUProol Bird Feeders

Dept. NH-112, 32 Angola Rd., Cornwall, N.Y.
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IF YOU ARE LOOKING FOR A GIFT THAT IS DIFFERENT

MOBILES for Christmas Gifts!
Permanent VISUAL Enjoyment
as they move in any stir of air

Shows how PLANETS circle SUN

UNIVERSE
MOBILE

Twice OS BIG as

mojl mobiles

NINE SQUARE FEET

Kelpi you understand
OUTER SPACE

UNIVERSE MOBILE Moves in any stir of air to dis-

play Solar System in motion! Shows distant galaxies, neb-

ulae, star clusters and immensity of Outer Space. Based on

Palomar Observatory color photos. Supervised by Dr.

Rogers of Chicago's Planetarium. Full color both sides

of heavy plastic-coated fibreboard. Washable. Easy

assembly. Harmless adhesive hanger for ceiling. Artistic,

permanent. Includes booklet of sky and star data.

UNIVERSE MOBtLE, color, 2 sides, 9 sq. ft *2

SPACE MAP
Huge 42x33" Rand
McNally wall map
that answers lOO's

of Science questions

on planets, space,

stars, satellites.

SPACE MAP ^1

Star CIuslcTS

Globular Clusters

Rlr^g Nebulo

Crob Nebula

^^ Special! Map and Mobile $2^°

Action

slrotes

SOLAR SYSTEM

Wonderful BIRD MIGRATION Map!

BIRD MOBILE Helps children identify birds

Graceful, beautiful. Authentic. Brilliant color, 2 sides of

durable fibreboard. Plastic coated, washable. Birds glide

about in any stir of air. Data chart. BIRD MOBILE, 4 sq. ft.^1

Solve all your gift problems with the coupon below

What bird flies 2400 miles NON-STOP?
BIRD MAP Features 50 birds, 30 in

color. Developed with Chicago
Natural History Museum. Pub-
lisher: Rand McNally. Unique
map details the 4 major fly-

ways, 4 vegetation zones, theo-

ries on bird migration. Also
non-migratory birds and wat-

er birds of each flyway. 14

special maps on sides show
travels of Oriole, Swallow
and 12 others. Simply beau-

tiful. Mount or frame.

BIRD MIGRATION MAP*! '^O

Special! Bird Map
and Mobile $2

ODERN EDUCATIONAL AIDS
Any assortment of 8 or more units 25% off

Any assortment of 36 or more, 40% off

227 W. Ill

Chicago

FOR GREETINGS

3 doz. or more.

Each inclucJes a hanciy

1-7. 8-35, 36 or Gifts for

UNIVERSE MOBILE $2.00 $1.50 $1.20

SPACE MAP 1.00 .75 .60

Combination: Spoce MAP
and Universe MOBILE 2 50 1.87 1.50

BIRDMAP 1.50 1.12 .90

BIRD MOBILE 1.00 .75 .60

Combination: BIRD MAP
and BIRD MOBILE.... 2.00 1.50 1.20

Other Mobil.

Quant-liCS-

SANTA CLAUS $100
NATIVITY

BALLET

Gift Mobiles fo

reol little guys:

CAT & FIDDLE

CIRCUS
RAILROAD

1.00

1.00

$2.00

2.00

1.00

8-35,

each

$.75 .iffira

SHIPPED POSTPAID Satisfacti(

Address..

City

SANTA Everchanging face

swings expressively in any

air current for a jolly holi-

day fun-display. SANTA... I

The CHRISTMAS Story Wise

men follow star; angel and

shepherd watch manger.

Moving scene. NATIVIT/.. *1



STAR-TESTED QUESTARS ARE USUALLY IN STOCK READY FOR IMMEDIATE DELIVERY, FROM $995. TERMS ARE AVAILABLE. LET US SEND YOU THE QUESTAR BOOKLET. I

Here 50 finished Questar bases are having

legs fitted to them by Peter Dodd and James
Reichert of our staff. They are choosing

legs at random from a large supply, select-

ing one for the center, which will be adjust-

able by means of a telescoping smaller tube,

and then choosing a pair, each one of which
will fit both holes in the side of the base

with just the proper feel. And feel is the

right word to use, for we take leave of

measurements at this point and work for

the fit that feels just right.

We make a quantity of 1875 legs before

we finish any holes in the base castings.

The first step is to select drawn aluminum
tubing at the Philadelphia warehouse of

the metals supplier. We accept only those

tubes whose diameters, including ovality,

vary less than .003 inch. The lengths are

then shipped to the Micromatic Company
of Trenton. New Jersey.

Micromatic cuts them into short pieces

and chamfers both ends inside and out.

Then they centerless grind the entire out-

side surface to a tolerance of only plus or
minus .0001 inch. One ten-thousandth inch.

The group is then shipped to Pottstown,
Pennsylvania, for a uniform, heavy anodiz-
ing, or sapphire plating, by the electrolytic

method. This coating is actually quite thin,

but very hard and durable for it is, being
sapphire, of the corundum family. The 625
sets of legs, each alike in size to all the

others within .0002 inch, are finally shipped

to our factory at New Hope, where we make
some parts completely and finish up others.

Meanwhile Micromatic has milled a long

slot in 625 smaller tubes which slide inside

the center tube and can be clamped at vari-

ous degrees of extension. These smaller

tubes do not need a close fit. A half-round

block of milled aluminum alloy goes inside

the slotted tube. One-half turn of a knurled

knob will lock both tubes securely. Neither

knob nor sliding tube can ever fall out to

get lost.

Questar's base casting is made by the

Boose Aluminum Foundry of Reamstown,
Pennsylvania. The alloy used is Alcoa No.
356 tempered to the T-6 condition. Because

it contains 7% silicon it is exceptionally

free-flowing in the molten state. It has the

virtue of great resistance to the acids of

perspiration or the corrosive salts of sea

water, and retains its polish very well. We
use the piece, therefore, without paint or

surface treatment. If scratched or nicked,

one may always polish out the defect and
renew the surface luster. The workmen at

Boose pour these castings one at a time

into moulds prepared from metal match-
plates instead of wooden patterns.

After the tempered sand castings have
been cleaned by sand-blasting, they go to

Gerald Fegley's shop in Pottstown, where
he turns ofl' almost one-half the metal in

accurate machining. When turned to proper
size on the engine lathe, Mr. Fegley him-

self puts them one by one in a large fixture

which supports the piece and serves as

guide while several holes are drilled, later

to be tapped for fastening screws, and the

three leg-holes are bored a trifle undersize.

We have by this time sent several sample
legs to Fegley and he has prepared a reamer
and burnishing tool to ream each hole and
burnish it to a mirror finish of exactly the

desired size. When each piece is finished

to his satisfaction, it is a handsome thing

with no rough edge inside or out. Each is

individually wrapped and shipped to us.

Then, as you see, the work of hand fitting

each leg by selection begins. This job takes

two men a day and a half to do 50 sets. The
inherent ovality of tubing is what makes
selection necessary within the .0002-inch

range of tube diameters.

Finally, butyl rubber tips are cemented
into all three legs of a set, the adjustable

leg finished, and each one placed in its indi-

vidual pouch on the door of an English
leather case, which then is tagged with a
numbered card for one specific base.

There are no secrets about making the

best telescope in the world. We try to make
every single part just as fine as possible.

QUESTAR
BOX 60 NEW HOPE, PENNSYLVANIA
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W^hile playhig the lead in the Broadway musical "Greeuwillow," the distinguished American actor Air. Anthony

Perkins phoned us from New York. We learned that he had used telescopes since boyhood, has a 4-inch refractor,

and had practically memorized our booklet. He asked some questions and in June took delivery of a quartz-

mirrored Ouestar. When asked how he liked it, he said, "Your booklet does not do it 'justice." We asked if we

could quote him in this space. "Indeed yes," he replied, "but change that to read 'no catalogue could do it justice.'
"

LAY THAT BURDEN DOWN
When you finally get tired of lifting and

carrj'ing your telescope in and out of doors.

tired of setting it up and taking it down in

chilly darkness —

When you've had enough of heavy loads.

of quivering tubes and images, enough of

drives that falter and slow-motions that fall

short—
When you finally realize that it has be-

come too much trouble to use your telescope

any more because it only gives you an aching

back and a pain in the neck — when you've

had your fill of the whole unhandy con-

trivance — jeW /or ttif: Qi/eslar boolilet!

The Questar booklet will tell you how to

lay your burden down. No more lifting, no

. more toting, no more setting up of heavy.

clumsy parts. Questar weighs but 7 pounds.

It is always assembled, always ready to use.

It will tell you how Questar stands alone,

the only thing of its kind, with the latest

kind of optics, the mixed lens-mirror system

of the new catadiotric optics. How Questar :

folded focal length keeps it fabulously short,

how so short a telescope can be as stiff and

rigid as a great observatory instrument. It

will tell you how Questar's images are as

rock-steady as a microscope's, how its con-

trols are ready to your fingertips, and how
its 360° continuous slow-motions have a

buttery smoothness with absolutely no back-

lash at all. It will tell you of finer per-

formance than was ever dreamed of from

only 89 mm. of aperture, and prove that

point by the amazing resolution of the photo-

graphs it takes.

But hold on — let the booklet tell you

this — let us use this space to tell you other

things.

Let us speak, for instance, of investment

value. Questar costs no more than ordinary

'scopes would if they were so well mounted

as to be equally solid and vibration-free. But

let's face it — Questar optics cost more by the

extra hours of human labor required to make,

for example, mirrors that must be 16 times

more accurate of figure than the ordinary

kind. Questar's mounting, too, has over 235

separate parts, each one of the best procur-

able alloys down to the last small stainless-

steel screw.

So let us tell you what we have found out

— that Questars are so greatly in demand

that the few which reach the second-hand

market depreciate an average of less than

7% per year! Imagine this — telescopes

3 years old may bring 80% of their pur-

chase price! We know of few manufac-

tured products with such amazingly higli

value at resale.

Remember then, that if you too become

a Questar owner, you will be making the

most conservative investment possible. We
firmly believe that it will cost you less per

year to enjoy a Questar.

Questar, as illustrated, still costs only

S995 postpaid, in handmade velvet-lined

English leather case. Terms are available.

May we send you the booklet.-'

truestar



BOOKS OF SPECIAL INTEREST TO

READERS OF NATURAL HISTORY

The newest adventures of

a favorite naturalist

THE

WHISPERING LAND
"Anyone who has ever read a

book by Gerald Durrell will wel-

come another with whoops of joy.

For years he has roamed the
earth filming wild animals, collect-

ing them for zoos, and writing of

his experiences with infectious

delight."— Chicago Tribune

"This book (is) a delight, with

never a dull moment from Buenos
Aires to Patagonia."

—GORDON CUYLER, N.Y. TilTieS

Drawings by Ralph Thompson, $3.95

by GERALD DURRELL

Two appealing animal picture

books in lovely full color

PUPPIES IN COLOR
by Jane Buckland

Irresistible portraits of the young
of many breeds, in a delightful

variety of canine moods and atti-

tudes. With advice on selection,

care, and training. 24 full color

plates $2.98

PONIES IN COLOR
by Josephine Pullein-Thompson

All the popular types and breeds
of ponies are pictured In this
handsome book, with an informa-

tive introduction about the devel-

opment of the various breeds. 24
full color plates $2.9S

The gigantic drama of the

Ice Ages and the coming

of man

THE GREAT

WHITE MANTLE
By a unique telescoping of time,

Woodbury lets the reader watch
the vast and majestic flow of ice

as it submerged and reshaped
whole continents, attacking and
retreating by irregular turns. He
shows the role ice played in man's
development, grooming him to

survive because he learned to

fight back. Thoroughly up to date,

this lively and informal book is an

intriguing excursion into the dis-

tant past. With photographs and
charts. $4.95

The first book based on

material from the 1961

Harvard-Peabody Expedition

to New Guinea

UNDER THE

MOUNTAIN WALL
A Chronicle of Two Seasons

in the Stone Age
Only a writer of Peter Matthies-

sen's stature as a novelist and
interpreter of the wilderness
could have produced this wholly

original work. With uncanny skill

he has recreated the world of a

Stone Age people living today—
the Kurelu tribesmen of New
Guinea— never before seen by
white men, describing the drama
of their daily lives in love and
war. in work and play. With color

frontispiece, 85 photographs by
Eliot Elisofon, Michael Rockefeller,

and others, and endpaper map.
$7.50

By the author of Wildlife in Amer-
ica and The Cloud Forest

by DAVID D. WOODDDRV PETER MATTHIESSEN

u
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Choose from seven exciting titles in "The Art of the World" series Eoch book

contains a wealth of information on the art, religion, and customs of a creative

people Each volume has at least 60 hand-tipped plates in full color Each

title . . . $6.25 ppd. "The Art of Ancient America" "The Art of Africa"

"The Art of the Stone Age" "The Art of the Middle East (including Persia,

Mesopotamia, and Palestine)" "The Art of the South Sea Islands (including
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"Indian Art in America" by Frederick J. Dockstader, Director of the Museum

of the American Indian, Heye Foundation The extraordinary craftsmanship
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Reviews
A Christmas survey of children's science books during 1962

IN the children's science hook field

we stand today just about where we
stood several years ago: publishers in

general continue to be followers rather

than leaders. Bad or indifferent books

continue to outnumber good ones, and

even the best of the lot tend to be well-

produced versions of what has been tried

many times before. In other words, for

all the vast numbers of books turned out.

the dearth of original ideas remains as

striking as ever.

The situation contrasts sharply with

the trend of the times in other areas of

science education. To take only one ex-

ample, the National Science Foundation,

which has actively supported improved

courses in physics, mathematics, chem-

istry, and biology, is now considering

proposals to introduce anthropology and

archeology into high school curriculums.

This development may be expected to

have wide repercussions. For one thing,

it may well stimulate fresh interest in

revised methods of teaching the human-
ities, since research on early man in-

volves art, language, and social studies,

as well as scientific disciplines.

That things are stirring elsewhere is

indicated by the many responses to last

year's N.^tural History survey of chil-

dren's science books. The editors re-

ceived letters requesting copies of the

survey not only from public libraries,

state and municipal departments of edu-

cation, schools, and universities offering

courses in library science, but also from

individual parents, teachers, and persons

who simply wanted guidance in selecting

appropriate book gifts. In all. some
5.000 reprints were distributed.

Some of the comments in the letters

are of special interest. Our correspon-

dents expressed considerable concern

about "wading through increasingly
large numbers of books." and "the flood

of books in this field." The representative

of a large public library system in Mass-

achusetts criticized "books... which are

repetitious and seem put together from
other books." In an effort to do some-

thing about the selection problem, a

group of California libraries has de-

veloped a checking policy of its own

—

one designed to supplement and extend

services provided by the survey. Other
letters mentioned use of the survey in

talks to parents and teachers, and in

helping to determine what books to order

in quantity with funds provided under

the National Defense Education Act.

Although publishers seem less sensi-

tive than librarians and scientists to the

need for change, their lists still feature

a certain proportion of books that are

distinctly better than average. Those

dealing with specialized areas of science

are reviewed in our third annual survey,

which. like previous surveys, is confined

to material intended primarily for chil-

dren twelve years of age or older. Books
involving several research fields include

such well-edited volumes as L. Sprague
de Camp's Man and Power (Golden

Press) and Michael Blow's Men oj

Science and Invention (American Heri-

tage). Also worthy of notice is the "Im-

mortals of Science" series (Watts),

which consists of biographies of Aris-

totle, Newton. Maxwell, Koch, and other

great investigators.

These are fine books in many ways.

The explanations are uniformly clear

and direct, which is saying a good deal.

(If straightforward presentations were

easy, the demand for professional science

writing would be far less urgent.) Criti-

cal experiments are discussed in the

context of their theoretical and cultural

significance. Even more heartening, we
find less and less use of synthetic little

anecdotes about poverty-ridden scientists

who stomp triumphantly from labora-

tories to announce, usually to startled

but understanding wives, sudden insights

into nature's mysteries.

On the other hand, the feeling of hav-

ing been through it all before is uncom-
fortably present in many of the books.

Of course, a good thing is often worth

doing over again, but the trouble with

rehashing is that as a rule it points

toward a lack of imagination. It indicates

that someone has taken the easy way
out and. instead of thinking a subject

through in modern terms, has perpetuat-

ed viewpoints that are no longer as valid

as they once were. Furthermore, the re-

hashing may also reiterate the same old

attitudes. In books presenting the life

stories of scientists, for instance, the first

chapters almost invariably feature the

homey touch: "The Smith family had
little reason to suspect that their son was
destined to be a great physicist."

This approach, which, incidentally,

characterizes most of the "Immortals of

Science" books, can probably be traced

to the notion that people are more in

teresting than ideas, so that, inevitably,

ideas are forced to take a secondary

position in the writing framework. The
young reader is not fooled. He senses the

purpose of such devices, and the odds

are that he will absorb what amounts to

nothing less than a deep-seated distrust

of ideas. A more honest and less hack-

neyed approach is to open the story with

an account of those specific and funda-

mental phenomena that the scientist

spent his life studying.

It so happens that two of the most

creative projects of the past year or so

are not addressed specifically to the

twelve-and-over age group. The "Science

Book-Labs" (Library of Science) are

packaged units, each devoted to the

study of an area such as growing plants

or magnetism, and each consisting of

carefully selected laboratory equipment,

together with a book describing simple

experiments and their significance. The
units are designed for children eight to

twelve years old, but more-advanced ma-

terial in similar packages might appeal

to older children. Another pioneering

effort is the "Visual" series (Dell), in

which artists and scientists collaborate to

present in a new way the stories of

anxiety, the heart, genetics, and astron-

omy. Although these are essentially

adult-level books, they will certainly in-

struct and attract intelligent children.

Unfortunately, imaginative ventures

are few and far between, because pub-

lishers seem to operate on the principle

that people will buy again and again and

again what they have bought before (al-

though it is not obvious why the "give-

'em-what-they-want" standards of com-

mercial television should apply to edu-

cational books). The most flagrant ex-

ample of this principle in action involves

a subject that apparently cannot be done

to death despite the persisting efforts of

publishers: the exploration of space.

Space books keep on coming like Japa-

nese beetles, and most of them feature

science "hardware"—rockets, launching

pads, and interplanetary vehicles.

As our astronomy reviewer indicates

in this survey, the boom in space books

is directly related to widespread and
high-pressure publicity, which fosters

the venerable American tradition of

glorifying gadgetry at the expense of

basic science. The objective, of course,



is tn impress the nalidii aiul the world

with the fact that we are in the space

race up to our necks.

There has been no major effort to give

"equal time" to just as impressive work

that is now under way in university

laboratories. American investigators are

among the international leaders in im-

portant new research on the biochemistry

of heredity, stellar evolution, the work-

ings of the brain, prehistory, advanced

computers and artificial intelligence,

embryology, and so on. But advances in

these and other areas simply do not rate

when it comes to planning large-scale

campaigns in public education. It is no

wonder that people are tempted to shy

away from ideas and abstract concepts in

science and that all forms of education

suffer as a result.

Improving children's science books is

not an isolated problem. We can hardly

expect notable changes as long as pub-

lishers reflect the "hardware" attitude

that dominates much current thinking

about science and science education. But

it would be encouraging if publishers

exhibited the necessary initiative to put

out books that place emphasis on basic

research and the excitement of learning.

John Pfeiffer

Anthropology

IN assessing anthropology books for

children, teclinique and presentation

take precedent over subject matter.

Whereas almost any subject that adds

to our understanding of man can come
under this general heading, poor tech-

nique or poor format can render the

best material totally indigestible. We
are. then, considering books that may
be descriptively historical, formally ar-

cheological. or simply sociological. The
subject matter ranges from ancient civil-

izations or primitive man. through the

whole gamut of human history, to con-

temporary cultures. It is all infinitely

absorbing and worth reading, and the

important question to ask about any

book in this field is: does it really in-

struct the child about his fellow human
beings, about himself and his heritage?

This year's yield of anthropology

books, a bare dozen, provides us with

examples of the best and the worst in

children's books. To dispose of one that

annoyed me the most, without its neces-

sarily being the worst, let us take Olga

flall-Quest's If'illi Sluidcy in Africa

(Dulton ). The only passable thing about

it is the type face. There is one messy

map, and there are no other illustrations.

The text is in an eyewitness style that

Would fool nobody, least of all a child,

and the focal point is the overdone "Dr.

Livingstone, I presume" incident.

The first half of the book leads up to

Stanley's meeting with Livingstone, and
the second half deals with his explora-

tion of the Congo. To the author, Mr.

Stanley is gallant and noble, whereas his

own writings leave no doubt he was (if

one is charitable ) a homicidal egomaniac.

Because to the author Stanley is good,

everyone who helps him is good, and

the hard facts of history are distorted

thereby. Slave traders appear, complete

with slaves, as angels of mercy, and the

unfortunate Africans once more emerge,

in typical nineteenth-century style, as

mere savages.

This to my mind is a bad and tiresome

book because it distorts facts, perpetu-

ates outworn myths, and attempts sensa-

tionalism. Any child worth his salt would

get much more out of reading the first-

hand accounts of Stanley himself.

Equally bad. in different ways, are

two books from the Roy Publishers:

Ancient Egypt, by R. R. Sellman. and

Exploring the Americas, by L. F. Hobley.

The print in each is faint and micro-

scopic; the illustrations in the first might

have been considered good fifty years

ago; the overpowering list of contents in

both is enough to dismay anyone. There

is certainly nothing in either of these to

attract adults or children, and their ac-

curacy is questionable.

The Seven Cities of Cibola, by Stephen

Clissold (Clarkson Potter), is another

book that is more historical than anthro-

pological, but it is of a much higher

standard. It deals with those events in

the fifteenth and sixteenth centuries that

led to the conquest of the seven cities to

the northeast of Mexico. It is an exciting,

well-told story, with the serious student

in mind, and contains excellent, relevant

illustrations and maps.

Leonard Cottrell. a prolific and some-

what controversial personage in the

world of archeology, has come out with

another book. Land of the Two Rivers.

Printed, illustrated, and annotated with

the elegance that typifies books of the

World Publishing Company, this is a

fascinating and stimulating work, vividly

portraying history in the making — the

very beginnings of what we know as

civilization. I would personally question

Mr. Cottrell's dismissal of "primitive"'

society and his implication that it does

not possess the traits that characterize

"civilization," whereas, in fact, the prim-

itives often possess all the traits he lists

for civilization—except for writing and

the city itself.

Written on a higher academic level

are two books by Robert C. Suggs. Lords

of the Blue Pacific (New York Graphic

Society I . and Modern Discoveries in

Archaeology (Crowell). The latter is a

rather haphazard miscellany of recent

archeological discoveries strung together

on the mistaken assumption that the pub-

lic is unaware that anything of impor-

On these pages is Natur.^l History's third annual survey of current science

books written for children twelve or older. The departmental reviewers are

all on the scientific staff of The American Mi'seum. and the introduction is

by John Pfeiffer, an experienced free-lance science writer. The purpose of the

survey is to attempt to offer some small measure of guidance to teachers and

librarians who today are inundated with science books of widely varying levels

of excellence. The editors also hope the reviews will be of help to gift-giving

adults who may understandably be bewildered by the plethora of choices.

From Lords of the Blue Pacific

tance has been discovered since the open-

ing of the tomb of Tutankhamen. The
miscellany includes, however, useful and

interesting descriptions of modern tech-

niques, such as radiocarbon dating and

marine archeology.

Lords of the Blue Pacific is a much
better book, having a more consistent

thread—the origin of the peoples of

Polynesia. It would have been immensely
improved by better maps, an index, and

a chronological table, but it is still a

colorful account of a fascinating prob-

lem, and brings together many discov-

eries and ideas. It may not be quite as

conclusive as either the publishers or the

author claim, but is well worth reading.

Ancient China, by C. A. Burland
(Dufourl. is disappointing. The text

occasionally goes into excellent detail.

as in the description of pottery manu-
facture, yet elsewhere it virtually ignores

important points, even in such a vital

aspect of Chinese life as farming. In an

attempt to make an index that will ap-

peal to children, it is written down, and

the result is a disastrous confusion of

words, numbers, and irrelevant pictures.

Some pictures, incidentally, are repeated

three times in the book.

Far better are two books on American
Indian life. Indian Hunting, by Robert

Hofsinde (Morrow I. is well written and
well produced in bold type with illustra-

tions that are relevant, informative, and
attractive. It is a simple, factual book.



which tells of hunting techniques and

how it feels to be a hunter. The final

chapter avoids, a little too deliberately,

perhaps, the real "end of the trail," and

ignores problems that persist as a result

of the end of hunting as a way of life.

However. Chief Joseph, by Russell

Davis and Brent Ashabranner (McGraw-

Hill ) . does deal with the end of the hunt-

ing era fairly and sympathetically. It

would be difficult to write a bad book

about Chief Joseph, but this struck me
as being a particularly good one. It is

the story of a peace-loving man driven

against his will into a war that he knew
would destroy him and his people. There

are moments of real beauty in the book,

and it adds to our understanding of the

Indian and the tragedy that befell him.

I have kept two books until the end,

because they are both outstanding in

their own ways, and because they tell us

about other peoples in other lands simply

but effectively. Little Calypsos, by Lillian

D. Krugman and Alice Jeanne Ludwig
(Carl Van Roy), consists of songs and

stories of the West Indies. The illustrated

text gives the history of the land and

people; the songs—with music and sim-

ple instructions on instrumentation-

bring the text to life. This book is for

younger children, perhaps under the

guidance of a music teacher, but it is an

idea that publishers might well develop

for higher age-levels.

Another technique that results in a

wonderfully vivid picture, this time of

African life, is found in the exceptional

new book by Peter Buckley. Okolo of

Nigeria (Simon and Schuster), the sixth

in a series. The technique is unusual

because Mr. Buckley, in writing his

books, travels to different lands with the

sole intention of finding a child whose
biography he can write for the benefit

i]f all children. These are true life stories,

and cannot be praised too highly.

The author is a fine writer and pho-

tographer, and his book is filled with

pictures of Okolo at work and play. The
traditions in his village seem odd at first,

but as we begin to see with Okolo's eyes

we learn that his life is not really so

strange after all. For above all there is

Okolo himself—a real boy growing up

in Africa's largest newly independent

nation. Something of the conflict between

traditional and Western values emerges

from the story of this simple village boy

who wants to be a part of both worlds.

It is a beautiful and sensitive account.

Colin M. Turnbull

Astronomy

THIS year's astronomy selections for

young people contain a relatively

larger proportion of "space science"

books than did 1961. Lacking any other

criterion, a buyer should feel fairly safe

in acquiring a book on this subject if it

is written by someone actually in the

space program or a contributing indus-

try. If the supply of authors among re-

sponsible authorities is limited (as it

must be) . at least some may be willing to

referee manuscripts on these highly tech-

nical subjects—an inexpensive insurance

for the publisher against a flood of repu-

tation-damaging reviews.

Although not a book for pure pleasure

reading. Guide to Rockets, Missiles and
Satellites, by Homer E. Newell (Whittle-

sey House
)

, is useful and authoritative

for anyone, young or old. It was compiled

by the Director of the Office of Space Sci-

ences, National Aeronautics and Space
Administration, and in a short introduc-

tion he defines and explains some of the

terms frequently found in today's news
—ramjets, air-to-surface missiles, guid-

ance, control, sustainer. space craft,

space vehicle to name just a few. The re-

mainder of the book is an alphabetical

listing of all known rockets, vehicles,

and satellites, from Aeolus, an Aus-

tralian sounding rocket, to Zuni, a Navy
air-to-air missile. Most of the pages have
photographs of some of the devices, often

in action. The last eight pages contain

a catalogue of all successful satellites
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and space probes to July 21, 1961—

a

total of sixty-four shots.

Dr. Newell is also the author of

Express to the Stars (McGraw-Hill), a

very readable discussion of rockets, rock-

etry, and the celestial mechanics needed

to understand the problems of space

flight. Still, it is non-technical enough to

appeal to a child who lacks a working

knowledge of higher mathematics. The
illustrations are drawings, many copied

from photographs. Anyone who wants to

consult the original photos can do so in

Guide to Rockets, Missiles and Satellites.

It is a pleasure to read a good book by

an outstanding expert.

In sharp contrast is Space for Every-

one, by Philip S. Egan (Rand McNally )

.

One-third of this paperback is devoted

to an explanation of our view of the sky

and the solar system from different lo-

cations on the earth's surface. Obviously,

the author devotes so much space to the

complex subject because a feeling for

the spatial relations within the solar

system is important. However, his tech-

nique of repeating a particular discus-

sion from a different angle often results

in confusion. Mr. Egan is apparently

aware of this, because he closes the sec-

tion with a tone of helplessness: "I can-

not emphasize too strongly the impor-

tance of understanding the track of the

Earth in the sky. When you just natur-

ally understand that phenomenon, you

will have the basic mental tool at hand

that will allow you to realize the whole

picture from that day . . . forward."

He next takes up the phases of the

moon, a relatively simple topic, and gets

it all wrong. Then he explains why
planets and satellites have orbits and

stay in them, and in so doing invokes

the myth that centrifugal force balances

the pull of gravity—a common error.

A passing mention of natural satel-

lites, the origin of the solar system, and

a discussion of comets, asteroids, and

meteorites follows, and with this intro-

duction to astronomy, the author

launches into rocketry and a discussion

of manned and unmanned satellites.

It is not clear for what age level this

work is intended; an occasional gram-

matical construction or foreign phrase

appears too difficult for the average pri-

mary student, and the format is too

juvenile for an adult. Space for Every-

one seems to be a book for no one.

Life Beyond Our Planet, by Dan Q.

Posin (McGraw-Hill), is dedicated "To

the Inhabitants of Other Worlds." This

is a timely book on a subject that has

attracted attention for centuries. Dr.

Posin, a physics professor, discusses the

recent effort to detect radio signals that

may have been transmitted from nearby

stars. This effort, which naturally re-

ceived much publicity, was the first in

man's history that had any reasonable

chance of success. To illustrate the dif-



(iriiltics in lliu iirublfiii. llii.' aiilhdr

liri<(ly describes the scale of distances

involved, and then shows how two intelli-

gent communities might begin to estab-

lish a common language by exchanging

universal ideas about numbers and

geometry. Following a simplified discus-

sion of the technical aspects of the

equipment to be used, the author de-

scribes the nature of the galaxy and the

stars in it and in our immediate neigh-

borhood. Naturally, the solar system

receives a great deal of attention, as

does the possibility of life chemistries

based on elements other than carbon.

Although Dr. Posin's writing style is

not so skillfully dramatic as that of

some other professors, the book con-

tains much provocative material. One
would expect, however, that a trained

and practicing scientist would write with

scientific accuracy. Yet. among other

errors, he perpetuates the myth that

Martian satellites may be artificial.

Granted, there are problems about these

satellites that such an interpretation

would simplify. However, the determina-

tion of their very low density, which is

crucial to such an interpretation, was

based on an old paper that has been re-

pudiated within the last two or three

years. Dr. Posin mentions the possibility

of landing on one of the moons of Jupi-

ter, but he fails to make the very exciting

From Express to the Stars

point that a traveler must choose the

particular moon with care, or he might

find himself within the vast and ener-

getic Van Allen radiation belt, which

surrounds the planet. If another edition

of this book is contemplated, it is to be

hoped that an astronomer will be asked

to read the revised version before it is

presented to the public.

The universe is large and there are

infinite ways to write about it. Dr. Heinz

Haber has selected a combination of per-

for naturalists

A History and Natural History of the Elephants

and Their Relatives, Past and Present

by IVAN T. SANDERSON
Unsurpas.scd as a teller of animal tales, the author of The
Monkey Khigdovi turns his attention to that most im-

pressive and awesome of animals: the elephant. He has

drawn on his first-hand experience as a zoologist and ani-

mal collector and on the rich volume of material — some

of it wildly imaginative — that has now accumulated about

the kingdom of the elephantines. Uhtstrated ivith 3) draiv-

iiigs by SiDoxiE Coryx. ^^-^^

CTra^W© HM Tm] iF^m m^mrm
by MARGARET E. MURIE
This is the story of Mrs. Murie's grand adventure on the

Alaskan frontier as a child and young woman in raw,

false-fronted, gold-mining Fairbanks and, sub.sequently,

as trail mate, fellow explorer, and student of Alaska's

Arctic wilderness with her distinguished husband, Olaus

Alurie. A sourdough's, not a tenderfoot's, book about

Alaska. Illustrated by Ol.\us J. Murie. With a viap of

Alaska by R.\f.\el Pal.\cios. $^-9^

Their Meaning in American Life

by FREEMAN TILDEN
ll'ith a Foreivord by Conr.\d L. \\'irth, Director of the

National Park Service. The author of The National Parks

offers as a companion volume this comprehensive account

of the representative recreation areas, historical monu-

rnents, and nature preserves that constitute our state parks.

A useful guide for the tourist and vacationist, and a com-

pendium of detailed information to more than 180 of the

most important state parks. Illustrated ii-ith SO photographs

and 5 viaps. ^^-^0

At better bookstores
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sonally meaningful topics and has made
them interesting in Stars, Men and

Atoms (Golden Press) . Each chapter can

be read with enjoyment as a separate en-

tity, because each is informative and dra-

matic in itself. Two chapters deal with

the history and development of our ideas

about logic, mathematics, atoms, and

space. Another describes the earth in

terms of a model, developed as one might

see it on a screen (although the reader

may occasionally mistake the model for

the real earth). A chapter is devoted to

the sun and one to the history of plane-

tary system studies. Artificial satellites

and a collection of diverse thoughts on

propagation of radio waves, space travel,

weather control, and related subjects are

covered in two chapters. Two others dis-

cuss general concepts of the possibilities

of life in the solar system and other parts

of the universe. One chapter, a clear, dra-

matic explanation of carbon-14 dating.

is unusual in a book primarily about

astronomy. In the form of a scenario, it

describes the trials and tribulations of

our hero, a particular atom of the radio-

active isotope of carbon, from creation to

final breakdown in a laboratory. The last

chapter speculates on whether or not

the universe is infinite.

A few dissonances occur, but they are

hardly important to the book as a whole.

The twenty-pound meteoroid would not

completely vaporize, for instance. Some
hasty editing seems apparent in the re-

lation of chapter titles to content, but

this is not a serious drawback to Dr.

Haber's intelligent, interesting, and easy-

to-read book.

Walter Shepherd has been described

in his native England as "the expert in

scientific explanation." His book. The

Universe (Messner). cannot bear wit-

ness to the validity of such a statement.

Hardly a page is free from inaccuracy

or misunderstanding. Several notably

wrong ideas and a few real errors con-

tribute to the hierarchy of misstatement.

"After a week or so. tlie moon grows to

its first 'half.' which astronomers call the

'first quarter' because even the full moon
is. of course, only the half that faces us.

It then passes through a three-quarter,

or 'gibbous.' phase, to reach full moon
just a fortnight after new moon." It is

apparent that Mr. Shepherd does not

know when third quarter occurs.

"Also, the moon does always turn the

same face towards the earth, and—as

was shown by tiie Russian satellite Lunik

III in 1959—the moon is certainly egg-

shaped and bulges towards the earth."

Lunik III showed nothing of the sort.

The peculiar shape was caused by the

illumination of the moon, which made it

appear gibbous to Lunik cameras.

While discussing galaxies. Mr. Shep-

herd lists a few forms from Hubble's

morphological classification, and re-

marks: "Reading this list downwards,

we see the galaxies passing from youth

to old age." No one is ready to commit

himself on the evolution of galaxies, for

there are still too many imponderables in

this highly complex subject.

These random examples do not ex-

haust the supply of mistakes, but should

demonstrate that simple and complex

subjects are treated with equality. ,

K. L. Fr.^nklin

Botany and Ecology

LAST year the principal criticism of

books on botany and ecology lay in

an abundance of technical errors that

rendered them practically valueless, de-

spite good basic themes. Now. while pub-

lishers obviously cannot always wait for

outstanding authorities in the several dis-

ciplines to write popular books, their lay

writers would be well advised to seek

assistance from a scientist when dealing

with unfamiliar material, and should uti-

lize that help in all phases of the book's

development. Too frequently, however,

an author is hired to turn out a manu-

script within a time limit, and the pub-

lisher appears to believe that his obliga-

tion is only to manufacture and market

an attractive product—with or without

errors. This moral failing is as obvious

in this year's crop of books as it was in

those examined last year.

Among the 1962 ecological volumes,

the special childen's edition of The Won-

ders of Life on Earth (Golden Press),

from the original edition by the editors

of Life and Lincoln Barnett. is the most

impressive, with striking color illustra-

tions on most of its 216 pages. The first

chapters present a historical account of

Darwin's development of his theory of

evolution, illustrated with excellent pho-

tographs and drawings of the Galapagos

Islands and some of the animals whose

ancestors evoked such wonder in the

young scientist during the voyage of

the Beagle. The next chapters describe

various aspects of evolution, including,

among other subjects, mimicry and social

behavior, migration, courtship behavior,

and the ways of primitive peoples. The
last chapters discuss hereditary mechan-

isms, case histories of man's influence on

animal heredity through breeding, and a

capsule review of the evidence of human
evolution and of the development of

major animal groups.

Although The Wonders of Life on

Earth is an excellent contribution to the

list of biology books available to younger

readers, it is unfortunate that the text

was not subjected to a more critical sci-

entific review before publication. Most

unfortunate in a book on this subject is

the suggestion that animals are able to

direct their own evolution. For example,

a moth is said to have "found a way to

take advantage of the sun." when actu-



ally an cNdht'cl pcciiliai ily in uiii^ imsi-

lii>ii is (lesrribed.

Anotiier attiaclivc Ixxik. cramnud
uilli illiistratidns in coliir. is The (roldcii

lliiiik oj Gardening, by Frances Giannoni

Mnilden Press I . This is a thtirougli

ic siiiiit- of oiiuloor and indoor liome-

iiardt-ning niflliods. and is an excellent

;;iii(lf for junior high school or high

~( liool students who wish to raise their

own flowers or vegetables. Again, bow-

1 \<r. the text obviously was not reviewed

liy a competent scientist and its quality

is damaged seriously by anthropomor-

phism and factual errors that will be

apparent even to a beginning botany

sliident. For example, photosynthesis is

~aid to "turn . . . carbon dioxide into

slaich." and that "most plants later turn

ihis starch into sugar." Repeatedly.

plants are said to obtain food from the

-(ill. Fortunately, most of these errors are

( niiHned to the first few pages of the

I k. Later sections give directions for

the planting and care of various orna-

iiitiital plants and vegetables.

From From the Eagle's fFing

Three volumes in this year's group are

devoted lo the fascinating profession of

the forester. The most thorough, accu-

rate, and up-to-date is Logging, the Story

of an Industry, a Sunset Junior Book

(Lane) by Arthur S. Taylor. Jack Sut-

ton, and Bart Benedict. Accompanied

by excellent color and black-and-white

sketches, the book describes old and new-

techniques of harvesting, forest protec-

tion, and forest management in the west-

ern conifer forest.

Rain Forest, by Bill Brown (Coward-

McCann). takes up the Pacific North-

west forest region. There is little about

the forest as such, and perhaps that is

fortunate, for this author lapses into the

use of teleology when he treats basic

nahiral hi~lory. The inos| ub-orbin;;

chapter of the hook li-lls of the preserva-

tion of the magniliiiiil Itull Creek stand

of coast redwoods and the sul)se(|uenl

threat to the stand caused by improper
logging on highec sections of the water-

shed. Other chapters describe the tree

farm system, review the history of

logging and conservation action in the

region, present a rather trite description

of action during a forest fire, discuss

superior hybrid trees, proposed new har-

vesting techniques, and products that

may be derived from wood. The book is

illustrated with a number of fine black-

and-white photographs, well integrated

with the text.

In contrast, the third hook on forestry'.

Science and the Forester, by Leslie Wolf!

(Criterion), with the American edition

prepared by Iris Vinton, is a thoroughly

British treatment spiced with a number
of photographs of .American forest scenes

that are largely unrelated to the text.

It is a story of how a young man's inter-

est in forestry is stimulated, of his sub-

sequent training, and of his duties as an

English forester. As realistic as it may
be for the English setting, and despite

the American illustrations, the book

gives an unreal picture of the life of a

professional forester in this country.

A volume that should be welcomed by

young American naturalists is Peter

Thomson's !f onders of our National

Parks (Dodd. Mead), which brings sev-

eral of these wonders within its covers in

twenty-one fine black-and-white photos.

After a short chapter concerning the his-

tory of the National Park Service and

a general account of the duties of its

field personnel. Mr. Thomson presents

succinct descriptions of Yellowstone. Ha-

waii. Crater Lake. Sequoia. Everglades,

Grand Canyon. Zion. Bryce Canyon.

Mesa Verde. Carlsbad Caverns, Mam-
moth Cave. Mount McKinley. Mount
Rainier, and Yosemite National Parks.

This Crowded Planet, by Margaret O.

Hyde (Whittlesey House), is intended

to acquaint the reader with the serious

problems civilization faces as a result of

the rapid increase of the human popula-

tion, the increasing demand for space

and energy, and the overwhelming drain

on natural resources by modern industry

and transportation. The book reviews

possible answers to these problems, from

technological advances in mining and

refining to desalinization of water, sea-

farming and sea-mining, nuclear energy,

and space exploration. Mrs. Hyde's goal

is admirable and its concept vital, but

the book is a hodgepodge of loosely re-

lated facts and "Ripleyisms" that grow

dull by virtue of their abundance. Many

of the topics are covered so superficially

that there is little hope the average young

reader will gain a genuine understanding

of the basic problems.

Four of this year's books are readable,
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authentic, "dramatized" biographies oi

famous naturalists. Trails of His Own, by

Adrienne Grossman and Valerie Beard-

wood (Longmans. Green ) , and From the

Eagle's Wing, by Hildegarde H. Swift

(Morrowl, tell of the unusual life of

John Muir. a Scotch lad who became
one of the most effective leaders in the

American conservation movement and
played a central role in the establish-

ment of our national park and national

forest systems. Although both of these

biographies are well written. From, the

Eagle's Wing exhibits more careful and
extensive research.

Plant Explorer, by Beryl Williams

and Samuel Epstein (Messner), is the

biography of David Fairchild. the pio-

neering botanist of the Department of

Agriculture who was responsible for in-

troducing many new crops to the United

States. This is a well-written, intimate

story of a world-roving naturalist, but

more important, it contains many of the

words of suggestion and criticism offered

to the youthful Fairchild by several

world-renowned botanists who were
members or close friends of his family.

These are equally pertinent today, and
the modern young naturalist will benefit

from them as much as did Fairchild.

Another biography. Beloved Botanist,

by Adrien Stoutenburg and Laura N.

Baker (Scribners), is the story of the

life of Linnaeus, the eighteenth-century

Swedish naturalist who formulated the

binomial system of biological names and
the sexual system of classification. Of the

four biographies, this seemed to me the

most overdramatized and least informa-

tive. It is well written, with smoothly

flowing dialogue, but it lacks insight into

the meaning of Linnaeus' contributions

to science; it fails to give the proper

interpretation of his work from a modern
standpoint; and it does not communicate
a feeling of real personal acquaintance

with the subject.

The last two books are related in that

both offer an opportunity for personal

experimentation. Anyone Can Live Off
the Land (Longmans. Green), is by

James Ralph Johnson, a Marine Corps

major who has briefed pilots on survival

in Korea, has attended survival schools in

Japan and England, and has been a Boy
Scout field executive. His book is a col-

lection of instructions for finding food,

building shelters, cooking wild game,
finding one's way. and avoiding toxic

plants and dangerous animals in the out-

doors. The novice camper will find many
helpful suggestions, and the experienced

one will discover a number of new ideas

to test on his next trip. Some of the

material included is of dubious quality,

in my estimation, but I have yet to give

them fair field tests. The one section that

"^ guidebook to the glittering

of astronomy's Golden Age"
-HARLOW SHAPLEY

In ASTRONOMY OF THE 20TH
CENTURY the eminent astronomer.
Otto Strtive, and his research assistant,

Velta Zebcrgs, have written an im-
portant history of the major astro-

nomical achievements of the past
sixty years. Among the subjects cov-

ered are photography of the Milky
Way, exploding and pulsating stars,

the physics and origin of the solar

system, island universes, stellar struc-

ture and evolution, spectral classifi-

cation, and radio astronomy. The
book includes an examination of today's practical work, and
speculation on the future. Leading scientists say:

Harlow Shapley, emeritus director, Harvard Observatory: ''The

most appropriate astronomer in the world for the writing of an
account of modern astronomy is undoubtedly Otto Struve."

Wernher von Braun, NASA Director: "The authors accomplish
for 20th century astronomy what Professor Arnold Toynbee might
like to do for the history of mankind. ..an outstanding publication
of 1962."

/. Bernard Cohen, Professor of History of Science. Harvard
University: "Any reader who is interested in science in the 20th
century will not fail to be stimulated and enlightened by the thrill-

ing presentation." $12 50

More than 200 photographs and diagrams MACMILLAN

should be considered unreliable is tha

on wilderness first aid. Anyone plannini

a hiking or camping trip into a secludec

area should be sure to take along prope
first-aid equipment and professiona

medical instructions.

Morris Goran's Experimental Biolog')

for Boys (Rider) is a formal presents

tion of simple experiments that can bf

carried out in an inexpensively equippec

home laboratory, and that should resuli

in a better understanding of basic bio

logical principles. However, the book

provides insufficient information for the

interpretation of many of the experi

ments. This could be remedied by sup

plementary reading in a local library or

in standard high school biology text

books. Inexcusably, the text contains an

thropomorphisms and teleological state

ments that detract from its scientific

authority. Furthermore, the term "life"

is confusingly used in place of "living

organism," and the experiments, while

individually interesting, do not progress

logically from one to the next.

Jack McCormick

Geography, Geology

and Paleontology

Books on geography, geology, and

paleontology examined this year

show a definite increase in quality over

those reviewed a year ago. Of the sixteen

books mentioned below, eight are rated

as excellent, five as fair to good, and

only three as downright poor. Books on

glaciers, icebergs, and the Antarctic

are extraordinarily popular, comprising

nearly one-third of the selection.

Geography, a volume in the Double-

day Pictorial Library, lists Gordon Man-
ley, Gerald Barry, J. Bronowski, James

Fisher, and Julian Huxley as the edi-

torial board. It is often said that nothing

original comes from a committee, and

upon first reading the preface to this

volume, one is tempted to conclude that

editorial offices, like admiralties, have

followed the dismal upward spiral of

Parkinsonian growth.

Yet, astonishingly, a team of eleven

writers has been not merely productive,

but creative. The purpose of their enter-

prise, as stated in the preface, deserves

to be quoted here if only because they

have managed to fulfill it.

"Geography is the third volume in a

comprehensive survey of human knowl-

edge intended for the family.

"This is not an alphabetic volume. It

is . . . systematic. But with its specially

detailed glossary, statistical guide and
index, it has not only the advantages of

a conventional alphabetic encyclopedia,

but others far deeper besides.

".
. . we believe that we have found

a logical approach. The first half of this



book starts historii-ally. with those

first geographers — the exphirers — and

broadens . . . into an analysis of the

whole fare of the earth, from the physi-

cal, human and economic points of view.

"It is tiie second half that concentrates

on rcginnnl geography, at a stage when
the reader has already grasped deep

jirinciples. Each ciiapter in this half

deals with a region's physical features;

next with its economic resources; then

with its peoples and their ways of life;

and finally with the region's position in

world affairs."

The text is a delight to read: crisp,

informative, and tasteful. Diagrams and

jiliotographs have been drawn and se-

lected with great care and imagination.

Color maps of the continents are breath-

taking. Important concepts are brought

into focus sharply by the apt and often

witty selection of illustrations. This is a

distinguished book for the entire family.

Upon hearing the name Alexander

von Humboldt, most scientists and many
laymen think only of the oceanic current

that was named for him. Historically

oriented books of or about science com-

monly contain brief references to his

work and then pass on to other matters.

That the name von Humboldt should fall

into semioblivion is remarkable when
one considers the scope, volume, and

quality of his work. Beginning in 1796

with his first published book (on gal-

vanism ) . he worked tirelessly and orig-

inally in a staggering variety of fields,

publishing voluminously in all of them

until the middle of the nineteenth cen-

tury. In anthropology, he gave the world

its first glimpse of Aztec. Inca. and

Mayan cultures, and made the first inter-

pretation of the Aztec calendar. In

astronomy, he worked with Herschel on

planetary movements. He was the first

to establish the geographic distribution

of plants, and the first to evaluate the

influence of climate and altitude on their

growth. He laid the foundations of the

science of geography, made pioneer re-

searches on terrestrial magnetism, and

was first to study and identify circum-

oceanic volcanic chains. Although he

never visited the west coast of South

America, by studying climatic patterns

he correctly deduced the existence of the

major current that now bears his name.

With all of this, and much more, to

his credit, we may wonder why Hum-
boldt's name is not better known today.

The answer is twofold, according to Val

Gendron. author of The Dragon Tree

( Longmans. Green ) . Humboldt could not

bring himself to blue-pencil his writings,

and as a result his numerous books are

enormous, little-read tomes in the rare

book rooms of libraries. He also had the

misfortune to be followed on stage by

Charles Darwin.

In this outstanding biography, the

author has dusted off von Humboldt's

Work, made juclicioiis (xUacIs from it,

and presented the man and the scientist

to us for inspection. Readers will profit

from and enjoy this book, and learn of

science by observing the education ami

growth of a true pioneer.

Volcanoes in Action, by Lynn and
Gray I'oole (McGraw-Hill), is an excel-

lent, well-illustrated, and accurate book

about volcanic phenomena. An adequate
coverage is given to scientific theory, but

the main stress is on a description of

volcanoes and volcanism. The human
interest factor is maintained tastefully,

and at a high level; the young reader's

attention will not falter. Classic events

such as the birth of the volcano Pari-

cutin, witnessed by young Pedro Pulido

in central Mexico on February 20, 1943,

are well told, as are less-known stories.

From Volcanoes in- Action

Not quite up to the standard of the

Pooles' work is Volcano!, by Walter

Buehr (Morrow)—a good, short, accu-

rate, and interesting book about vol-

canoes. More care should have been

taken with illustrations, and for the in-

tended age group the theoretical matter

is too abstract. The description of the

disaster in Martinique when Mt. Pelee

exploded in 1802. is an exciting story

well told in the best Walter Lord man-

ner. The accompanying picture of the

fire cloud is appropriately horrifying.

Volcanoes and Earthquakes, by Robert

Irving (Knopf), is a short, undistin-

guished book, marred by poor illustra-

tions. The section headings are often

unnecessarily sensational: "Funeral of a

Town"'; "A Volcano's Bad Breath.''

A spate of books published this year

covers various aspects of glaciers, gla-

ciology. and the geology and exploration

of the Antarctic. Antarctic Adventure

(
Dutton ) . by Sir Vivian Fuchs. leader of

the 1955-58 Commonwealth Trans-Ant-

arctic Expedition, heads the list. It is.

naturally, authoritative. It is also well

illustrated with photographs, floor plans

of remote habitations, and other details

appealing to boys. The text is well done,

and breathes adventure.

With breathtaking photographs

and informative text

THE WORLD
OF THE

WHITE-TAILED
DEER

By LEONARD LEE RUE III

The \vell-l\no\\n naturalist. Leitiiard Lee

Rue III shows in intimate detail a full

twelve months in the life nf a \shite-lailed

deer. From a newly-horn fawn in the spring,

through the quiet summer and the mating

season in the fall, tn the cruel winter with

its feverish, sometimes hopeless search for

food.

THE WORLD OF THE WHITE-TAILED
DEER is a classic of its kind—a beautiful

book, containing much information that is

not generally known, about one of the most

appealing and camera-shy animals in the

world of nature. S4.95

You'll also enjoy:

DISCOVERY:

Great Moments in the Lives of Out-

standing Naturalists Edited by JOHN
K. TERRES S6.50

J. B. LIPPINCOTT COMPANY
Good Books Since 7 792

Pliiladelphia and New York



DR. RENE DUBOS

The Unseen World

A revealing introduction to

microbiology. Dr. Rene Dubos
of The Rockefeller Institute

relates historical background
to contemporary findings in

his sprightly presentation of a

teeming world influencing all

of our lives, -x- A book for

reading ^ and giving. $4.75

m

The RockL-lcller Iriililulc I'low c\

Oxford University Press • New York

Caribbean

Seaskells

A guide to Ihe Morine Mollusks of Ber-

muda, tfie Wesl Indies and Southern

Florida.

44 pages of superb photographs-
some in color.

The only guide to the seoshells of the

Caribbean—a paradise for collectors.

By Germaine L. Wormke, institute of Ma-
rine Biology, Puerto Rico, and R. Tucker

Abbott, Academy of Natural Sciences,

Philadelphia. Chapters on how and
vjhtitfi to collect. Distributionol maps.
Second printing.

A beoutiful and cherished gift for shell

collectors everywhere. 368 pages $8.95

postpaid

A LIVINGSTON SCIENCE BOOK

Science Book Se

Narberth, Pa.

Another excellent, authoritative book

for the older child is Defrosting Antarc-

tic Secrets, by Henry S. Francis, Jr. and
Philip M. Smith (Coward-McCann). The
text is directed to young men. perhaps

a bit too pointedly at times, but many
readers will wish they were Antarctic

scientists. Details of life in camp are

combined with a good summary of the

scientific results achieved to date. Ques-

tions as to the depth of Antarctic ice

and the age of the snow cover are treated

with accuracy and style. A fascinating

photograph of the interior of Scott's

camp when it was opened forty-seven

years after his death is included.

From The Making of Man

McMurdo, Antarctica, by William

Bixby (McKay), is a rather good book

for the older reader. It is primarily a

history of Antarctic exploration in the

McMurdo Sound area. Scientific matters

are played down, but as an adventure

story it is well done. One unfortunate

feature is the poor quality of maps and

the lack of illustrations.

Two fine books for the younger age

group are Danger! Icebergs Ahead!, by

Lynn and Gray Poole (Random House),

and The First Book of Glaciers, by Re-

becca B. Marcus (Watts). The first dis-

cusses a limited but fascinating subject.

The illustrations are arresting; the text

is clear and accurate. The second, too, is

well written, informative, and accurate.

Boris Arnov, Jr. and Helen Mindlin

had a clever idea in basing a book on

exploring the earth with a Jules Verne

type of underground vehicle. Unfortu-

nately. //isifZe Our Earth { Bobbs Merrill)

is an inferior product. In addition to

some glaring errors (the explorers come
upon underground caverns and streams

five miles down!), the interludes be-

tween adventures are used to strike off

on too-varied and often inappropriate

short scientific explanations.

In another area. Ancient Animals of

America, by W. W. Robinson (Ritchie),

is an unsatisfactory attempt to develop

interest in fossil monsters. The text is

jumpy and filled with disconnected ideas

and descriptions. No attempt is made to

view underlying processes of interest

and importance. Inexplicably, the illus-

trations are all done in green ink, cre-

ating an unnecessarily macabre mood.

On a considerably higher level is Pre-

historic Life on Earth, by Kai Petersen

(Dutton)—a good, sound, nicely illus-

trated book. It contains a careful state-

ment of modern ideas on the process of

evolution and a panorama of the history

of life as shown by the fossil record. The
latter portion, however, is too detailed,

and would have been more effective if

it had been pruned.

An excellent, accurate, beautifully

illustrated book is The Making of Man,
by I. W. Cornwall and M. Maitland

Howard (Dutton), whose main empha-

sis is on the physical anthropology of

fossil men. The text is meaty with facts;

speculation is minimized.

Miracle Metals, by Ellsworth New-
comb and Hugh Kenny (Putnam),

should serve primarily as a reference for

students who are writing essays on

metals and metallurgy. The early part

of the book is written down embarrass-

ingly, while the latter part contains tech-

nical details of considerable complexity,

creating an imbalance in the whole.

As a theme on which to hang a book.

Carbon-14, by Lynn and Gray Poole

(Whittlesey House), runs rather thin.

Although ingenious and useful, it falls

somewhat short of the mark and would
be improved if cut by half. Subjects such

as oil-finding, for instance, are dragged
in as space-fillers. The book explains the

carbon-14 dating method, which is of

such importance in many historical

sciences, and that portion concerning de-

scriptions of the method itself and its

various applications are well done.

John Imbrie

Zoology

ONE trend in biological education is

toward presentation of concepts

and facts—formerly reserved for the

high school level and beyond—to the

younger students, who are now offered

varied selections in many areas, which

in previous years they could not hope to

explore until well into their teens. How-
ever, there are many facets of biology

that cannot be truly understood until a

student has acquired a broad back-

ground and until he is sufficiently ma-
tured to place ideas in perspective. Thus,

the burden of presenting advanced con-

cepts rests upon the author, who must

give ample background, place the con-

cepts in perspective, choose his sub-

ject matter wisely and well, and separ-

ate the important from the unimportant.

Diluted versions of books written for

older children are not always satisfac-

tory, since simplification of language

does not necessarily result in clarifica-

tion of ideas. Moreover, the author must

see to it that there is a generous and

judicious use of visual aids, especially



mportant in biology. This does not al-

ways require more pictures, but can be

handled by better and more cohesive

interweaving of text and illustration.

Of the fifteen books reviewed, two

deal with contemporary research, and
both autiiors are to be admired for

tackling the ciiallenge of presenting find-

ings being made in laboratories today.

The Language oj Animals, by Millicent

E. Selsam (Morrow), is a well-written,

factual story about how animals com-

municate by sound, scent, and visual

signals, singly or in combinations. The
author has taken great care not to treat

her animals as humans, and she points

out that animal communication is not

language in our sense. Mrs. Selsam dis-

cusses fish behavior, frog calls and mat-

ing, vibrations and snake charmers, bird

songs and courtship, and the sounds of

mammals. The book ends with a descrip-

tion of dancing bees and the glowing

light messages of fireflies. It is unfor-

tunate that a book of this quality is

marred by a low illustration budget.

The second book is a noble and bril-

liant attempt to explain DNA. This is a

fundamental component of all cells: its

influences pervade the body and shape

the future of animals and of plants, and

it is important for all of us to under-

stand something of its nature and its

possibilities. Within the pages of Life's

Key-DNA. by Carleen M. Hutching

(Coward-McCann ) . one can find recent

research evidence from here and abroad

about the structure, chemical compon-

ents, and location of DNA, of DNA in

heredity and in protein synthesis. The
illustrations, mainly photographs and

diagrams, are magnificent. There are

well-chosen electron micrographs of

DN.\ molecules, some of which are mag-

nified 300.000 times, and there are ex-

plicit line drawings of the possible

structure of the molecule. And. in order

to make sure of comprehension, the

author tells how to construct a do-it-

yourself, take-apart model of DNA.
In spite of its excellence, the book will

present problems to readers without

some smattering of biochemistry and its

terminology. Nonetheless, the author de-

serves an accolade for writing about this

topical and exciting area of science that

is changing so rapidly her book may be

out of date overnight. If so. I hope

another one will be forthcoming.

Among the remaining books, only four

can be rated excellent on the basis of

clearly written, accurate, and up-to-date

textual material accompanied by illus-

trations of high quality. These are scat-

tered through the three main themes of

general biology, zoology, and marine

biology. The other books are uneven.

They have good texts with poorly chosen

or poorly drawn illustrations; they are

well illustrated with only fair texts; or

they are poor in both categories.

TiiF.RK are several entries on general

biology this year. The Science of Life,

by Louis and Lois Darling (World), is

a splendid example of excellence. The
Darlings know how to prepare a book
and are wise in the ways of selecting per-

tinent and important concejits. Written

for the high school student, it is a com-
prehensive survey of biological prin-

ciples with examples, found in a variety

of animals, demonstrating these prin-

ciples. Information about the biosphere,

cells and metabolism, the organization of

living systems, reproduction, genetics,

evolution, and ecology is up to date,

accurate, and clearly expounded. The
illustrations are drawn by the authors'

talented hands; in addition to being

beautiful, they are well labeled and in-

telligible. I recommend the book highly.

For the younger reader. The Giant
Golden Book of Biology, by Rose Wyler
and Gerald Ames (Golden Press), is quite

charmingly illustrated. The attractive-

ness and profusion of stylized animals,

plants, and molecules make the pages

pleasurable to peruse. Even the young
non-reader will be enchanted with the

pictures. Its biological coverage is broad

and comprehensive. According to the

authors, they were guided in their selec-

tion of material by the reports of the

Committee on Education of the AIBS
(American Institute of Biological Sci-

ences). They discuss, to name but a few

topics, the chemistry of plant cells,

photosynthesis, the chemistry of animal

cells. DNA. genetics, behavior, evolu-

tion, physiology, the systems of the body,

the origins of life, and the problems of

living in space—which I am sure a num-
ber of their readers will do in time. The
subjects are clearly presented, the writ-

ing is simple, and the contents are accu-

rate. The book is indexed, and has a

preface by George Wald. the eminent

biologist at Harvard University. All in

all. a delightful book.

When I picked up Ethel Hanauer's

book. Biology for Children (Sterling), I

expected to find a biological text. In-

stead, it turned out to be a series of

experiments with plants and animals

that, with the exception of a microscope,

require only easy-to-find equipment. It is

the kind of book that should be used

with a regular biological text, since it

contains relatively little on biological

principles. There are diluted versions of

experiments found in first-year college

courses on molds, stems, roots, leaves,

flowers, physiology of plants, how to

collect leaves and ferns, and so on. Ap-
proximately two-thirds of the book is

devoted to plants, the other third to ani-

mals. This is just as well, as the animal

section is the poorer of the two. The
illustrations of the experimental ma-

terial are evidently executed by some-

one who does not know how to draw, and

they are unlabeled. The print in the

Beneath The Surface

lie the treasures of the ages av/aiting

the archaeologist's spade.

All over the world history is being

written and rewritten by those who
know how to interpret what they

have excavated from the earth.

ARCHAEOLOGY
a beautifully illustrated quarterly,

features reports of the latest dis-

coveries in the Old and the New
world, written by specialists in non-

technical language.

Our readers say:

"Each and every issue is a treasure."

"I am impressed by (lie magnificent photos

and the variety of the articles."

"One of the very best magazines I have

come by."

For your own enjoyment, for a Christmas

gift of lasting pleasure, may we suggest

ARCHAEOLOGY. An attractive gift card

will be sent in your name.

S5.00 a year. Same rote for foreign mailing.

Make checks payable to ARCHAEOLOGY.

ARCHAEOLOGY, Dept. N12
5 Washington Squore North, N.Y. 3, N.Y.

Send ARCHAEOLOGY for . year(s) to:

(Published by the Archaeological Institute

of America)
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A thorough investigation, superbly

illustrated, of the evolution, in-

stincts, social behavior, migration,

and anatoiTiv of birds

BIRD
\vrittcn and illustrated by

Lois and Louis Darling

"... It's a volume that de-

serves a special place of honor

among books written about birds

and their ways." Boston Herald

$5.00 at all book stores, or write

Houghton Mifflin Co.

2 Park Street, Boston 7, Mass.

CHRISTIAN OIL LAMPS . .

.

FROM ANCIENT PALESTINE!
Recently excavated: GENUINE Terrc-Cotto oi

lamps (4-7 Cent. A.D.). Found in early Christiar
necropalis, placed on tombs on "AM Saints" Day
Attractively difFerent Christmas gift, display foi

home and office! Gift boxed, certificate of authen
ticity. Ready for immediate holiday shipment . .

Only S10. ppd
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I A wonderful spot for youngsters 7-12

J
years of age! Here in the beautiful

1 Berkshires our special facilities and
', expert staff is ready to help those in-

[
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J
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inde.x is unreadably tiny. However, the

ideas for simple experiments will be use-

ful in the classroom and, if parents are

indulgent, in the home.

Three other books on biology deal

with more specific subjects. One for the

younger set. The Wonder That is You, by

Charles Gramet (Abelard-Schuman), is

a simply written and easy-to-read book

about human biology. Its makeup is

unusual, composed of blue, white, and

yellow pages that alternate non-sequen-

tially, so that while the appearance of

the book is gay. it is also distracting.

The body's systems are compared to

mechanical structures, and the body is

treated as an engine. The author care-

fully tries to avoid overwhelming his

reader with words he considers too diffi-

cult. For example, when he describes

the functions of six systems, he never

once names them. Instead, he refers to

the digestive system as the one that

makes food ready for the cells, and the

excretory system as the one that gets rid

of wastes that are carried by the blood.

I am sure many of his readers could

cope with a word such as "digestive." He
refers to the eye as a camera, assuming
that a child knows how a camera op-

erates. Unfortunately, he has reduced

his explanation to erroneous simplicity,

with the result that he writes down. Al-

though the illustrations are cartoon-like

and humorous, they are poorly labeled

and so stylized they may be confusing.

Two books for younger readers deal

mainly with reproduction in animals and
in plants. They are for children who have

studied some biology and who would
like to have more information about re-

productive processes. Reproduction and

LAMELLAE

From The Science oj Life

Sex in Animal Lije (Abelard-Schuman)

is a second entry by Charles Gramet. He
Clivers asexual reproduction (cell divi-

sion, budding, regeneration of parts)

and sexual reproduction; he describes

such various facets of reproduction as

breeding seasons, mate selection, court-

ship displays, and parental care, and
modestly describes human courtship and
sexual behavior.

anal

Although there are no glaring error

in the book, there is insufficient detail ii

certain explanations, and a subtle juxta

position of some phrases that might givi

rise to serious misunderstandings. Too
the author has pat answers as to wh^

some girls are tomboys and some boys

are effeminate—it's all hormones—anc

I am certain current researchers will bi

pleased to know that Mr. Gramet hai

solved a thorny problem for them. Thf

inclusion of this kind of material doei

not indicate the wisest of choices. Th«

illustrations, photographs, and drawings

are easily overlooked, and do not en-

hance the text.

Hoiv Life Goes On, by Irving Zeichner

(Prentice-Hall), is devoted to a survey

of the salient similarities in animals and

plants. Zeichner starts out with asex-

ual reproduction (cell division, budding

sporulation, regeneration of parts from

cuttings). He describes alternation of

generation in ferns, in which one gener

ation reproduces sexually and the next

reproduces asexually. He covers seeds

eggs, sperm, and reproduction in fish.|fl

Amphibia, birds, and mammals. Nothing! d

is treated in depth, and the book con-[

tains its share of inaccuracies. For ex-

ample, a child born after four months

gestation might "survive." Not so.

It is clearly written, and the text is

easy to follow. The illustrations are poor

and useless; they neither extend nor

clarify the text.

FOUR books on special topics in zoo-

logy are reviewed in descending

order of merit. Far in the lead is Big

Cats, the excellent Junior Science Book
by Robert S. Lemmon (Garrard). At-

tractive, scientifically accurate, and

beautifully illustrated in tones of gold,

it covers the biology, food, habits, meth-

ods of communication, and senses of big

cats, and suggests a number of observa-

tions—such as pupil size in dark and
light—that a child can make on his or

her own smaller feline. There is history,

too. of domestication and of the "god-

like" Egyptian cats. One of the book's

drawbacks is that, unfortunately, it will

make many children want to have a big

cat as a pet.

American Animals, by Dorothy
Knight, with photographs by Leonard
Lee Rue III (Arco), is a word and pic-

ture guide that contains descriptions of

forty-eight mammals a child might

find around his house, in the park, in

woods, or in the mountains. Mr. Rue
presents some good photographs of rac-

coons, muskrats. wolves, fawns, bears,

beavers, and so on. and each photograph

is accompanied by a one-page descrip-

tion of the animal's habits, including

food and care of young. It is not a unique

book, as it resembles many publications

that attempt encyclopedic presentation

of a special subject. The system of chap-



ter headings is uneven; for f'\;un|)le.

the author starts out witli food habits as

a system for grouping and then shifts to

anatomical characteristics. In addition,

there is a tendency toward loose use of

the term "family." Family, in zoological

classification, has a specific meaning and
it cannot be interchanged wilii Order.
The author frequently mixes the two.

The next two books add to the already
vast clutter of mediocrity presented to

children. Nature Adventures, by C. B.

Colby (Dial), is a diffuse collection of

sixty-one mammal stories, obviously first

written for some newspaper or magazine
column, that have been bound in one
cover without a unifying thread, except

that of the binding. There are chapters

on horns and antlers, paws and tracks,

hoofed mammals, carnivores, rodents,

and advice on what to do if a skunk falls

into your cellar. Taken one at a time,

these .stories might be interesting; as a

collection, they are monotonous. The
author's illustrations are good line draw-

ings, except for those in the first several

chapters, where the labeling is hard to

follow. The index is merely an alpha-

betical rearrangement of the table of

contents and is of little help.

From Scales to Fancy Feathers, by
lona Seibert Hiser (Rand McNally I . is a

bird watcher's experiences in the South-

west. It is chatty, banal, prosy, and dull.

The illustrations are ordinary. Although

the title implies an evolutionary study.

the first chapter tells only a little of birds'

reptilian ancestry, which is probably just

as well, for Mrs. Hiser's knowledge of

evolution is pre-Darwinian. She states

that "when muscles are not used they

become very weak—so if generation

after generation of any kind of animal—
whether bird, man or some other crea-

ture does not use certain muscles, they at

last become useless." This concept. Mrs.

Hiser. has not been accepted for many
decades. For anyone interested in read-

ing it, the book is a highly personalized

account of the author's contact with a

vast number of birds, many of which

visited her terrace. It has an index, a sug-

gested reading list, and the location of

bird sanctuaries.

Wic have but a few entries this year

on oceanography and marine bi-

ology. One is a joy to look upon. It is

The Book of Sea Shells, by Michael H.

Bevans (Doubledayl. His illustrations

are exceptionally well drawn, accurate

in dimension and in color. The author

does not pretend that the book is more
than an introduction to shell collecting,

and he identifies only 200 of the thou-

sands of mollusks. A few samples of each

of the five major groups are described

and illustrated, and the author lists their

geographic ranges, foods, size limita-

tions, and their commercial uses, if any.

both past and present. Unfortunately, the

large size of iht- book makes it clumsy
to carry along on shell collecting expedi-
tions, but it is a wonderful reference for

the end of a day. This past summer we
spent many hours collecting shells on
tropical beaches in the Caribbean, and
found every shell type within the pages
of this beautiful book. I str(mgly recom-
mend it to novice collectors of all ages.

From Life's Key—DMA

In sharp contrast to the above example
of the book craft, we have Ocean Harvest,

by Helen Wolff Vogel and Mary L.

Caruso (Knopf I. It tells about the ocean

as a harvesting ground, and surveys

whale hunting, oyster farming, oil drill-

ing, algae gathering, water distillation,

and mineral mining. It is not a good
book, and contains many inaccuracies,

one of which is a particular beauty. The
authors state that in order to use an

aqualung, "you must put on goggles or

a face mask to protect your eyes from

the stinging salt water." I have always

thought that masks are worn in order to

prevent vision from blurring severely. I

think the authors have never been to sea,

but have explored the ocean only from

their library tables.

Although not about the sea itself. Ex-

ploring the Seacoast, by John and Jane

G. Perry (Whittlesey House), is a fine

introduction to the study of the sea. and

the title describes its contents. It is a

chatty narrative about a family's adven-

tures with flora and fauna on the beaches

of the eastern United States, particularly

the barrier islands. The writing is charm-

ing and the book is a perfect one to read

before exploring a sandy ocean beach.

Evelyn Shaw

Free reprints of the 1962 Christmas book

survey are available to librarians and
teachers who write us on their official

letterhead. The flood of 1961 requests,

however, forces us to ask that stamped,

self-addressed envelopes be enclosed.

Address: Reviews. Natur.al History,

79th Street and Central Park West. New
York 24. N.Y. Others who wish copies

may obtain them at cost— 20(' a piece.
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A TREASURY
OF BIRDLORE

Edited by Joseph Wood Knitch
and Paul S. Eriksson

Why does the lore of birds

continue to fascinate men? A
rich and rewarding answer
is given in this magnificent
anthology, including pieces
by Rachel Carson. John Kier-
an, James Audubon, and
nearly every other significant

American naturalist.

32 pages of illustrations, in-

cluding portfolios of 4 great
ornithological illustrators.

$7.50 at all booksellers.

DOUBLEDAY

"A book^
to make

natural-

ists of

us all!"
- THEODORE H. REED, Direclo

National Zoological Parl<, Washington, DC

Fascinating realities of the living world at
our very doorstep. "- Thornton W. Burgess.
"Written with a fine touch . . . like a
pleasant breath of country living ' -
Edwin Way Teale. Well stocked with close
observation of the outdoors. '- Hal
Borlond. Fluently occurote natural his-
lory.' - William D. Sargent, DepI of
Biology, CCNY

They're cheering for —

LAND ALIVE
by RONALD N. ROOD. Presenting the

land, the water and the air as theatres

where countless dramos- comic and
tragic— are enocted seosonally, here is

the world of nature at one family's door.

The scene is a 100-acre section of brook,

field, and forest in rural Vermont, but it

could be duplicated in many outdoor
settings the world over. Illustrated by
Edword Brundoge. Cloth, S4.50QAt book stores, or postpaid from

STEPHEN GREENE PRESS
120 Main St., arallleboro, Vermont
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Hunt IS

of Savoonga
Eskimo economy is based on walrus herds

By Edmund Carpenter

ST.
Lawrench Island is a storm-

lashed rock in Bering Strait. Tem-

peratures average far below freezing

and never exceed 65 degrees. Winds

of up to 100 mph blow most of the

snow from the land. Snow or rain

occurs nearly every day; the sky is

rarely clear. It is a land that possesses

only one asset: walrus.

Local Eskimos are completely de-

pendent upon them. In the winter of

1879, hunters engaged in a prolonged

debauch with liquor acquired from

whalers missed the walrus herds going

by on the November ice. The follow-

ing summer John Muir, the famous

naturalist, who was then on the U.S.

revenue cutter Corwin, witnessed the

appalling result:

"We found twelve desolate huts

close to the beach with about two hun-

dred skeletons in them or strewn about

on the rocks and rubbish heaps within

a few yards of the doors. The scene

was indescribably ghastly and deso-

late, though laid in a country purified

by frost as by fire. Gulls, plovers, and

ducks were swimming and flying about

in happy life, the pure salt sea was

dashing white against the shore, the

blooming tundra swept back to the

snow-clad volcanoes, and the wide

azure sky bent kindly over all—nature

intensely fresh and sweet, the village

lying in the foulest and most glaring

death. The shrunken bodies, with rot-

ting furs on them, or white, bleaching

skeletons, picked bare by the crows,

were lying mixed with kitchen-midden

rubbish where they had been cast out

by surviving relatives while they )et

had strength to carry them."'

Male walrus sleep in the summer sun.

Rivalry, which seems non-existent here,

becomes evident when females arrive.

0\cr two-thirds of the islands esti-

mated |)opulation (tf l..S()() had died.

The total absence of children's bodies

led Muir's companion, Edward Nelson,

to the conclusion that they had been

eaten. In the brutal realities of this

land, children who could not survive

if left to themselves had to be sacri-

ficed to save adults who could preserve

skills essential to Arctic survival.

There was ample food here, how-

ever, for alert hunters, and the sur-

vivors held their own. Bering Strait

funnels an incredible cjuantitv of sea

life in and out of the Chukchi Sea-
walrus, seal, whale, sea lion, char,

salmon, herring, and tomcod. St. Law-

rence Island stands dead center in the

mouth of the Strait, and here, along

the shores and in the bays, the island-

ers took their tithe from the sea.

TRADITIONALLY, walrus were killed

with harpoons and lances. When
the sea currents were stilled by Jan-

uary weather, the hunter stalked the

sea ice along the northern side of the

island, miles from his village, armed

with a harpoon, coiled walrus-hide

line, lance, ice-tester, and knife. His

dogs helped him locate fresh breathing

holes, and beside one of these he

waited, sometimes for hours, while his

dogs slept, their heads hidden from the

cutting wind. The walrus first nudged

the thin ice film aside, then came up

for a deep breath of air. Like a coiled

spring, the hunter went up on his toes,

drove the harpoon deep into the ani-

mals nose and raced back, playing

out forty to fifty feet of line. To escape,

the walrus had to turn downward, and

this brief dela\ ga\e the hunter time

to jab the bottom of his sharp-pointed

harpoon shaft through a loop in the

end of the line and down into the ice.

Then came the sudden jolt when the



Dark bodies of resting walrus almost

cover an ice fragment in Bering Strait.

Eskimos use their homemade boats to

stalk the groups through the drift ice.



Viciors when provoked, these animals

are plunging off the ice to attack the

boat in which photographer is riding.

Walrus often capsize boats or rip hulls.

line sna|)|)i.-il taul. anchoring the har-

poon head firmly in the walrus. Both

hunter and hunted strained, the hunter

aided l)y his fastened line, the walrus

Irapjjed by his need for air. If the line

slackened momentarily, the hunter

frouged two holes about a foot apart

in the ice and laced the line throufih

them to make them fast. Or he tied

the end of the line around an upright

cake. Either method freed him to lance

the animal when it surfaced for air.

There was no escape for the walrus:

it had to have air—which it could get

only where death waited. An infuriated

beast might climb up on the ice and
attack the hunter. Or a hunter might
get a foot tangled in the line and be

dragged beneath the ice I hence the

knife, to cut himself loose). Almost
alwa) s the hunter won.

With a method still used, the car-

cass was hauled out on the ice with

a block and tackle made by fastening

the line to one tusk, passing it through
a slit at the back of the neck, loop-

ing it around a knob cut in the ice,

and once more passing it through the

slit in the neck. The loops acted as

a pulle> . Often a group gathered about
the beast, helping to cut it up. The
tusks and heart went to the success-

ful hunter: the rest was shared.

IX the spring, a boat full of hunters

would paddle silently to an ice

floe to attack a herd of sleeping wal-

rus. A lone hunter would jump quietly

onto the ice and try to kill several

walrus before the others, alarmed,

tumbled into the sea. Swimming wal-

rus were harpooned from the boat, an
inflated sealskin being attached to the

line to impede the animal's escape and
keep it afloat after it died.

Cut off from the surrounding world
by ice-filled seas, these daring hunters

lived their own lives largelv untouched
by outside influences. In recent years

they have been drawn into the world
economy, and their lives have changed
radically. But at heart they remain

hunters, and the only labor in which

they delight is the chase. They not

only depend upon game for all of

life's necessities, but they have the

hunter's outlook on the world.

Today both the rifle and the power

motor are used. Xow the boat ap-

proaches the sleeping herds with the

outboard turning over as slowly as

possible. As soon as the range is good,

several hunters begin firing. Angered

walrus, especially young ones, may at-
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Dr. Carpenter has lived umong the

St. Lawrence people and accompanied
them on hunts. He is chairman of the

Department of Anthropology at the

San Fernando Valley State College.

tack. Swimming under water, they ap-

proach the boat on their backs and

with their tusks try, sometimes suc-

cessfully, to rip open the bottom of

the boat. Others try to hook their

tusks over the side of a boat and cap-

size it. Eskimos paint hulls red in the

belief walrus fear this color. The men
also stamp their heels in the boat, mak-

ing a peculiar sound that they say

walrus mistake for the sound of the

dreaded killer whale. I can testify to

the efficacy of this ruse: attacking

walrus turn back instantly, like swim-

mers turning at the end of a pool.

About 1936. a large herd was driven

ashore on St. Lawrence Island by a

school of killer whales. They were so

badly frightened that while making

their way up the beach in the surf,

a pile up occurred and over two hun-

dred were smothered or crushed. The

Eskimos had an unexpected feast.

Because of its size and strength, the

walrus has few other enemies. Hungry
polar bears are said to attack it on

land; I suspect this is rare. An Eskimo

told me he had seen a bear creep up

behind a walrus, lift a chunk of ice

with both paws, and stun his victim

with it. Any lifelong observer is bound
to witness some strange incidents, but

wild animals only rarely employ tools,

and this tale is probably myth.

WALRUS are also taken during win-

ter. A team of hunters pulls the

boat across the flat ice pans and fields

of broken ice where huge cakes grind

and pile against each other, constantly

on the lookout for the dark specks that

mean sleeping walrus. The problem

here is to approach close enough so the

animal can be harpooned after it is

shot and before it can dive into water.

A walrus may be fatally wounded,

but if it can get under the ice before

being harpooned, it is lost to the

hunter. Traditional hunting was su-

perior in this respect; it was also quiet

and did not frighten nearby walrus.

My impression of Eskimo marksman-
ship is that it is exceptionally poor

and probably reflects the fact that

hunters must get close enough to the

walrus to be able to harpoon it almost

immediately after shooting it.

Between 1900 and 1940, domesti-

I ated reindeer, introduced from Si-
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Silhouetted against the Bering Sea,

a hunting party rides in an open boat.



(iJiDip, ill search of walrus. After the

limit, boat retiirniiig to the Savoonga

cDininunilN cm Si. La\urn(i' Ishinil is

met by rest of villagers, below, who
run 111 liu' sliore to greet it. Island

is in Berins Strait and has no harbor.
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Savoonga woman ruts sinew lliread to

be used when stitching the walrus hides.

Skinning of a juvenile walrus is first

step in the making of thongs for whips

beria and herded for the first few years

by Laplanders, replaced the walrus in

the needs and minds of the Savoonga

hunters. But, for reasons not fully

known, these herds declined catas-

trophically after 1943. The blow was

doubly hard to the villagers, for the

walrus herds also declined, possibly

as a result of the introduction of rifles

and motors, although other factors

may have been involved. In June, 1944,

Ifkuluk, a Savoonga hunter, found

fifty-four dead walrus on one of the

Punuk Islands, about five miles off St.

Lawrence Island. They were mostly

females and were believed to have been

killed during breeding activities. Seven

years later, over fifty carcasses washed

ashore along a ten-mile strip near

Northeast Cape. An American zoolo-

gist examined them some months later.

No definite cause could be established,

but from several circumstances, it was

assumed they died owing to a violent

explosion in the Russian area along

the coast of northeastern Siberia.

Dr. Charles Hughes, a Cornell an-

thropologist who lived in the neigh-

boring village of Gambell during 1954-

.5.5, reported that "for food, the people

for the first time became significantly

dependent on outside sources of supply

and not on their own efforts." But the

and harpoons. A small hide such as this

one can be cut in a single long strip.

hunts continue, for although walrus

are no longer sufficient, they are none-

theless most necessary.

When weather prohibits winter boat-

hunting, the men go by dog sled along

the open leads. In certain areas this

is especially dangerous, for if a cur-

rent changes, a hunter may be swept

away on an ice floe and marooned,

sometimes to return, sometimes not.

This is one of the real horrors of the

Arctic. In many camps there is the si-

lent memory of hunters lost and the

visible evidence of amputees who sur-

vived, but lost their frozen limbs.

To approach walrus on level ice is

extremely dangerous. They can

move with astonishing speed when an-

gered, even out of water, and in the sea,

of course, they are formidable foes.

But if one can get on rocks above them,

it is quite safe to approach even large

herds closely. I once stood just above

a herd of about 1.200. One old bull in

particular dominated a portion of the

herd. He lumbered about his harem,

trying to provoke some of the young

bulls. Occasionally one would stand up

to him: the two would weave clumsily

about, glaring and snorting, until the

contender backed down. The herd slept

tightly packed, their tusks often get-



Walrus hide is strettlied on a frame and split lengthwise

by one of few Savoonga women who possesses the skill. Two
hides so divided will cover a skin boat. The plank on which

woman stands is lowered manually as slow work progresses.
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Boat owner in background supervises

as woman covers a boat frame with new
hides. Using sinew thread and a heavy
needle, she begins to work on the prow.

jhors to iiiiiki; tl

thread taut as she

joining watertight.

Female walrus hides are preferred to

male hides, as they are more pliable.

ting ill one another's way. At intervals

they all put their heads up and shifted

about, as if they were under water,

coming up for air. I was close enough
to hit the old bull's head with a stone;

he turned to a neighboring bull and

flattened him with a blow of his tusks.

When Eskimos dress the walrus, they

cut them into rectangular sections of

hide and blubber, leaving some meat

attached. An incision is made on op-

posite sides of each slab, providing

a handle. The heavy strips are then

carried to meat cellars for storage.

If a hunter wants a new harpoon line

or whip, he makes two parallel inci-

sions around the carcass and removes

a "sleeve" of hide, which he cuts into

a single, coil-like line and stretches

between two rocks to dry.

Walrus are at home in water, but

cannot swim indefinitely and must find

ice or land. One herd found itself far

from ice. In desperation they hauled

themselves out onto the nearest shore,

which, to their misfortune, was occu-

pied by an Eskimo village.

For skin boats, or angyaks.Uvo hides

are split in half for their full length,

mounted, scraped, and stretched. This

is women's work, as is the sewing

of the hides on wooden frames. The

remarkable boats can remain in water

for lengthy periods before the hide

goes soggy and lashings loosen. In

camp they are kept on racks, above

drifting snow and hungry dogs.

THE skulls are left lying about

camp, but the tusks are not forgot-

ten. Most tools are made of ivory, as

are art objects, and after pups have

gnawed off what scraps of meat re-

main, the tusks are carefully removed.

Eskiinos believe these animals lead

their own lives and have their own
wills and desires. "Beast of the Sea,

come and offer yourself in dear early

morning," begins an ancient Eskimo

prayer. A walrus must give himself

freely to the hunter, without coercion,

just as humans must interact freely.

When the hunter tells about it after-

ward, he often assumes a humble role:

"It happened that a walrus appeared

and an old harpoon had to be stuck

in it." Yet, during the actual chase,

hunters seem almost possessed. I have

seen them in a frenzy of savagery,

shouting, leaping across cracks in the

crashing, moving ice, harpooning and

stabbing these huge, snorting beasts.

Iglulik Eskimos in eastern Canada

shout: "Come, are there men amona;



you? Those here challenge you!" And
at the noise the herd begins to mill

angrily about, apparently wailing for

a chance to attack.

This sort of electrifying perform-

ance is in sharp contrast with the

usually quiet behavior of these people

—a behavior so basic that scholars

have advanced various theories to ex-

plain what the silent igloo-sitter is

thinking. Early ethnologists believed

he was in a self-induced trance: Freud-

ians said that he was suppressing his

anxieties. Both assumed there was an

inner dialogue. I do not believe the

silent Eskimo with his impassive face

is necessarily thinking anything. Inner

dialogue, far from being universal, is

largely the product of literacy. To
Eskimos, all thought is "outside." "If

thoughts were ;';? a mind, how could

they do anything?" asked Ohnainewk,

an Iglulik hunter. Thought, to the

Eskimos, is everything outside of man,

especially natural forces. But thought

cannot exist without man. It makes

itself known to man. It sjjeaks first and

man gives it shape and expression.

OUPINCALIK. a (Canadian Eskimo,

explained to the famous Danish

explorer Knud Rasmussen: ".Songs are

thoughts, sung out with the breath

when people are moved by great forces

and ordinary speech no longer suffices.

Man is moved just like the ice floe sail-

ing here and there out in the current.

His thoughts are driven by a flowing

force when he feels joy, when he feels

fear, when he feels sorrow. Thoughts

ran wash over him like a flood, making

his breath come in gasps, and his heart

throb. Something, like an abatement

in weather, will keep him thawed up.

And then it will happen that we, who
always think we are small, will feel

still smaller. And we will fear to use

words. But it will happen that the

words we need will come of themselves.

When the words we want to use shoot

up of themselves—we get a new song."

I have seen silent, gentle, slow-

ninving Eskimos, suddenly caught up

in the hunt, accomplish astonishing

feats of skill and daring. Yet there was
consistency here. They were the same.

They sim])ly allowed the world to act

toward them with complete freedom.

But they were not passive: they freed

this experience from its formless state

and gave it expression and beauty.

When you feel a song welling up with-

in you, you sing it: when Eskimos feel

themselves possessed by the hunt, they

commit themselves fully to it.

The Eskimo language contains no

first person pronoun, which in English

is so important that we make "I" upper

case, an honor otherwise restricted to

gods and kings. Eskimo does j)rovide

a suffix to indicate participation in

an experience, but generally even this

is avoided, and an impersonal third

person is used: "One has driven his

spear into a walrus." Yet. despite the

absence of individualism in our sense,

there is often achievement, and while

there is no "I," there is great dignity.

Flanked by two hunting boats on their wooden racks, hide

is stretched on frame to dry, after which it will be stored

for future utilization as boat cover. When well cared for,

such skins will withstand at least four years of hard use.
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Husky pups perform service by cleaning meat from walrus

skull. The tusks are removed to make tools and art objects.

A MOTHER AND DAUGHTER Carry freshly killed auks, right.

Child's dress is traditional, while mother's is mail order.

In their games there are no spec-

tators, and in their hunts no idlers.

They shout at walrus as if they were

human, becoming involved emotion-

ally in these one-way conversations. To
literate man, this sort of behavior is

not only alien, but offensive. Literacy

creates a sense of middle distance, a

jjerspective: it separates observer from
observed, actor from action, subject

from verb. Eskimo hunters, however,

delight in being caught up in the

"grammar" of experience, especially

hunting. They make this same commit-
ment to the technology of intricate

machinery, and their achievements in

mastering alien engines and repairing

broken ones are truly phenomenal.

I lived with walrus hunters on sev-

eral occasions, once for the better part

of a year. Although my work has since

taken me to a number of continents

and among various tribes, these Arctic

26

experiences are the only ones that will

not go out of mind and be forgotten.

I remember thinking once, when the

sky was clear and my belly full: "I

will never go back to civilization; this

is a man's life." In the Arctic, where

you experience cold and hunger, you

also know the warmth and power that

pour through you the moment you

gulp down chunks of meat. You know
the joy of your body when you are

out on the moving ice, leaping cracks,

marveling that your feet come down
right, shouting, driving a lance in

with every muscle. In the end, you

begin to know something of yourself.

I
returned to civilization, of course.

The Arctic was not my world. It

was alien, and always would be. But

for brief moments, caught up by nature

and by the challenges and skills of the

hunt. I had felt fully human.

I think this was the same feeling an

Iglulik hunter once expressed, and

which Rasmussen caughteven in trans-

lation—a translation that used "I" for

a form we do not have: "I could not

sleep, for the sea lay so smooth at

hand. So I rowed out, and a walrus

came up close beside my kayak. It was
too near to throw, and I thrust the

harpoon into its side, and the hunting

float bounded over the water. But it

kept coming up again and set its flip-

pers angrily like elbows on the surface

of the water, trying to tear the hunting

float to pieces. In vain it spent its ut-

most strength, for the skin of an un-

born lemming was sewn inside as a

guardian amulet, and when it drew
back, blowing viciously, to gather

strength again, I . . . stabbed it with

my lance. And this I sing because the

men who dwell south and north of us

fill their breathing with self-praise."







Lerian said Thysania agrippina Cram, is on

"a rubber tree," but modern botanists do not agree.

A Surinam Portfolio
I_N THE LATE SEVENTEENTH CENTURY, the

Dutch colony of Surinam, on the northern coast

of South America, was so well hidden behind a

tangled mangrove coast that even the pillaging

Caribbean pirates made no attempt to raid the

territory. The capital city. Paramaribo, con-

sisted of some "500 houses made of wood and

two of brick," and although the dense jungle

rendered most of the land uninhabitable, even

for the Indian population, the colonists were

busy establishing cocoa and sugar cane planta-

tions. It was on these inhospitable shores that

Maria Sybilla Merian disembarked in 1699

with her daughter Dorothea. The gently reared.

fifty-two-year-old woman had one purpose in

undertaking the two-month trip from Amster-

dam—to collect and paint Surinam insects.

Maria was the daughter of Matthiius Merian.

a Swiss who had married the granddaughter of

Theodore de Br}', a noted Frankfurt am Main

illustrator and engraver. Merian subsequently

inherited the business. Maria de Bry died after

presenting him with seven children; not long

afterward he remarried, and Maria Sybilla was

born to his second wife in 1647. When Maria

was four years old. Matthaus died, and the same

year her mother married Jacob Marrell. a well-

known painter of the "Utrecht school," which

Typically, larva, pupa, and adult of a moth,

Arsenura armida Cram., are shown on one plant.
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Inidentifiable insects feed on this papaya tree,

whose fruits taste like "the very best turnips."

Watermelon supports pupa and "square
caterpillar" of the Limacodidae family.

was chiefly distinguished for its use of insects

in flower paintings. Her stepfather early recog-

nized Maria's talent. He taught her painting

and took her with him on field trips, despite

the objections of her mother, who felt such

excursions were distinctly unladylike.

In 1665, when she was 18, Maria married

Johann Graff, a fellow student; their first daugh-

ter, Johatina, was born in 1668, and the family

later moved to Nuremburg. There Maria Sybilla

seriously began to study and paint nature.

"From my youth I have been interested in

insects," she stated, "first I started with the silk-

worms in my native Frankfurt am Main. After

that ... I started to collect all the caterpillars

I could find to observe their changes . . . and

painted them very carefully on parchment."

In 1678, she was hard at work on part one

of her first ambitious scientific work, a descrip-

tion of European insects, when a second daugh-
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Jr ruit, wrote the artist, is Surinam
grapefruit. Caterpillar is of genus Urania.

ter, Dorothea, was born. The volume, titled

Der Raitpen wimderbare Verwandehing and

sonderbore Blumennahnmg, was published the

following year and was enthusiastically received.

This was attributable, in part, to the author's

use of copper plates, for by the late seventeenth

century engraving had definitely been estab-

lished as a reproduction — not solely an artistic

— medium and the method permitted a scientific

precision far exceeding that of woodcuts. In

1681 Marrell died, and his stepdaughter re-

turned to Frankfurt with her children to join her

mother. This, Maria's first separation from her

husband, eventually led to their estrangement.

One reason for the break lay in Maria's growing

interest in a religious sect known as the Laba-

dists, which had a colony in a castle in Friesland.

The group had been founded by a French

mystic, Jean de Labadie, as an evangelistic

cult. De Labadie died in 1674, but the Fries-
kftist's interest in plant growth is shown

by various phases in development of cocoa fruit.
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The photographs on these pages were made
from a 1719 edition of Maria Merian's work
Metamorphosis Insectoriim Siiritmmensium,

which is in The American Museum's library.

The editors of Natural History would like

to express thanks to Dr. H. E. Coomans,
Research Fellow, who translated Madame
Merian's text from the Dutch, and to those

Museum entomologists who assisted in the

identification of the butterflies and moths.

land colony continued to prosper. The Laba-

dists were a strict and fanatic group whose main

creed stated "man is nothing." They did not

believe in formal marriage or worldly goods,

and established missions, including one in Suri-

nam. Caspar Merian, a stepbrother of Maria,

had entered the Friesland retreat some years

before and had interested her in their way of

life. In 1685, two years after her second volume

on European insects was published, Maria

Sybilla and her children, then aged 17 and 7,

joined the group in the castle. All evidence indi-

cates that she was not a strict Labadist; rather,

she sought refuge from the world.

Her husband visited her in 1686 and en-

treated her to return to him, but Maria refused.

She never again lived with Graff or used her

married name; in fact, while in Friesland, she

made a will calling herself a widow, although

in truth her husband did not die until 1701.

Her stay at the Labadist colony allowed her

to see the cabinet collections of many promi-

nent Frieslanders, who were incidentally Laba-

dists. She also learned the Dutch language

before departing, in 1691, for Amsterdam and

further study. Here, again, she was able to ex-

amine collections, and said, "in Holland, I was

amazed how many beautiful animals came from

the East and West Indies. . . . This stimulated me
to undertake a long and pleasant journey and

set sail for Surinam. ..."

Soon after their arrival at Paramaribo, Mad-
ame Merian and Dorothea, who was also a

collector and an artist, visited La Providentia,

a plantation that was apparently a Labadist

colony. Here, close to the jungle, they began

collecting caterpillars, and the date and stage

of each metamorphosis was recorded with care.

A,

lairy white caterpillar on leaf above cashew
is probably Hesoscia eriophoia Sepp.

.FTER their visit to La Providentia, mother

and daughter returned to Paramaribo and then

journeyed down the Commewijne River into the

interior, where they continued collecting despite

Maria's sufferings from the effects of yellow

fever. During this period she probably was in-

creasingly dependent on the local population to

collect for her. In her description of the picture

on page 38, she said, "The creeping Worm on

the stem is orange, she was brought to me by a

black woman slave, who told me that Grass-

hoppers came from it, it changed into a brown

bladder, and (according to the testimony of the

inhabitants) a green animal, as in this plate,

should come from it, which gradually gets wings

like the flying Grasshopper [praying mantis]

here has. I did not observe this experience,

because the round Cocoon died. ..." Yet she

accurately depicted the tropical praying mantis,

Choeradodis stnimaria Linn, and its egg case.

She also studied and painted the flora of the

country (not always, however, as precisely as

could be wished). Her text contains criticisms

of the Dutch and Indians alike for their failure

to grow the native fruits. "Here I show the

American Cherry . . . apparently this fruit could

be cultivated better, if the country was inhabited

by a more active and less profit-seeking popula-

tion," she said, with some asperity, referring to

Artist included rainbow boa, which has laid eggs

on cassava root, "to ornament the page."
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In Systema naturae, Linnaeus refers to this

plate as Morpho achilles, but later descriptions

disagree with Merian's picture of the insect.

XTunting spiders attack hummingbird on
a calabash tree, while surrounded by army ants-

and what may be parasol ants at winged stage.

Uespite artist's omission of white dot on front
edge of adults' wings, larva and butterflies on the
pomegranate may be Morpho menelaus Linn,
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c aterpillar, said artist, rolled up "neatly"

in grape leaf on August 26, 1700, and was an adult

(perhaps Pholus labniscae Linn.) in twenty days.



the plantation system that concentrated on

"money crops" of cane and cocoa.

Insects, however, remained her primary inter-

est. Of army ants and parasol ants (page 35)

she said: "There are very large Ants in America,

who strip trees bare as brooms in one night, they

have two curved teeth, built like scissors, and

with these they cut the leaves from the trees, and

let them fall down, so the tree looks like a

European tree during wintertime. ..." She cor-

rectly described the process by which ants make
"bridges" of themselves and "thousands of Ants

walk over this Ant bridge." She was further

astonished by the ants' voraciousness when,

annually, they leave their underground nests

and "in hordes go into the houses . . . from one

room to the other devouring all the insects . . .

everyone leaves and when the whole house is

cleaned out, [the ants] go to the neighboring

hou.se, and finally back to their nest again."

The hunting spider, which appears with the

web-spinning spiders (page 35 ) , is feeding on a

hummingbird, and although one of Madame
Merian's critics declared that the activities

occurring on this plate "are to a considerable

extent fabulous," they have, on the contrary,

been proved to have considerable accuracy,

despite the fact that the hummingbird's nest

contains four eggs instead of the usual two.

M,ADAME Merian did most of her work in

1 700 following her yellow fever attack, which

forced her to return to Europe the following

year. She arrived in Amsterdam on September

23, 1701, and probably went to live with

Johanna, who had married and remained be-

hind. Dorothea, in turn, married soon after their

return and was widowed a few years later. Maria

arranged her notes and sketches and compiled

her cabinets of specimens, and when her ac-

quaintances viewed them, they persuaded her to

publish her findings. She consented, because, in

her words, "this will be the first and most curious

work ever painted in America." She finally

arranged financing for the project, despite com-

plaining that "costs to complete publishing this

work discouraged me. ..." Although trained

as an engraver, she did not undertake this task,

which is credited to Pieter Sluyter and Joseph

Mulder, with one plate made by D. Stoopendael.

Metamorphosis Insectoruin Siiiiiiamensiiim,

was published in a folio volume in 1705. It was

printed in Amsterdam in both Latin and Dutch,

XSutterfly, of genus Papilio, is feeding

on citrus plant. Merian said the caterpillars have
yellow horns that emerge if animal is touched.

and contained sixty plates engraved from

Merian's paintings. Her preface gives a tanta-

lizing glimpse of the scientific community at the

beginning of the eighteenth century; it also

contains what may be an oblique reference to

the public reception that greeted Antony van

Leeuwenhoek's description of the life he viewed

through his microscope — many contemporaries

stated that he saw more in his imagination than

in his instrument. "I could enlarge on the text

[of the plates] but the world nowadays is very

delicate and the feelings of the scientists are dif-

ferent so I choose to be simple in my descriptions

... so everybody can make his own interpreta-

tion, and apply the text to his own feelings."

In 1719, two years after the author died, an

Amsterdam publisher, J. Oosterwyk, issued a

second edition of the formidable work and in-

cluded twelve more plates. He carefully stated

that the additional plates were obtained from

the paintings of Maria Merian, but added that

the "engravings had not been completed by

Merian." Certainly it would be difficult to

attribute the book's last two plates to her. textu-

ally, artistically, or scientifically. For instance,

the text accompanying one states that European

frogs metamorphose from fish into frogs, while

American species change from frogs into fish!

The last plate shows what appears to be an East

Indies, rather than a South American, landscape

and concerns the same mysterious fish-to-frog-
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\Jn pepper plant with fruit and flower are

three stages of a Phlegethontius rustica Fabr.
1 ropical praying mantis is in flight, left.

Nymph is center right; egg case is below on stem.

to-fish cycle. Although her treatment of plants

and animals was considerably less accurate than

her studies of insects, it is doubtful that Madame
Merian would have gone quite so far afield. In

most of the sixty drawings by the artist, the

foliage of the plants showed caterpillar depreda-

tions—a feature lacking in the last plates. This

is another reason why the latter group is of

questionable attribution.

M,ADAME Merian received acclaim for her

work, but little money; she made a new will

about the time the book was published, stating

that she was penniless, and was supported by her

children. Meanwhile, the third and final volume

of her European insect work had been prepared

and published, and at the same time a second

edition of the first two volumes was issued. In

all of these she dropped her married name, al-

though it had appeared in the earlier editions.

By 1717 all three parts were available in Dutch

and Latin, and later editions were in French.

Madame Merian never relinquished her be-

loved Surinam project. In 1714, Johanna and

her husband left for the colony, where Johanna

was to do more collecting for her mother. Soon
after their departure Maria Sybilla suffered a

stroke, further weakening her already precari-

ous health, and that year Dorothea's second

husband, an engraver named George Gsell,

published a portrait of the grandam — a stern,

ill, and saddened visage. She never lived to see

the new specimens; she died January 13, 1717,

before Johanna's return.

Perhaps no eulogy could ever be so important

to this remarkable woman as the knowledge that

her work had earned the interest and respect of

the scientific community. Primarily, that com-

munity approved her eagerness to observe from

nature. Linnaeus referred to her plates in his

works, and even the great Goethe was aware of

her contributions to the knowledge of the era.

Although much of what Maria herself presented

as "science" has since been questioned, this in

no way detracts from her stature. Madame
Merian was not a trained scientist; she was a

trained observer, which enables modern taxono-

mists to identify many of her plants and insects.

As James Duncan observed in a memoir of

Maria Sybilla Merian, in volume 30 of The

Naturalist's Library, published in 1835; "The

. . . text, it is true, is not of much value; but it

must be borne in mind . . . that this branch of

natural history [entomology], as well as every

other, was still in its infancy. ... It is not, there-
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Y oung tegu, a blue tropical lizard, was placed on

cassava plant simply for decorative effect.

Butterflies are species Anartia jatiophae Linn.
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fore, surprising that Madame Merian should
occasionally have fallen into error. ..."

In his recent work, The Art of Botanical

Illustration, Wilfred Blunt states that although
Merian was primarily an entomologist, she "was
certainly one of the finest botanical artists of

the period immediately following upon the death

of Nicolas Robert in 1680 ... her art derived
almost entirely from the great flower painters
of 17th century Holland."

Her labor was not financially rewarding for
her family - they were apparently forced to sell

her precious plates to the publisher of the post-

humous editions. When Maria Merian was

ijpectaclcd cayman, engaged
in remarkable conflict with
New World pipe snake, may not
be Merian's work, although
included in posthumous editions.
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buried in Amsterdam, her death certificate was

signed by the Registrar of the Poor. She did,

however, have her own grave; the spot is now
occupied by a trades school. Curiously, despite

her stature with her contemporaries, Madame
Merian still rests in obscurity. Virtually all infor-

mation about her is only in the Dutch language;

even her magnificent plates are seldom re-

produced. From this distance it is, of course,

difficult to evaluate her influence, but in her

dedication to precision, even within her own
limited frame of reference, she was an integral

part of the scientific pragmatism that basi-

cally characterized the Age of Enlightenment.
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OsPREY, OR FISH HAWK, is sole member of the Pandionidae
family, which is worldwide in its range. Unique feature

42

of this diurnal bird of prey is the reversible outer toe on
foot, which, like bird's bill, is modified for catching fish.



Resilient Predators
Osprey's survival is based on adaptability

Tiuo FISH HAWK, or osprey ( Faiid-

ion haliacliis) . is a brown-and-

white. eaple-sizerl hawk that occurs

widely in the temperate and tropical

regions of the world. It belongs to the

order Falconi formes, a group compris-

ing seven families of birds of prey-

two extinct and five surviving. Some

of the Falconiformes are as small as

sparrows and prey on insects, while

others, like the golden eagle, are large

enough to kill fully grown wildcats.

One family, the Sagittariidae, consists

of the aberrant, long-legged secretary

bird of Africa; another, the Pandion-

idae. is confined to the osprey.

I nic[ue among diurnal birds of prey

in its feeding habits, the osprey lives

almost entirely on fish, which it takes

by diving into the sea. A bird of highly

variable nesting habits, it has been

known to build on the ground, on

rocky crags, and in tall dead trees, all

on a single island. The nests may be

mere scrapes in the sand or massive

structures rivaling those of the greatest

eagle; the eggs may be nearly pure

white, spotted, or almost entirely

chocolate brown. Furthermore, during

the same time period some nests will

contain eggs, while in others young

are ready to fledge.

Perhaps the secret of the osprey's

success in its fight for survival (par-

ticularly against man I is this vari-

ability, which probably fosters rapid

modification through natural selection,

enabling the bird to keep pace with rap-

idly changing ecological conditions.

As a case in point, in certain areas

ospreys were customarily shot down
because of their propensity for build-

ing large stick-nests on power transmis-

sion poles. Despite this persecution the

birds hung on. and today along coastal

roads in New Jersey and many other

areas it is common for utility compa-

nies to provide special poles topped

with nesting platforms. The ospreys

readily take to such man-made nesting

locations, perhaps because today they

live chiefly near the sea. where nesting

locations are often few and far be-

tween. In fact, the birds may begin

building nests within hours after en-

lightened bird watchers have erected

pole-platforms at strategic points.

lioth the male and female os|>re\

build the nest. Later, two to three eggs

— rarely four— are laid. These are in-

cubateil for thirty-fi\e to thirty-eight

days, usually by the female, who also

does most of the brooding and feeding,

at least for the first half of the seven-

week period the young remain in the

nest. During these early weeks, the

male brings fish to the female, who
cuts it up and gives it to the young.

Later both parents feed the offspring,

and between them may visit the nest

with food only two or three times daily.

By E. Thomas Gilliard

In hunting, llie osprey Hies 5l) to

LiO feet over the water. L|)on seeing a

fish, it hovers and then plunges, with

its widespread talons stretched far for-

ward in front of its bill. Wings canted

backward, it enters the water to seize

its prey. Occasionally the fish is too

large and carries the hawk under water

to its death. But usually, aided by its

needle-sharp talons and the rasplike

scales sheathing its toes, the hawk
clasps the back of the fish and emerges

from the water, then lofts its sharply

pointed wings and takes flight. At that

Variety of nesting sites used by the

fish liawk include the tops of trees and
power transmission poles. After years

of use, nest may attain six foot widtli.
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Male bird returns to nest with fish,

on which it subsists almost entirely.
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Rasplike scales on undersides of the

bird's toes help it to grasp the prey.

Dark eye streak of northern osprey

is not so apparent in Caribbean birds.

moment a fortunate bird watcher is

most apt to view one of the epic spec-

tacles of nature—a bald eagle attacking

a fish hawk to steal its prey. The eagle

vigorously dives at the fish hawk,

which attempts evasive flight with its

heavy prize. But almost invariably the

osprey drops its prey in fright, where-

upon the eagle furls its wings, dives,

and is usually able to overtake and

seize the falling fish in mid-air.

IN the New World, ospreys breed in

North America and winter from

the Gulf States south—including Flor-

ida, where there is a resident popula-

tion. Others fly as far south as the

Galapagos Islands, Chile, and Argen-

tina. According to some local banding

records, the young birds are highly no-

madic, spending one or more years in

South America before returning north.

This tendency may have something to

do with the resiliency of the species to

the encroachments of man, and prob-

ably is the reason for its having a

world-wide range rivaled only by the

peregrine falcon and the barn owl

among the 8,600 known bird species.

In addition, the osprey often re-

colonizes territories from which it has



Parent bird stands guard over newly
hatched offspring and an unbroken egg.

long; been extirpated. For example, in

1959 the fish hawk returned to the

British Isles, where for a century it has

not existed as a breeding species. That

same year a pair of the birds returned

to nest beside a fresh-water lake in

Scotland. This so greatly pleased local

ornithologists that a special guard was

posted at the nest to watch over the

birds. Nevertheless, a collector, with

his face blackened like a commando,
scaled the tree one night and stole the

eggs. These he broke when he fell dur-

ing his descent, although he managed
to escape. Newspapers publicized the

theft and even offered rewards for ap-

prehension of the culprit. Immediately,

thousands of spectators came to see

the nest tree, and special viewing

stands were built to accommodate

them. Funds were subscribed for the

protection of the birds, which, by great

good luck, relaid. Since 19.59 they have

produced three families of young; all

of which indicate something of the

charm of this resilient bird of prey.

Dk. GiLi.iARn, Associate Curator of

Birds at The .American Museum, is

a regular contributor to these pages.





Egg Retention:

Pattern in Evolution
Reproductive complexity assists in the survival of a species

By DoNN Eric Rosen

IN
THE WORLD OF LIVING THINGS, it

is customary to speak of popula-

tion explosions. Most of us know this

phrase as it applies to man. but it may
equally call to mind hordes of lem-

ings. infestations of insects, or the

uncontrolled spread of water hya-

cinths. If the average non-scientist is

aware of the great creativity of life, it

is usualh because of his contacts with

the seemingly inexhaustible supply of

pestiferous or of food organisms—

the countless billions of microorgan-

isms or the estimated trillion herring

of the North Atlantic.

Yet, nature has a savage side, in

which are inherent great powers of de-

struction. In the early history of evo-

lutionarv thinking, a struggle for

existence was h\pothesized, in which

those living things that are least capa-

ble of adapting to prevailing condi-

tions are destroyed, whereas the

strongest individuals survive and re-

produce the qualities that allow their

survival. This struggle was thought to

induce a natural selection of the fittest

(or the best-adapted I organisms, thus

causing the formation of new varieties

—and. \ery gradually, new species-

better able to survive.

Toda\. however, we know that the

mechanism of natural selection, which

helps to explain the fact of evolution,

is not alone a simple matter of tooth

and claw or the evasion of inhospitable

physical conditions. Efficiency in re-

production methods is equally impor-

tant, so it is not surprising to find that

even the simplest organisms may be

reproductively complex. This article

deals with one of the many reproduc-

Male gippy, below, moves its sexually

modified anal fin forward and prepares

to deposit sperm bundles within female.

live specializations to be found in mod-
ern bony fishes, and one. furthermore,

about which the evolutionary history

and advantages may be surmised.

The fishes in question— the Poe-

ciliidae. a family of viviparous killi-

flshes—provide a particularly good

example of reproductive specialization.

First, their sexual modifications are

exceptionally numerous, and can be

seen with the naked eye. Second, a

great deal is known about their biology

and the structure of their sexual parts.

Third, many of the species of poeci-

liid fishes are familiar to the public

because thev are hardv and can easily

be kept in a home aquarium; perhaps

the best-known is the guppy. :

Almost as well known is the mos-

quitofish, whose larviphagous (and

reproductive) capabilities are so re-

markable that the species has been

used in mosquito abatement programs

in more than 70 countries. A single

2' :>,-inch female mosquitofish has con-

sumed 225 mosquito wrigglers in a

single hour. The effectiveness of the

species in mosquito control depends

largely on its reproductive capacity;

at the end of August. 1961. 12 female

and 20 male mosquitofish were placed

in an experimental pond on Long
Island, and less than three months

later the population was estimated at

nearly 500 individuals.

The family Poeciliidae is made up

of about 130 species, distributed con-

tinuously from southern New Jersey

and Illinois, throughout tropical Mid-

dle America and the West Indies,

where they reach their greatest abun-

dance, and south to Buenos Aires.

Some species inhabit fresh-water

environments: some are found in wa-

ters adjoining mud volcanoes, in which

the temperature rises as high as 95°

1. : others winter under a layer of ice.

Numerous poeciliids spend their lives

in brackish water, and a few others

make their homes among the roots of

the salt-water mangroves of oceanic

islands. Because of their adaptability

and their small size (the male of one

species is only 3/5 of an inch long),

they are abundant in regions from
which most fresh-water and many ma-
rine fishes are virtually excluded.

A coastal environment seems to pre-

sent no great hardship to the majority

of poeciliids. which seems to have

originated in the coastal habitats of

lower Central America, perhaps during

a time when parts of Panama and

Costa Rica were entirelv under water.

Thus, by virtue of ancestry alone they

are today well suited to life in the Mid-

dle-American bridge that lies between

North and South America.

THEIR demonstrable success in this

region is underscored by the poor

representation of the other fresh-water

groups, which includes a closel)' re-

lated familv of killifishes—the Cvprino-

dontidae. Like the poeciliids. these

fishes are extremely hardx . and manv
of the species have adapted themselves

to some rather startling extremes of

environment. Although they are a

diversified and abundant group in con-

tinental waters, only a handful of

species has filtered over into Middle

America and the West Indies. By con-

trast, about 90 per cent of the fishes

inhabiting the fresh waters of the West
Indies are members of the family Poe-

ciliidae—which brings us to the point

of our story. The Cyprinodontidae are

entirely egg-laying fishes: the Poeci-

liidae give birth to living young, which

can sw im and feed when they are born.

It is difficult and, on occasion, im-
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possible, for aquatic animals to reach

certain geographical areas. Obstacles

such as unsuitable temperatures, cur-

rents, or salinity intervene, or perhaps

each region is interrupted by varying,

closely spaced habitats that cannot

support the number of adults required

for breeding aggregations.

In general, egg-laying species can

colonize a new region if adult males

and females arrive and remain together

and survive until mating time. For a

viviparous species, problems of range

extension and effective colonization

are much less complex. A single preg-

nant viviparous female carrying fifty

young can transport a potential breed-

ingpopulation to extraperipheral areas.

In addition, females of some of the

viviparous species can store sperms
that are introduced by the male at

one mating, and deliver as many as

eight successive broods after this single

insemination. It is still a question,

however, whether an oviparous species

and a viviparous species with equal

resistance to natural hazards and equal

powers of dispersal can colonize new
frontiers with equal vigor, or whether

one shows some advantage over the

other in the process.

SOME biologists believe that vivi-

parity has advantages for a species

other than those concerned with pene-

tration into new areas. For example,

it has been suggested that viviparity

protects them against biological haz-

ards inherent in all environments.

Eggs that are deposited and fertilized

externally may be eaten or become

diseased ; they may be killed by desic-

cation or by being swept into an un-

favorable situation. A female carrying

young within her may obviate many
of these dangers, although she herself

is subject to perils that may quite sud-

denly destroy her and her entire brood.

Such dangers confront the females

of egg-laying species as well. Here the

loss of the adult with her cargo of un-

fertilized eggs seems to be relatively

much greater, because oviparous spe-

cies often compensate for the potential

dangers to every set of eggs by pro-

ducing them in larger quantities.

One may almost think of the rela-

tively higher egg production of ovi-

parous species as a built-in margin

for error that nature has carefully

Sequence shows movements of male

guppy, Lebistes reticulatus, while it

swings gonopodiuni forward and to side.



A I'OECiLiiD FISH from northern South America, Tomeurus
grncilis, exhibits an unusually specialized gonopodium. It

includes antenna-like structures that emerge from the tip

and aid male in locating correct spot for sperm deposition.

calculated to allow a "reasonable"

percentage of survivors. From this

viewpoint, oviparous animals must

manufacture a relatively large amount

of li\ ing material to achieve the same

reasonable percentage of survival at-

tained by the young of viviparous

species. Moreover, the voung of ovi-

parous fishes frequently hatch from the

egg as larvae—helpless and grotesque

little animals that must lie about for

a time until their embryonic food sup-

ply is absorbed and they are finally

able to swim and feed actively. The

young of viviparous forms, on the

other hand, are frequently born at a

very advanced stage of development,

and from the very first behave and ap-

pear like miniatures of the adults.

Now, consider an egg-laying species

of fish that simply casts its sexual prod-

ucts freely into the water. Place such

a fish at mating time in a tidal embay-

ment, or in a swiftly flowing stream

or river. Clearly, unless the sperms

could somehow be channeled, many of

them would be swept away, and count-

less eggs would go unfertilized.

Suppose the fish then developed

some means of localizing the flow of

sperms toward the eggs—by directing

them with the anal fin, for example.

Movements of gonopodium and pelvic

fin form cup to receive sperms, which

are directed by folded gonopodium.

Numerous sperms would undoubtedly

be washed away in this case, too. but

— , many more would be turned toivard the

, egg, and fewer eggs would be left as

a sterile reminder of nature's imper-

fections. Last, suppose that the fish

then developed a means of localizing

the process of fertilizing the eggs with-

in the confines of the female's body—
for example, by introducing the sperms

into the female's sexual pore. Cer-

tainly, in the present context, internal

fertilization represents the ultimate

economy of sperms, and would have

great advantages for fishes that live

and breed in flowing waters. Once in-

ternal fertilization is accomplished, we
may say that that species is preadapted

to evolve means of retaining the eggs

that have been fertilized.

A slight delay in the extrusion of

the eggs to allow internal fertil-

ization could in time be translated into

a longer period of retention while the

female sought an environment suitable

for oviposition. When the fertilized

esas are retained until thev hatch with-
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Rodlike anal fin of male Pseudoxiphophorus bimaculatus
readily identifies it. In contrast, the female's anal fin is

considerably shorter and noticeably fan-shaped. Species

is from tropical lowlands of Mexico and Central America.



in the female, and when the intrinsic

|ood supply of the egg— the yolk— is

largely replaced by nutritive materials

from the maternal circulation, vivi-

jarity may he said to have evolved.

Ai.Tiioucii viviparity seems to be a

real economy for a fish, regard-

less of its environment, it is nonethe-

less a comparaliveiy rare phenomenon.

Of the more than 300 families of bony

fishes ( not including sharks
) , fewer

than ten are known to include species

thai give birth to living young. These

figures appear to contradict every-

thing that has been said about the pre-

sumed advantages of viviparity. One

salient reason why relatively few fish-

es are live-bearing is suggestetl by the

extraordinary complexity of the struc-

tural modifications that make internal

fertilization possible in an aquatic en-

vironment. Sometimes an entire fin has

become altered, solely for the purpose

of introducing sperms into the female.

One may readily appreciate that the

loss of an important organ of locomo-

tion could be a very real disadvantage

to a fish that lives in a world inhabited

by predators.

To understand the complexities, it

might be well to emphasize some sim-

ple aspects of general fish anatomy.

The skeleton, for example, is essen-

tially a large, bony skull joined to

one'end of a long rod that has widely

spaced spines above and below. The

rod. between the two sets of spines,

is the animal's backbone, made up of

a large number of small, hourglass-

shaped vertebrae. These are flexibly

hinged together to enable the back-

bone to bend from side to side. At

seven points along this central body

skeleton are other bony structures-

some platelike and some shaped like

small combs—and these are the internal

fin supports. There are also a pair ol

pectoral fins, a pair of pelvic fins, a

dorsal fin. an anal fin. and a caudal

fin. Between the pectoral fins and the

front of the anal fin. the lower spines

of the central skeletal axis are not

developed, and rigid support in this

abdominal region is supplied by a

series of paired ribs.

The poeciliid fishes form a striking

exception to the basic pal tern. As the

male and female poeciliid approach ma-

turity ( usually in one or two months I

.

the lower spines located above the

anal fin begin to erode. This process

first appears near the base of the for-

ward-most spine, where it attaches to

the backbone. As more and more of

the spine erodes, the same process be-

I)|{. lidsKN is A-.is!;inl Curjliir in Till

Amiiimw Miski M'h Di-partminl of

l(lilli\(ilo(:y. Hi- ^|Ml•i:ll int<?rf'»li. an-

III -\ -li'in^ilio anil I'dniparative :iii<l

III 11(1 iiiiKil iiiiir|ilHilii):ir j| -liidic-.

;;iM> in the .sciuiui >pini'. anil .-o im.

until three to five spines are affected.

In the female, the jjrocess of organic

erosion continues unabated until the

forward two or three spines have van-

ished completely, thus making way for

the large ovary soon to be distended

uith young. In the male, the same

process of erosion occurs, but just

when the first spine has become de-

tached from its base or mostly elim-

inated, a building up process, which

effectively counteracts the tissue break-

down, is instituted at the spine's weak-

est point. At the same time, the under-

lying anal fin and its internal supports

migrate forward in the body, drawing

with them the lower spines, which bend

at their weakened bases to accommo-

date the shift of the anal fin. This phe-

nomenon ceases at about the time the

building up process produces a lump

at the spine's point of flexure.

As the male's internal skeleton is

being modified in response to increas-

ing quantities of male sex hormone,

the bony rays of the anal fin are

.s\M>iMiM. M(Hio>s lit liialo ixM'iiliiil in relalion to (ciiiali;

I iiifcl 1 in -.iirrin Iraii-firal. rf'Hiircs ciinfiileralile a|;ilily.



also being altered substantially. At

first, the only sign of change is a slight

increase in the length of the first few

rays. As sexual development proceeds,

the third, fourth, and fifth anal fin rays

show a sudden spurt of growth, and

in the space of a week or two, they

have doubled or trebled in length. At

the very tip of these tremendously

elongated rays, a series of tiny barbs,

hooks, teeth, and other structures

develop, and when they have been

fully formed, the male fish is sexually

mature and undergoes no further ana-

tomical changes. The long and com-

plicated anal fin of the male poeciliid

is called a gonopodium, and is used to

transfer sperms to the female.

The functional importance of the

male anatomical modifications may be

appreciated within the framework of

poeciliid courtship and mating behav-

ior. In many species, courtship begins

when a male, having attracted the at-

tention of a female, spreads his fins,

quivers his body, swings his gonopo-

dium forward, and gently touches the

female with mouth or fins. The female

responds either by remaining com-
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m
Skeletal change takes place in

anal fin supports in maturing of

juvenile to female, left, and to

male, right. Area of the change
is circled above the dotted line.

paratively still or by assuming a tail up
position near the male. The male then

swings behind and slightly below the

female, moves the gonopodium fully

forward and to one side, and places

its tip near or within the sexual pore

of the female. If, during this mating

contact, sperms are actually passed,

the male signals the occurrence by

suddenly breaking away and dashing

rapidly about in the immediate vicin-

ity of the female.

THE entire procedure sounds rela-

tively simple until one realizes the

contortions the male must perform in

order to transfer the sperms success-

fully. The complex maneuvers involve

the following adjustments of position:

( 1 ) an increase in the angle of pitch

as measured by the higher position of

the head in relation to the tail, which

enables the male to give an upward
thrust with the gonopodium; (2) a

roll in the horizontal plane that brings

the gonopodium closer in for greater

accuracy; (3) a pivoting of the body

around a point located behind the

head, which tends to bring the entire

body and the raised gonopodium next

to the female sexual pore.

In most fishes, the anal fin (which

in poeciliids is the gonopodium) is so

far back on the body as to be com-
pletely out of the fish's visual range.

If the fin has developed farther for-

ward in the body, the raised fin tip

is brought within the visual field, and
allows sight cues to increase the ejffec-

tiveness of the mating contact.

Moreover, a fish usually pivots its

body back and forth as it moves for-

ward in the water, and the pivoting

point is located just behind the head,

more or less coinciding with what is

termed its "center of mass." Since the

fish pivots on this point, it follows that

the body area around the center of

mass has the least amount of side-to-

side movement. It also follows that the

fins located nearest the center of mass
will experience less side-to-side sway
than will fins located nearer the tail.

Hence, as the modified anal fin, or gon-

opodium. of the male poeciliid shifts

closer to the center of mass, the male

is able to adjust the fin's position dur-

ing courtship without having to com-



jieiisate for extensive Ixidy niolions.

Su|jeifitially, both cciurtship and

malinj; in the oviparous cyprinodon-

tid kiilifishes are ([uite similar to the

activities in tlie poeeiliids. The male

cyprinodontid utilizes the same court-

ship display, except that it cannot

swing its unmodified anal fin forward.

But the male cyprinodontid elevates

and spreads all its fins (o their fullest

extent during courtship, and in mating

behaves in a manner suggestive of poe-

eiliids. The male circles to a position

below and behind the female, pitches,

rolls, and |)ivots until the sexual pores

are apposed, and then bends and

stretches the anal fin forward as far as

it will go. In this position, the fin is

slightly cupped in the middle and is

directly underneath the female's sex-

ual pore. The female quivers slightly

and ejects her eggs. A\ the same in-

stant, sperms are forced from the sex-

ual pore of the male and are deflected

toward the falling eggs by the inclined

anal fin. Thus we may see that even in

the egg-laying kiilifishes, the anal fin

directs the sperms toward the egg. It

is not hard to imagine how such a fin

might evolve into one that could be

raised just a little more, cupped just

a little more, and lengthened just a

bit. until it had become transformed

through time and thousands of gener-

ations into a very simple type of gono-

podium. Indeed, everything about the

egg-laying kiilifishes seems to point to

poeciliid specializations, and biologists

therefore feel justified in thinking that

millenniums ago the ancestors of poe-

ciliid fishes looked much as their egg-

laying relatives do today.

WE may never know precisely

how much of an advantage vivi-

parity confers. It is only an informed

guess that live-bearing plays a dom-

inant role in allowing the poeeiliids to

penetrate with comparative ease into

regions that are less hospitable to their

oviparous cousins. Poeeiliids are, after

all, heirs to but a small part of the

world's aquatic domain—mainly fresh

and brackish waters of tropical Middle

America and the West Indies. Per-

haps their success in this twilight zone

between the great, stable fresh-water

basins of the continents lo the north

and south is simply a measure of the

extent to which organisms, in perpet-

ual evolutionary contest, may develop

the most intricate specializations to

become a notch more efficient and bet-

ter adapted than their closest relatives.

LIVE BEARER EGG LAYER

.^s^^mm.'m^-'fT?!^^
'*'/?m#ii*.

3

EvGLi'TiON of the poeeiliids from
ancestral type (lower figure) may
have proreeded as shown at left;

modern egg-laying kiilifishes may
look much like poeciliid ancestor.
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Magellan on voyage is depicted in a woodcut of 1523.

SKY REPORTER
Explorer's odyssey kindled interest in the Magellanic Clouds

By SiMONE Daro Gossner

THE Magellanic Clouds are among the most remark-

able features of the sky. Unfortunately for northern

observers, they are visible only in the Southern Hemisphere

and to 15° North Latitude. They remained virtually un-

known to the Western world except for scattered accounts

by navigators of the late Middle Ages and early Renaissance,

who reported sighting them in the vicinity of the Cape of

Good Hope. Because of this, they were originally called

the "Cape Clouds," but received only scant attention.

On September 20, 1519, the great Portuguese navigator

Ferdinand Magellan sailed with five ships from the Guadal-

quivir estuary on the westward voyage that would make

him famous. The purpose of the venture—to find a west-

ward route to the Moluccas—forced him into southern At-

lantic waters and eventually around the Horn. The Cape

Clouds were sighted again. Magellan died in the Philippines

and never saw the fulfillment of his dream, but one of his

ships succeeded in returning home, completing the first

trip around the world. This proof that the earth is spherical

was the principal reason for the acclaim that greeted the

expedition. Eyewitness accounts of the trip fired the imag-

ination, and every detail, including astronomical observa-

tions, was eagerly studied. The Cape Clouds finally re-
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ceived the attention they had been denied in the past.

Henceforth they would be called the Clouds of Magellan.

These two bright patches of nebulosity, one larger than

the other, resemble the Milky Way in brightness and ap-

pearance, but they are found at some distance from it. The
Large Cloud (LMC ) is situated in the constellation Dorado
and spans about seven degrees, or nearly fourteen times the

diameter of the moon. The Small Cloud (SMC) is in

Tucana, close to the globular cluster 47 Tucanae (Natural

History, June-July, 1962 ) , and is about four degrees wide.

Both are easily seen with the naked eye.

The Clouds are small galaxies. They are, in fact, the near-

est neighbors of the Milky Way and are usually considered

its satellites, just as NGC 204 and NGC 221 are called the

satellites of the Great Galaxy M31 in Andromeda ( Natural

History, November, 1962). But there the similarity ends.

Whereas NGC 204 and 221 are well-ordered elliptical sys-

tems, the Magellanic Clouds are irregular conglomerations

of stars, gas, and dust. Only in the LMC is there a slight

hint of spiral structure. Bright blue stars are found in

abundance, together with Cepheid variables, red super-

giants, novae, gaseous nebulae, and globular clusters.

The distance of the Magellanic Clouds from earth is not



known with great accuracy and has undergone a number of

revisions in the past fifty years. It would be presumptuous

to assume that the value adopted at present is the definitive

one. At any rate, it is currently estiinated at roughly 200. ()()()

light-years, or about 1.2 billion billion miles.

IT
is indeed unfortunate ihat the deleiminalioii of the

Clouds' distance |)roves to be so troublesome. They are

near enough to earth for their individual stars—at least

the brighter ones—and other constituents to be studied in

detail. Information gathered in this way can be applied to

more remote galaxies, but only by extrapolation. Actually,

the entire distance scale of the universe depends on the

knowledge of our distance from nearby galaxies such as

the Clouds an<l Andromeda. Since the most powerful tele-

scope, the 200-inch Palomar instrument, penetrates about

30,000 times farther into space than the Clouds' distance,

an error in the latter would be magnified 30.000 times at

the confines of the observable universe.

The greatest difficultv in astronomical studies is that most

galaxies lie tantalizingly beyond the effective reach of in-

struments. If a star of a particular type exists in the neigh-

borhood of the sun. it can be photographed, its magnitude

can be measured, its spectrum can be recorded and studied,

its light variation, if any, can be plotted, and so forth.

Knowledge thus acquired may then be used to draw con-

clusions about stars of the same type found at distances too

great to allow complete study. The stumbling block in this

procedure, unfortunately, lies in the assumption that stars

of a given type always behave in the same way. whether they

are in close proximity to the sun or in a distant galaxy.

Such methods and their far-reaching consequences, both

good and bad. are illustrated by the manner in which

Cepheid variable stars have been used to measure the dis-

tance of the Magellanic Clouds. Cepheid variables have a

remarkable projierty—the period of their variation is re-

lated to their intrinsic brightness. This pro|)erty first came
to light in 1912. in a study of Cepheids in the SMC. Ob-

servati(jns revealed that all Cepheids with the same a[)parent

brightness had the same period, and the brighter the star

the longer the period. Since all these Cepheids were at the

same distance from us I that of the SMC itself I it was evi-

dent that the relation held true for their intrinsic brightness

I or absolute magnitude I as well. Just as street lights appear

fainter the farther away they are. the apparent magnitude

of a star also decreases with greater distance. Therefore

the distance of a star may be estimated if both its absolute

and its apparent magnitudes are known. For the SMC
Cepheids. however, only the apparent magnitude could be

measured, and astronomers had to look elsewhere to find

the corresponding intrinsic brightness. Fortunately, or so

it seemed at the time. Cepheid variables had been found in

some globular clusters with known distances. The period-

versus-brightness relation of Cepheids could thus be cali-

brated, yielding the distance of the two Clouds and, even-

tually, the scale of the universe. Alas, it was found a decade

ago that cluster Cepheids are systematically 1..5 magnitude

fainter than those in the SMC. corresponding to a factor

of 2 in the estimated distance. Surprised astronomers found

their universe was twice as large as they had estimated.

Clouds of Magellan comprise Small Cloud, upper left, and Large Cloud, right. Bright star, lower left, is Alpha Eridani.



THE SKY IN DECEMBER

From the Almanac:

First Quarter

Full Moon
Last Quarter

New Moon

December 4, 11:48 a.m., EST
December 11, 4:28 a.m., EST
December 18, 5:43 p.m., EST
December 26, 5:59 p.m., EST

On December 22, at 3:15 a.m., EST, the sun will reach

winter solstice—southernmost point in its apparent yearly

path—and winter will begin in the Northern Hemisphere.

For the visual observer:

- Mercury, in the evening sky, will remain close to the

sun throughout the month. By December 31, it will set 90

minutes after the sun and may be found very low in the

southwest at dusk; its magnitude on that date will be —0.5.

Venus, in the morning sky, will reach greatest brilliance

(—4.4 magnitude) on December 18. It will shine brightly

in the southeast before dawn and will rise two hours before

the sun on December 1, three hours before on December 15,

and three and one-half hours before on December 31.

Mars, in Leo, will increase steadily in brightness (from

-|-0.3 magnitude on December 1 to —0.4 on December 31)

as it swings back toward the point nearest earth in its two-

year orbit. It will rise in the east at 10:00 P.M., local stand-

ard time, December 1, 9:00 p.m. December 15, and 8:00

p.m. December 31. It will pass overhead about seven hours

after rising and will be high in the west at dawn.

Jupiter, in Aquarius (—1.8 magnitude), will be in the

south at dusk, setting in the west at 11:15 P.M. December

1, 10:30 P.M. December 15, and 9:30 P.M. December 31.

Saturn, in Capricornus (
4-0.9 magnitude), will be visi-

ble in early evening, setting at 9:00 P.M. on December 1,

8:00 P.M. on December 15, and 7:00 P.M. on December 31.

The Geminid meteor shower is expected on December 13.

Although this shower averages 50 meteors per hour at

maximum (as viewed by a single observer) , the brightness

of the moon—two days past full on that date—will seriously

hamper attempts at observation. The Ursid shower, on

December 22, with an expected maximum rate of 15 meteors

per hour, will be relatively easier to observe.

Marking the Seasons

Were it not for certain climatological factors, it would

seem more logical to take the solstices and equinoxes as

the mid-point of each season rather than its beginning. As
a matter of fact, a fragment of a calendar found in a Roman
villa dating approximately from the start of the Christian

Era gives the beginning and end of spring as February 9

and May 14. The latter date, being also the beginning of

summer, coincided with the heliacal rising of the Pleiades

at that period—that is, the first day of the year on which

the Pleiades were seen rising before the sun. Therefore,

the custom of taking the equinoxes and solstices as dividing

dates between the seasons has not always existed. The same
calendar fragment gives March 22 as the spring equinox,

about midway between February 9 and May 14. Mystify-

ingly, however, it gives for "mid-spring" the date of April

28, which it identifies as the heliacal setting of Aries.

By mid-spring was probably meant "the height of spring,"

and one may assume that the Romans had noted how the

seasons lag behind their corresponding equinox or solstice.

On tlic piecediri); pages. Mrs. Gossner presents the final
article in her 1962 series—a survey of the celestial sphere.
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Naturalists' Notebook

Emerging from its shell, Helix pomatia thrusts out

edges of foot, following it with the head. Eyes push up from
dorsal feelers, center, and animal gropes for ground,
overbalancing shell on which the epiphragni can be seen.

POTLID MOLLUSK
Calcareous seal protects land snail

WHEN cooling temperatures signal

the coming of fall weather, the

land snail prepares to hibernate. It

seeks out a winter resting place be-

neath fallen leaves, or burrows under

the surface of the soil, and there se-

cretes a calcareous substance that

forms a casing, or epiphragm, across

the shell opening. Thus protected from
cold, it becomes torpid and awaits

spring. In April or May it pushes off

the epiphragm. and emerges from the

shell. In summer the snail may seal

itself against excessive heat.

The subject of these photographs is

Helix pomatia, a large land snail

whose range is south, east, and middle
Europe, Denmark and south Sweden.
Its delicate flavor has made it a popu-
lar food since Roman times. Despite

its simple external appearance Helix

pomatia is surprisingly complex ana-

tomically. Many of its internal organs
are in the visceral hump, an area that

always remains inside the shell. A
strong columella muscle that winds

through the spirals attaches the raol-

lusk to its shell and enables the head

and foot to be contracted inward.

At its head the snail bears two pairs

of tentacles. The eyes, near the tips

of the dorsal pair, perceive general

shapes and, like the skin, are sensitive

to sudden changes in light. The frontal

tentacles are organs of touch and

chemical sense. Helix pomatia chews

vegetation with the aid of an astound-

ing number of teeth—usually some
27,000 arranged in about 175 rows.

The number is variable, as old worn
teeth are continually being replaced

by new ones. One individual snail was
known to possess 40,725 teeth.

The species is sometimes called the

apple snail, although it does not derive

its name from the Latin pomum, apple,

but from the Greek poma, potlid, a

term descriptive of its calcareous seal.

Fully extended tentacles help the niollusk to locate

surrounding vegetation. Visible on the shell are

characteristic horizontal bands and vertical growth ridges.
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WASHINGTON NEWSLETTER
By Paul Mason Tilden

As cities go, the nation's capital is a

handsome one, with beautiful fed-

eral buildings, tree-lined streets, and

parks and green spaces scattered in pro-

fusion over its 69 square miles. Its busi-

ness section boasts no concrete canyons,

for its office and commercial buildings

are limited by regulation to a modest

vertical rise. All of this is as it should

be, for Washington is the Federal City;

despite some serious geographical limi-

tations, it is a showcase for its proprie-

tors, the people of the United States.

This pleasant state of affairs is not one

that is viewed comfortably by residents

as either automatic or perpetual. There

is a strong and constant downtown push

for "better business"; better business ob-

viously calls for more and bigger roads

into town, and for years the conservation

organizations headquartered in Wash-

ington, in alliance with civic organiza-

tions and prominent citizens, have strug-

gled to prevent the capital city from con-

crete embalmment; from being overrun

by the superhighways, expressways, free-

ways, ramps, and bridges that are pro-

posed for it every year.

This stand is taken on the grounds

that: (a) Washington traffic is congested

enough as it is, and hardly needs the

additional flood of vehicles that express-

ways would invite; and (bl the city's

primary reason for existence is not

commercial or industrial, and it should

remain aesthetically pleasing and un-

harrowed by a melange of new roads and

ramps. It is noted also that such "im-

provements" are quite often advocated

for land now occupied by the city's parks

and green spaces. In a recent instance,

a Washington conservation organization

played a prominent part in court pro-

ceedings that blocked— temporarily, at

least— conversion of one of Washing-

ton's finest woodsy parks into a high-

speed expressway.

While most expressway projects for

the city are proposed in the name of

"planning for the future," conservation-

ists and some others have long suspected

that underlying motives are not glacially

pure. They were thus recently amused
and gratified when a city highway offi-

cial, being heard by a House appropria-

tions subcommittee in defense of a huge,

new road-and-bridge network for the

District, expressed alarm that "anyone

would seriously propose something that

might disrupt the economy of the nation

by raising doubts in the mind of people

with reference to automobile transporta-

tion." Noted, too. was the fact that the

hearings were well sprinkled with bridge

and highway engineers, representatives

of trucking associations, gasoline and
tire dealers, and some others whose al-

truistic interest in the matter might be

open to question.

To date, the warning specters of a

future Detroit in cobwebby ruins and the

nation's economic muscles in paralysis

have not persuaded Washington conser-

vationists that the "concrete jacket" is

preferable to the park and the green

space, better business or no.

Ducks and Farmers

DUCK hunters who fancied they had
fewer feathered targets on which to

exercise their skills during the 1962 sea-

son were correct; there were fewer ducks

to be taken especially of canvasback,

redhead, and black species. Shooting of

canvasbacks and redheads was entirely

prohibited during the current season, as

it was in the previous year. The nation's

duck population is at an all-time low.

Duck-shooting regulations are promul-

gated by the Department of the Interior

on the recommendation of the Waterfowl

Advisory Committee, composed of vari-

ous state delegates and conservation or-

ganization officials; the regional knowl-

Mr. Tilden regularly contributes
his observations of the Washington
scene to Natural History. He is

editor of National Parks Magazine.
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from the U.S. Fisli and Wihilife Service

to produee a sound l)ase [or Department

(if Interior action and regulation. Official

<ause of tiie duck scarcity: a continued

severe drought in the duck-hreeding

grounds of the northern United States

and Canada, especially in the important

prairie pothole counlry.

Conservationists undlllcially adtl an-

other cause, too; (uie that is seldom

pr(miinent in government releases. This

is the continuing drainage— in some in-

stances with heneHt of government sub-

sidy— of glacial potlndes in the north-

ern plains country, and of marshlands

elsewhere; a drainage designed to add

m(ue productive farmlands to those al-

ready overwhelming the nation's ware-

hou.ses with surpluses. Vanishing with

the potholes are myriad, vital waterfowl

breeding grounds.

Pointing up the anomalous aspects of

Washington policy toward both ducks

and farmers is the current warfare be-

tween the Bureau of Reclamation and

the Fish and Wildlife Service, both in

the Department of the Interior, over the

future of the great Tule Lake-Klamath
marshlands of northern California and

southern Oregon, which are used by

some 80 per cent of the Pacific flyway's

migrating ducks and geese. The 100.000-

acre area, which for years has been both

a national refuge for waterfowl and a

rich agricultural land, is squarely in the

sights of farmers and homesteaders, who
argue— with the blessing of the Bureau

of Reclamation— that they should put

more of the refuge under the plow. Fish

and Wildlife has stoutly resisted the pro-

posed incursions.

Introduced into the 87th Congress by

Senator Kuchel of California was a bill

that would forbid the opening of any

more Tule Lake-Klamath refuge lands

to farmers and homesteaders. The bill

has passed the Senate, but at this writing

is still in the appropriate committee.

Living Space for Wildlife

APROPOS of the preceding paragraphs.

it might be noted that the Depart-

ment of the Interior's Migratory Bird

Conservation Commission has, over the

course of the past few months, author-

ized the establishment of a number of

new national wildlife refuges. These

were: the Harris Neck Refuge, south of

Savannah. Georgia, of 2.686 acres; the

Alamosa Refuge, in the San Luis Valley
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of southern Colorado, of 9.429 acres; the

Davis Island Refuge, near Vicksburg,

Mississippi, of 25.942 acres; the Eastern

Neck Refuge. 2.071 acres on the Eastern

Shore of Maryland: the Primehook
Refuge, in Sussex County. Delaware, of

11.233 acres; the Toppenish Refuge, in

Washington State's Yakima River water-

shed, of 12.379 acres; and the Lake
Nettie Refuge, in McLean County, North

Dakota, of 2.890 acres. The Commission
also authorized land additions to several

previously existing refuges in parcels

ranging from as little as a half-acre to

more than 7.000 acres.

The Migratory Bird Conservation Com-
mission is by law composed of the Sec-

retaries of Interior. Agriculture, and
Commerce, two senators, and two repre-

sentatives, with a number of state fish

and game commissioners (or their equiv-

alents, such as commission directors,

etc. ) as members ex officio.

The national wildlife refuges, with a

total acreage of about 290 units now
covering roughly 28.5 millions of acres,

are not. and were not particularly de-

signed to be. complete wildlife sanctu-

aries where the guns of hunters are never

heard, although certain of them may be.

To this extent the term "wildlife refuge"

is something of a misnomer. Interior's

Fish and Wildlife Service, which has im-

mediate jurisdiction over the areas, may
prescribe hunting seasons and regula-

tions within them, or may proscribe

hunting completely, depending on the

local and general population condition

of the animals using a particular refuge.

In this sense, wildlife refuges are game
management units rather than sanctu-

aries in the stricter sense of the word.

Indeed, many refuge acquisitions are fi-

nanced by funds received from the sale

of federal duck stamps to hunters, and
to a smaller extent to other wildlife en-

thusiasts and philatelists. Most conserva-

tionists— even those of the strict preser-

vation segment— feel that the many col-

lateral benefits to wildlife of all kinds

fully justify the existence of the national

wildlife refuge system.

Success at Point Reyes

AMONG the numerous areas that have

been legislatively proposed for na-

tional park or seashore status, perhaps

none has stood in need of more immedi-
ate congressional attention than the twin

seashores of Point Reyes in California

and Padre Island on the south coast of

Texas. Both of these tracts have been

under immediate threat of development;

indeed, certain sections of Point Reyes
were under the cleats of the bulldozers

even as Congress deliberated its merits

as a national preservation.

During these closing days of the 87th

Congress' second session, a bill spon-

sored by California Senators Engle and
Kuchel and already safely through tlie
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Senate during the first .session, passed

the House of Representatives with a

mere scattering of dissent, and witli only

a few minor amendments. Authorized

was a Point Reyes National .Seashore of

approximately ."jS.OOO acres on the scenic

shores of .Marin County. California,

roughly 35 miles north of San Francisco.

Of the .53.000 acres to be acquired

eventually and set aside for national

recreational use. about 26.000 will con-

stitute a rather remarkable "pastoral

zone." wiiere the present pattern of land

use— almost exclusively ranching and

dairying— will be carried on as in the

past, a part of the scene to be preserved.

Congress stipulated that pastoral lands

are safe from g<ivernment acquisition by

condemnation as long as landholders be-

have themselves and keep their lands

from adverse uses.

Conservationists have not strongly

opposed such hybrid preservations in the

past—somewhat similar compositions

were made in Everglades National Park

a number of years ago. and more re-

cently in the authorization of Cape Cod
National Seashore—but they point out

an inherent weakness in park legislation

that authorizes inholdings of any sort. If

inholders kick over the traces, the Na-

tional Park Service, as the agency im-

mediately concerned, possesses the letter

of the law but no acquisition funds.

As in the case of the newly authorized

Cape Cod National Seashore in Massa-

chusetts, enabling legislation for Point

Reyes provided no funds for an immedi-

ate start at land-buying. Shortly after the

final passage of the bill, however, its

sponsors in both House and Senate dis-

patched an urgent letter to President

Kennedy requesting a %S million special

appropriation for the National Park
Service to acquire land in threatened

portions of the Point.

A
little less than two months after

the Point Reyes authorization, the

House easily passed Texas Senator

Ralph Yarborough's bill to bring about

80 of bow-shaped Padre Island's 117

miles into the national park system as

a national seashore. Long, narrow Padre

Island is a barrier beach that stretches

from Corpus Christi on the north to

Brazos Santiago Pass, in the general

vicinity of the Mexican border, on the

south. Separated from the Texas main-

land by the Laguna Madre. it is a soli-

tary and still-unspoiled haven for ad-

venturesome or troubled humans. Yar-

borough's Padre Island bill had been

passed by the Senate earlier in the year
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ing, at his faulty English.

He yearns to join the school club, buy personal books,

clothing, go out for a soda with the other boys. But his

parents are too poor to give him pocket money. And so

Tommy wanders off by himself and dreams that someday
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mates do.
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by a comfortable margin ; the final legii 1

lation was. however, somewhat in thi

nature of a compromise between the 8

miles asked in the Senate bill and tlisl

65-mile preservation called for in tw^

House-sponsored bills. The House gen

erously added another million dollars tclj

the four millions requested by Yarborl

ough for land acquisition, and the bill

went to the President for his signature!

considered a certainty.

Changing of the Chiefs

SHORTLY after the previous installmen

of this report was placed in type, <

figure long familiar to the nation's con

servationists announced his voluntar)

retirement from public life. This was

Dr. Richard E. McArdle, career forester

who for the past ten years had been

Chief of the U.S. Forest Service in the

Department of Agriculture and the guid

ing hand behind the policies that gov

erned some 185 millions of acres of

national timber and grasslands.

At 63, Dr. McArdle could look back

over thirty-nine years of public service,

most of it in forestry. During that

time he accumulated uncounted awards

and honors, both national and interna-

tional, in forestry and conservation. Dr.

McArdle, a native of Lexington, Ken-

tucky, graduated from the University of

Michigan, an institution that has fur-

nished the nation with many an able

conservationist. He was succeeded as

chief forester by one of his assistant

chiefs, Edward P. Cliff, who also has

made a career in forestry.

Rays of Sunshine

CONSERVATIONISTS are often regarded

by a part of the public as profes-

sional peddlers of bad news— a breed

that views the world through glasses es-

pecially dark-tinted for the trade. The
conservationist counters by saying that

his reputation stems from the nature of

his profession—that his vulnerability to

the charge is an occupational hazard.

Conservationists have been able to

take a more hopeful attitude toward the

futures of three species of animals—two

birds and a mammal—that until re-

cently seemed quite likely to join the

roll of the extinct. First of these is the

whooping crane, for which the United

States Fish and Wildlife Service, as well

as conservationists, scientists, and lay

citizens, has done a masterful job of

both publicity and protection. A late

winter count of the big birds at the

64



For the first time, due to a manufacturing
breakthrough ... a quaiitij telescope for only

$9.95! Ideal instrument for all kinds of na-

ture study, for vacations, for all outdoors.

No clumsy draw tube — focus with a single

turn of the eyepiece. Only lOW" long, and
weighs just 9 ounces. Belt holster accessory

at 98f^. See it at optical, photographic and

sporting goods dealers. Made to American
standards of quality by America's most
respected optical craftsmen, Bausch&Lomb
Incorporated, Rochester 2, New York.

BAUSCH & LOME^
Aransas National Wildlife Refuge on

the Texas coast showed that thirty-three

adult and five young whoopers had ac-

complished the long flight south to

Aransas from the 17.300-square-mile

wilderness of Canada's Wood Buffalo

Park in northern Alberta and the North-

west Territories during the fall of 1961.

(Wood Buffalo was actually established

to preserve the northern species of the

American bison, but it also serves im-

portantly as a nesting and breeding

ground for the whooping crane. I

In 1938, first year of official count, the

whooping crane was within fourteen

birds of extinction. Now there are forty-

five. Thirty-eight are in the wild, six

are in the New Orleans Zoo. and another

is in San Antonio, Texas. It is a hopeful

figure, but not yet a wholly safe one.

The second bird for which the future

had until recently looked dim is the

rather un-gooselike Hawaiian goose

called the nene, presently confined in its

breeding grounds to a strip of barren

black lava on the great shield of Mauna
Loa in Hawaii Volcanoes National Park.

From an estimated population of 25,-

000 in the latter part of the eighteenth

century, the nene, Branta sandvicensis,

declined rapidly with the influx of the

white man. Excessive hunting, plus de-

struction of nene habitat by the white

man's camp followers—the dog, the rat.

and other exotics—had reduced the big

bird's numbers to an estimated fifty

by the first decades of the twentieth

century. Rather late in the day. the Ter-

ritory (now state) of Hawaii derided

that something should be done.

First. HCHe-hunting was outlawed.

Then, in 1958. a Hawaiian goose restora-

tion program got under way with a fin-

ancial boost from the U.S. Fish and
Wildlife Service. A breeding program

began under the supervision of a profes-

sional ecologist. and in 1960 twenty

young nene were released to join their

wild companions on Mauna Loa. These

were followed by another twenty in

1961. It is now thought that under close

unfold the secrets of the human anatomy

ssi&rymm^Mim
S S E M B LY KIT

a fun hobby that reveals the wonders of the body Authentic, in exact scale to the human body ... so
amazingly accurate It Is Indispensable for pre-med students, biology classes, etc. Assembling It Is a thrilling

experience and an education as the wonders of nature unfold before your eyes. Reveals bone structure, all vital

organs, muscles, respiratory and vascular systems. The finished model Is an awe-insplring display. Kit Includes

easy-to-follow Instructions and handbook by medical authority. $498

Other Renwal kits include the Visible Woman (with optional pregnancy feature) and
Visible Head, Dog, Horse, plus Insect and Reptile Science and Human Skeleton.

Renwal, Mineala, New York-Dept. NH-4

Please send me a free copy of "Getting a Jump
on the Future with a Renwal Hobby".

Address

City State

j
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protection the nene, a graceful goose

that has seemingly renounced ivatery

ways for life in the barren aa fields of

Mauna Loa. may well attain a popula-

tion figure that will insure the survival

of the species.

The third animal for which the future

seems much brighter is the tule elk. or

dwarf wapiti, a mammal that once

roamed the interior valleys of California

in great numbers. It was brought to the

brink of extinction during and after

Gold Rush days by excessive hunting.

First described scientifically in 1905

by Dr. C. Hart Merriam. of the old

Bureau of Biological Survey (now the

Fish and Wildlife Service ) . Cervus nan-

nodes derived its common name from the

tule swamps of Kern County, the natural

refuge in which were found the few

remaining representatives. It is said,

probably fancifully, that by 1870 there

remained but a single pair of elk in the

tules ; a less romantic but probably more
accurate figure might be eight or ten.

UNDER the personal protection of a

conservation-minded Kern County

rancher, the remnant herd began to in-

crease; but since the tule elk subsists to a

large extent upon grasses, and competes

in this respect with domestic herds, its

problems also increased. Various at-

tempts were made to transplant the

mammals to less competitive terrain;

these either failed or were abandoned.

In 1932, the California State Park

Commission set up a small tule elk

refuge at Tupman. near Bakersfield. but

this was quickly overgrazed, and the

mammals live in the refuge today under

a baled-hay economy, almost as in a

zoo. However, some other elk from Kern
were transplanted to the Owens Valley

of Inyo County, just east of the High
Sierra; these have become the important

remnant of the species, and their num-
bers reached 313 by December of 1961.

Here again, despite occasional herd

reductions, the elk compete for susten-

ance and space with man's domestic

creatures, producing controversy and
conflicts of interest. The obvious answer

to the mammal's problem of survival is

a refuge of sufficient size and suitable

habitat to insure the perpetuation of the

race in as natural a setting as possible.

Toward this end the Committee for

the Preservation of the Tule Elk was
formed in 1960. Its prime purpose: to

establish some 240 square miles of the

southern part of Owens Valley as a

permanent sanctuary for the animals.

The nature of the committee's staff and
advisory board, which includes some dis-

tinguished names in the fields of science

and conservation, seems to indicate thai

any gestures made by the group will not

be idle ones, and that the diminutive elk

may have a permanent home in the

reasonably near future.

Birth of a New Bureau

As a rule, the recommendations of fed

eral study groups and commissions

have not, in past years, been accorded

the positive action on the part of gov

ernment that their considered findings

might seem to justify. This is for a num-

ber of reasons, in part political, and is

of little concern here. In any case, the

establishment of a Bureau of Outdoor

Recreation in early summer of 1962. pur-

suant to recommendations of the Out-

door Recreation Resources Review Com-
mission, prompted one prominent Wash-

ington conservation figure to remark that

"an unusual event has occurred in

America: the appearance of an official

Federal study recommending a good pro-

gram which is , . . taken seriously and

SOUTH# AFRICA
The profusion of wild game seen

at close range (but in museum-

like safety! ) in Kruger Park and

other game sanctuaries is

one of the greatest

thrills a nature lover

can enjoy . .

.

See it yourself!
Add modem cities, splendid resorts, fabulous

mountain and coastline scenery, visits to tribal

villages, gold and diamond mines. That's

South Africa — supreme travel adventure.

Your Travel Agent will show you how
marvelously comfortable and secure your

South African visit will be. But then,

you'll see for yourself!

SOUTH AFRICAN
TOURIST CORPORATION
Rockefeller Center, 610 Fifth Avenue, New York 20, N.Y. • Also at Los Angeles

Please send your literature to:

NAME

STREET

CITY ZONE STATE

MY TRAVEL AGENT IS (T)
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put into elTect by the Government."
Tlie new Inircaii, within Secretary

Stewart L. UdalTs Dei)arlment of the

Interior, is headed by a man highly re-

garded in the conservation world— Dr.

Edward C. Crafts, formerly an assistant

chief of Agriculture's Forest Service and
a twenty-nine-year career man. The or-

ganization has been sladed partly by

appointed personnel and partly by trans-

fer of career personnel from other gov-

ernment agencies, this latter process

having understandably been cause for

some heartburn. Among the bureau's

prime purposes: to act as a co-ordinating

agency for all government agency activi-

ties related to outdoor recreation, and to

administer programs of federal assist-

ance to state recreation agencies.

The bureau bad barely been clothed

with a skeleton staff before bills were

introduced into the second session of

Congress calling for federal financial as-

itance to states for outdoor recreation

planning, and for a land conservation

fund, under which needed federal recrea-

tional areas might be acquired for public

use as soon as possible.

Both of these bills fell within the

]uirview of the new bureau; both have

jiolitically controversial aspects; and

neither, in the judgment of this writer,

will be acted upon by the 87th Con-

;ress. It is reasonably certain, however,

that they will again be introduced into

the 88th Congress, which convenes in

January, 1963, and during the coming

year this column will undoubtedly carry

additional news concerning their fate.
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It takes only $12.50 down to own this 2.4-inch UNITRON
Little wonder that the UNITRON 2.4" Altazimuth Re-

fractor has long been America's most popular low-priced

refractor.

For UNITRON and only UNITRON combines unexcelled

optical and mechanical performance with exclusive fea-

tures designed to increase your observing pleasure. As

an example, take UNIMEX—the Rotary Eyepiece Selector

which relieves you of the burden of fumbling with eye-

pieces in the dark. Or, perhaps your observing situation

may call for the DUETRON Double Eyepiece, the erecting

prism system, the Astro-camera 220, or the sun screen.

Optically speaking, UNITRON Refractors duplicate the

performance of larger telescopes of other types. Further-

more, there are no mirror surfaces to become tarnished,

no secondary optics to cause diffraction patterns, and no

folding of the light back on itself with consequent loss of

definition. It is not surprising that you see more and see

better with a UNITRON.

The UNITRON 2.4" Altazimuth Refractor is priced at

only $125 complete with tripod, sturdy mounting with

micrometric slow-motion controls, four eyepieces, carrying

case, and accessories including the new Achromatic Am-
plifier. Using our Easy Payment Plan, a mere 10% down
payment of only $12.50 brings this UNITRON to you.

Write today for a free UNITRON catalog and observer's

guide. With interest in astronomy at an all-time high,

now is the time to treat yourself to a UNITRON. After

all, you deserve the very best.

UN/Tf^ON INSTRUMENT COMPANY ^ TELESCOPE SALES DIV.

66 NEEDHAM STREET, NEWTON HIGHLANDS 61, MASS.














