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UP FRONT

Collective Memory
We are all historians, archivists, curators. We paste family photographs into

albums or cram them into boxes along with school yearbooks and letters

from old friends. We hold on to material objects, however plain, that

embody private memories. A tew people I know are quite ambitious in

their efforts to possess a past that is theirs alone. With some historical

detective work, they manage to reconstruct a genealogy, tracing their line

back to early colonists or distant shores. Others among us, however, can't

peer very far into the family past without losing track of our ancestors,

whether in the chaos of minor and major migrations or the tragic obHvion

of slave ships, massacres, famines, plagues, and wars.

But all of us leave the chronicling of deep time and large-scale history

(the stories of our nations, our ethnic or reHgious groups, our species itself)

to the professionals—historians, archaeologists, paleontologists, and (these

days) even

geneticists, who
trace the winding

paths of our genes

on strands ofDNA.
Yet these large-scale

stories, together

with the

irreplaceable

historical objects

connected with

them, belong to all

people. In an

important sense, a

document such as

the Magna Carta or the map of the human genome belongs to everyone, as

do humanity's artistic and architectural masterworks. Machu Picchu, Luxor,

the Parthenon, Angkor Wat, and all the other special places built by our

forerunners, while the pride of particular nations, can also be said to be the

property of the world.

As John Malcohn Russell explains in this month's issue, the land we now

call Iraq (known in the past as Mesopotamia, Sumer, Assyria, and Babylonia)

is the birthplace of writing, irrigation, cities, rehgion, monumental

architecture, and other major human innovations. Iraq, writes Russell, is one

big archaeological site. Certain of the country's ancient places, such as

Nineveh and Babylon, are well known; others are obscure and have yet to be

fUIy excavated. During the Gulf War, some sites were severely damaged, and

in the years since, many have been critically endangered by looting.

However one views the pohtics and events that have led us to this point,

Russell's article and Alexandra Avakian's photographs serve to remind us

that if the special places of Iraq are destroyed or lost, all ot us are

diminished.

—

Ellen Goldemohn

Tourists at the site of Babylon's Hanging Gardens
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LETTERS

Daddy Longlegs

I was delighted by "Touchy

Harvestmen" (10/00), by

RogeHo Macias-Ordonez. I

will be able to use my
newfound knowledge of

how the daddy longlegs

feels its way through Hfe in

my own work as a naturalist.

It will help city kids relate

media, and the creature was

interpreted to be our own
harvestman daddy longlegs.

The colleague who related

this also commented that

the poisonous harvestman

story has become an urban

legend and is one of the

most commonly asked

questions about arachnids.

True members of the

harvestman order,

Opiliones, can produce

"==^^^-1

Harvestman

to and be less afraid of these

gentle creatures. I've been

told that daddy longlegs are

poisonous but have

mouthparts too tiny to

inflict wounds in humans. Is

this true?

Carolyn Sanford

Clinton, Maryland

RoGELio Macias-

Ordonez REPLIES: Those

of us working with daddy

longlegs have all heard and

been puzzled by that story,

as there is no evidence to

support it. I polled some

fellow biologists, and one

explanation was that at some

point, an article on a group

of somewhat poisonous

Austrahan spiders that are

also called daddy longlegs

was picked up by the U.S.

secretions to which some

people may be especially

sensitive, but that's all.

Snakes' Breath

Carl Zimmer's article on

snakes ("Biomechanics,"

11/00) reminded me of a

question I've never heard

answered. Given that snakes

regularly swallow prey

thicker than their own
bodies, how do they breathe

during this process?

Joe Kessehiian

via e-mail

Brad Moon (whose work

Zimmer discussed) REPLIES:

Snakes can hold their breath

for a long time but can also

breathe while feeding.

These reptiles have one very

long lung and one short.

vestigial lung. If a snake is

using the front of its body to

squeeze or swallow a mouse,

for example, then it can use

muscles in its midsection to

help pump air to the long

lung. Also, the epiglottis, or

opening to the trachea (in

the floor of the snake's

mouth), can be pushed

forward a little and opened

to let in air. While a snake is

ingesting prey, it wiU

periodically stop its jaw

movements to stick out the

epiglottis and breathe.

Serpent Encounters

J.
Alan Hoknan's article

("Endpaper," 11/00), in

which he mentioned the

smooth green snake, was of

special interest to me
because I had seen one of

these Uttle gems of the

serpent world just a couple

ofweeks earher. On an

exceptionally warm fall day,

my wife and I went for a

walk at a nature preserve, a

mixed area of open

sphagnum bogs and glacially

derived sand dunes, now
overgrown with white pine

and hardwoods. No less

than five snakes—four garter

and one smooth green

—

crossed our path that day.

I had last seen a smooth

green snake fifty years ago.

At the time, I was staying at

a farm in northwestern

Pennsylvania owned by the

uncle of a friend. The uncle

had yelled at my friend and

me just the day before for

releasing a large snake that

we had found near the

house. His exact words were

"I don't care how big a

snake it is, I want you to kill

it." Even after his

reprimand, I was so

entranced by the smooth

green snake that I captured

it, placed it in a small box,

and kept it secretly in the

farmer's home untH I was

able to leave on the bus

with the snake hidden in my
luggage. I kept it in an

aquarium for several weeks

and fed it insects. Eventually

I released it in my own
neighborhood.

Roy H. Senn

Rome, New York

Celestial Names
In "Celestial Events" of

11/00, on the naming of

recently discovered celestial

bodies, author Richard

Panek mentions only names

from Western cultures and

none from peoples

elsewhere in the world. The

International Astronomical

Union should be pressed to

name some percentage of

newfound features using

terms from the astronomies

of peoples of Africa, the

Middle East, Latin America,

the Pacific, AustraHa, and

Asia.

Allen F. Roberts

Los Angeles, California

Richard Panek

RESPONDS: The brevity and

Hmited scope ofmy article

made references to non-

Western cultures

impractical, but you will be

glad to know that other

cultures are indeed well

represented in the names of

new celestial bodies. Just a

cursory look at the first

page of the International

Astronomical Union's list

(wwwflag.wr.usgs .gov/

nomen-bin/search.cgi) of
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nomenclature approvals for

2000 turns up a Mayan

name for morning Venus

and features named for a

gigantic Egyptian serpent, a

Talysh (Caspian Sea) river

deity, a Sumerian

thunderbird, and a

Quechua potato goddess.

There are thirteen more

downloadable pages that

include names from Aztec,

AustraHan Aboriginal,

Indonesian, Sioux,

Polynesian, Madagascan,

Vietnamese, Tibetan, and

other cultures.

Double Your Pleasure

Neil de Grasse Tysons

account of geometric

progression ("Universe,"

11/00) reminded me of two

early legal cases in England

that also teach this lesson

well. In 1661 James sued

Morgan for their agreed-

upon price of a horse: one

barleycorn for the first nail

in its shoes, doubled

successively for each of the

other thirty-one. Morgan

must have been dumbstruck

upon learning that he owed

nearly 4.3 billion

barleycorns, but the judge

directed the jury to decide

upon a fair value for the

horse, which it set at eight

pounds. Several decades

later, Thornborough gave

Whitacre a half-crown in

exchange for a grain of rye

that was to be doubled in

number each week for a

year. The judge knew this

would be "a vast quantity"

and thought the jury would

"consider the folly of the

defendant" and award a

reasonable amount, but the

parties settled before trial

when the grateful Whitacre

offered to return the half-

crown and to pay

Thornborough's legal costs.

The judge was right, of

course. This vast quantity

of 4.5 quadrillion grains, or

4.4 biUion bushels, was

about 540 times the total

amount of rye harvested in

the United States in 1997.

William (Tom) Tliomas

Oak Ridge, Tennessee

Setting the Banding

Record Straight

The article by Annette

Heist on song learning in

hummingbirds ("Singing in

the Bram," 10/00) offered a

fascinating gHmpse into a

little-known part of the lives

of these familiar birds.

However, as an

appear quite comfortable

wearing their specially

made bands and have

absolutely no trouble flying

v\^ith these minuscule

aluminum rings around

their legs. In fact, some of

my avian acquaintances

have worn their bands for

as long as eight years with

no apparent iU effects,

racking up thousands of

frequent-flyer miles on

their annual migrations and

nesting up to three times

per year.

Admittedly, banding

hummingbirds is a research

specialty. Of approximately

4,000 licensed banders in

the United States, less than

3 percent are permitted to

band hummingbirds. As

with our other native birds.

ornithologist and bird

bander whose specialty is

hummingbirds, I was

surprised to read the

author's assertion that

hummingbirds cannot be

banded due to risk oi injury

and impaired flight.

I'm happy to report

that the 3,000-plus

hummingbirds that I've

handled as part of studies

here at the Southeastern

Arizona Bird Observatory

hummingbirds are banded

with the permission of, and

using numbered bands

issued by, the Bird Banding

Laboratory, a division of the

U.S. Department of the

Interior.

Slieri Williamson

Bisbee, Arizona

The editors respond:

Every article in the

magazine is a collaboration

and reflects the effort and

input not only of the author

but also of scientists and

editors. The error that you

and other dedicated banders

pointed out originated in a

misinterpretation of

information from an

ornithology lab. But the

failure to scrutinize the

statement was ours. We
thank you for your

enlightening letter.

Drawing Water

Carl Zimmer's discussion of

Barbara Bond and Michael

Ryan's work on the natural

Hmits to tree height

("Biomechanics," 10/00) left

me wondering about one

thing: After a tree drops its

leaves in the fall, how does

the process get started again

in the spring? Without any

active stomata to draw up

water, how do the buds get

enough water so they can

open into leaves?

Van L. Knou'les

Lexington, Kentucky

Barbara Bond replies:

This is a great question.

Cells in buds are alive

through the winter. In

spring, light and

temperature patterns send

signals to the buds to begin

converting their stores of

starches into sugars, creating

high osmotic potential in

the cells. Water then moves

into the cells by osmosis. As

the water arrives in the cells,

it increases the "tension" of

the water in the buds

surrounding the cells,

causing water to be pulled

up ffoni the roots.

Natural History's e-mail

address is nhmag@amnh.org.
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CONTRIBUTORS

Mention social insects and most people tend to envision a beehive or a termite mound, not a

white globe housing a contingent of caterpillars. Entomologist Terrence D. Fitzgerald ("The

NightHfe of Social Caterpillars," page 38) has spent much of his professional Hfe documenting

the ecology of butterfly larvae that live in colonies. A professor of biology at the State

University ofNew York College at Cordand, Fitzgerald teamed up in 1996 with Dessie

Underwood (now at the University of CaHfornia, Davis) to study the colonial, cold-adapted

madrone caterpillars of Mexico's Sierra Madre Occidental. For the 4/95 issue o( Natural

History, he wrote "Caterpillars RoU Their Own," on leaf-rolling caterpillars.

Art historian John Malcolm Russell ("Robbing the Archaeological Cradle," page 44) has witnessed some of the ways in

which Iraq's heritage has been lost following the GulfWar. While excavating in 1989 and 1990 at Nineveh, he

photographed sculptures from the palace of the Assyrian king Sennacherib, a monarch whose exploits are recorded in the

Bible. In 1995 he was shown many of the same sculptures, but by then plunderers had cut them up to sell piece by piece

on the antiquities market. An associate professor of art history and archaeology at the Massachusetts College of Art in

Boston, Russell is the author of Tlie Final Sack of Nineveh (Yale University Press, 1998). PhotojournaUst Alexandra

Avakian has worked in the Middle East, eastern Europe, central Asia, and Africa for such publications as National

Geographic, Time, Life, and the New York Times Magazine. She thought that a story on the state of Iraq's archaeology would

be a fresh way to address the impact of sanctions on that countiy and its people. On a couple of occasions she had to work

during sandstorms, which, she concluded, gave her photographs an appropriately moody feeUng. In particular, she Hked

photographing villages near the sites, knowing that they had been there, in some form, for thousands of years.

A professor of evolutionary biology at AustraHa's University of Sydney, Richard Shine

("Serpentine Cross-Dressers," page 56) has studied pythons in Australia and pit vipers

in China. Shine (at right) earned a doctorate at the Australian National University with
,

a dissertation on venomous snakes and a second doctorate in reptile ecology at the

University of Sydney. Coauthor Robert Mason, an associate professor of zoology at the!

University of Oregon, discovered the "she-male" phenomenon in garter snakes while

in graduate school. He met his future wife, Sarah, when she came to Manitoba as a

volunteer at the province's snake dens. "Not too many people," he writes, "can say they met their spouse in a snake pit

with 25,000 mating garter snakes swarming around their feet." For more on garter snakes. Mason and Shine recommend

Tlie Snake Scientist, by Sy Montgomery (Houghton Mifflin, 1999), with photographs by Nic Bishop.

Richard W. Burkhardt Jr. ("A Man and His Menagerie," page 62) has spent many happy hours

at the National Museum of Natural History in Paris—years ago, while studying French biologist

Jean-Baptiste Lamarck, and more recendy, while researching the history of animal behavior

studies. The key figure in his later research proved to be Frederic Cuvier, the younger brother ot

Lamarck's rival on evolutionary matters, Georges Cuvier. A professor of history at the University

of lOinois at Urbana-Champaign, Burkhardt is the author of Tlie Spirit of System: Lamarck and

Evolutionary Biology (Harvard University Press, 1977) and is now finishing up a book on the

establishment of ethology as a scientific discipline in the twentieth century.

Paul Nicklen ("The Natural Moment," page 84) was raised in a tiny Inuit village on Baffin

Island and has spent most of his life m Canada's far north. Trained in marine biology at the

University of Victoria, he spent several years as a government wildlife biologist in the Arctic.

Nicklen, who says he tries "to photograph stories rather than just take pleasing pictures," has
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BIOMECHANICS

Story by Carl Zimmer ~ Illustration by Sally J. Bensusen

It
would seem axiomatic that well-

designed animals outperform

badly designed ones and pass on

to their oflspring the genes that

helped create that design. As good

genes arise and spread, animal designs

should theoretically shift from the

flawed toward the better. So when a

design is significantly inferior to what

might seem best for a given situation,

something interesting is probably

going on. Stanford University's Mark

Denny recently investigated one such

apparently poor design—that of the

limpet.

Limpets are marine gastropods that

Hve on rocky coasts and in tide pools.

They excrete a gluelike substance to

anchor themselves to rocks but can

loosen their grip enough to slide

around on their single "foot" and graze

on algae. The limpet's shell, a low cone

that looks like a gently sloping hiU,

provides protection from crabs, birds.

and other predators. It also helps the

animals survive the waves that regularly

slam against them at speeds greater than

eighty feet per second.

The shape of a limpet's shell has a

great deal to do with whether the ani-

mal remains securely attached to its

rock or is ripped off and thrown onto

dry land or into the waiting tentacles

ot a hungry sea anemone. There are

two ways a wave can dislodge a limpet.

If the hmpet's shell is steep-sided, the

The Perfect Limpet
In the real Avorld, striving for the

ideal may not be worth it.



drag of the water against the sides of

the shell will torce it in the direction of

the wave. But if the limpet has a

rounded hump, the water may pull it

off its rock in the following way: The

presence of the Hmpet creates an inter-

ruption in the onrush ot the wave,

'squeezing"" the water over the

rounded top of the shell and forcing it

to move faster, which lowers its pres-

sure. Water flowing around the base of

the shell moves more slowly, raising

the pressure. This water pushes against

the limpet under its shell, producing

high pressure in its body as well. The
difference in pressure—high beneath

the shell, low above it—can create

enough lift to suck the Hmpet right off

its rock.

To measure the drag and lift expe-

rienced by hmpets, Denny put acryhc

models of their shells in a wind tunnel.

(Technically, air and water are both

fluids, and as such, they both flow. Air

may be 800 times less dense than

water, but it is easier to work with ex-

perimentally.) Some of the models had

smaO holes to which Denny attached

sensors that measured how pressure

For a limpet, the best way

to avoid being swept from

a rock by powerful waves

is to have a shell with a

height 53 percent of its

length and a peak

directly over its

center. In reality,

however, most of

these moUusks, like

the owl limpet at

left, make do with a

squat shell and an

off-center peak.

was distributed over the shell. Other

models were rigged up with springs at

their base to measure how much drag

the wind imposed on them. And
Denny tried out a range of different

shell shapes—some with high peaks,

some with low ones, some with cen-

tral peaks, and others

with peaks set oft" to

one side.

Studying his re-

sults, Denny figured

out the specifications

for the perfect limpet

shell: to get the best

protection against the

combined dangers of

lift and drag, a shell's height should be

53 percent of its length and its peak

should be directly over the center of

its shell. Yet real limpets are a long

way from perfection. Most of them

are fairly squat, with an average

height-to-length ratio of only 34 per-

cent. Seemingly making matters

worse, their peaks are generally well

off center.

To understand why limpets have

such an imperfect design, Denny
switched from the ideal to the real,

making a close study of the owl

limpet, Lottia gigaiitea. Found along

the California coast, the owl limpet

can reach up to four inches in diame-

ter. Its height-to-length ratio is an

embarrassing 25 percent, and the peak

of its shell is perched at its front end.

Pugnacious, it pushes away other

limpets that trespass on its little patch

of rock. However, faced with certain

predators, such as starfish, it lifts up its

shell and slides away as fast as it can

—

at a speed of one inch per second. On
the rocky coastHne near his lab, Denny
measured how much force it took to

pry a limpet off a rock. He also lassoed

limpets with a loop of string and

Mask limpets (Tectura persona)

tugged on them to gauge how well

the shells withstood drag.

Denny found that the most impor-

tant factor determining whether a

Hmpet gets washed away or not is how
tightly glued to the rock it is. If an owl

Hmpet is hunkered down when hit by a

wave moving at

eighty feet per sec-

ond, it has a 91 per-

cent chance of hold-

ing fast, but if it has

the bad luck to be

running away firom a

starfish, it has only a

0.5 percent chance

of not being washed

away. An optimal shell design doesn't

change the odds very much: a perfect

owl Hmpet would have a 95 percent

chance of holding fast if it was an-

chored, a 2.4 percent chance if it was

on the go.

The minor risk posed by the owl

Hmpet's shape is probably offset by the

advantages. The off-center peak of this

creature's sheU allows the Hmpet to use

it Hke a bulldozer to clear its territory

of other animals. Fewer competitors

mean more food, which may ulti-

mately translate into more baby

limpets. And together with the strength

of its glue, the Hmpet's habit of hunker-

ing down when big waves start pound-

ing its rock may help compensate for its

"poor" design.

Like engineering, biomechanics is

aU about trade-offs. But nature has a

special set of trade-offs that human en-

gineers don't have to worry about

—

when designing skyscrapers, they can

be reasonably sure that other skyscrap-

ers aren't going to move in and try to

push theirs off the block.

Science writer Carl Ziiniiier is the author of

At the Water's Edge and Parasite Rex.
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NATURE'S INFINITE BOOK

A Tale of
Two Reputations

Wliy we revere Darwin and give Freud a hard time

ByJared Diamond

We scientists have fantasies of being

uniquely qualified to make great dis-

coveries. Alas, reality is cruel; most of

us are replaceable. For the vast majority

of scientific contributions, if scientist X
hadn't achieved it that year, scientist Y
would have achieved the same result or

something very similar soon thereafter.

In modern molecular biology, most fa-

mous discoveries emerged as multiple

teams raced toward the finish hne, with

the "loser" only a few months behind

the "winner." For instance, if James

Watson and Francis Crick hadn't pub-

Hshed the correct structure ofDNA on

April 25, 1953, Linus PauHng, who was

working on the same problem and had

just published an incorrect structure,

would surely have arrived at the correct

answer within a short time.

Have any individuals really made a

major, lasting difference to the course

of science? More specifically, would

their discoveries or conceptuaHzations

have eluded other scientists until

decades later if these individuals had

not been born, and did their contribu-

tions have a unique impact that per-

sisted long afterward? By those two cri-

teria, I think that only two scientists

within the last two centuries clearly

qualify as irreplaceable: Charles Darwin

and Sigmund Freud. (I feel unsure

whether Albert Einstein's impact was as

far-reaching.) A comparison ofDarwin

and Freud proves interesting. What
made them irreplaceable, what exactly

did they get right, what did they get

wrong, how similar were their person-

aHties and their peer relations, and how

do their reputations compare today?

To begin with, Darwin and Freud

were both multifaceted geniuses with

many talents in common. Both were

great observers, attuned to perceiving

in familiar phenomena a significance

that had escaped almost everyone else.

Searching with insatiable curiosity for

underlying explanations, both did far

more than discover new facts or solve

circumscribed problems, such as the

structure of DNA: they synthesized

knowledge from a wide

range of fields and created

new conceptual frame-

works, large parts of which

are still accepted today.

Both were prolihc writers

and forceful communica-

tors who eventually con-

verted many or most of

their contemporaries to

their positions. (In this,

they were unlike Gregor

Mendel, the founder of ge-

netics, who within his life-

time convinced nobody of

the significance of his dis-

coveries.)

Both made their contri-

butions as a result ofnew in-

sights, not as a result of in-

venting a new instrument or

technology. In fact, both

used little more than their eyes and ears.

One must therefore pause to wonder

why Darwin's views on evolution, and

Freud's on the human mind, had not al-

ready been formulated by Aristotle and

the ancient Greeks. The answer is that

the views of both depended on the

enormous amount of knowledge that

had accumulated over the two millennia

since Aristotle's time—not only discov-

eries about natural history and the

human mind but also a developing

firamework of concepts and questions

(what historians describe by the Ger-

man word Fmgestelhmg)

.

Charles Darwin



Darwin's contributions came at a

time when almost everyone (including

scientists) belie\'ed in the divine and in-

dependent creation of species, and

when scientists were recognizing pat-

terns in the burgeoning discoveries

about fossils, taxonomy, and biogeogra-

phy but still lacked explanations tor

those patterns. Today Darwin is best

kno\\"n for establishing the fact of evo-

lution and for recognizing the major

role ot natural selection in driving it.

Actually, he achieved far more than

those two most famous of his contribu-

tions. He also recognized sexual selec-

tion as an additional evolutionary driv-

ing torce, laid the foundation for

today's understanding of animal behav-

ior, pubhshed a major work on the be-

lt on, were essentially the same as Dar-

win's. But the papers about natural se-

lection by Wallace and Darwin that the

Linnean Society pubhshed side by side

in its journal in 1858 were ignored.

The world did not begin to be con-

vinced of natural selection until Dar-

win pubhshed the Origin of Species a

year later, making an overwhelming

case by amassing evidence from many
fields. Because Wallace lacked depth in

many of the disciphnes and approaches

mastered by Darwin, Wallace could

never have made the overwhelming

case that Darwin did, and he frequently

acknowledged Darwin's greatness

thereafter.

Freud's contributions came at a time

when interest in mental Ulness and its

Multifaceted geniuses, Darwin and Freud were

keen observers, perceiving infamiliar phenomena
a significance that escaped everyone else.

havior and physiology of insectivorous

plants, and provided the correct expla-

nation for hierarchically branched tax-

onomies as well as tor the origins of

biogeographic regions, coral reefs, vol-

canic rocks, and soils. Underlying Dar-

win's contributions were his very broad

technical competencies in anatomy,

botany, embryology, geology, paleon-

tology; taxonomy, and zoology, as well

as his threefold methodological bril-

Hance as an observer, experimentahst,

and theoretician.

In his mastery and synthesis ofmany
t\'pes of information and his ablhty to

utilize diverse approaches, Darwin was

unique. No biologist then or since has

come even close to matching him, and

that's why no one else made his contri-

butions. While it is true that Alfred

Russel Wallace and Darwin indepen-

dently came up with the idea of natural

selection and evolution, the reasons

that Darwin, not WaOace, is regarded as

the irreplaceable genius are instructive.

Wallace's reasoning about natural selec-

tion, and the initial evidence he based

classification was growing but its etiol-

ogy was virtually unknown and treat-

ments were mostly ineffective—in part

because chnicians and researchers were

still focused on conscious, cognitive

processes. Freud's status is unique be-

cause he recognized an entirely difler-

ent mental realm, and many of his con-

cepts—pioneering and radical in their

time—are so famihar today that they

have entered the daily vocabulary of

the general public. These include the

idea of the unconscious, the signifi-

cance of dreams, the hngering impor-

tance of early childhood experience,

the Oedipus complex, motivational

conflict, and defenses such as denial, ra-

tionahzation, and repression. For some

mental conditions, Freud also devised

therapies based on the "talking cure"

rather than just on the then-prevalent

treatments of electric shock, hypnosis,

or institutionahzation. He also devel-

oped a unifying theory of the normal

personality, recognized transference

and countertransference in the pa-

tient/therapist relationship, and ex-
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plored the broader social consequences

of individual psychopathology.

Freud searched constantly for the

underlying causes of mental disorders,

and he developed techniques such as

free association and the study of dreams

by a century the recognition ofDNA as

the genetic material, or Freud for not

determining chemical structures and the

role of neurotransmitters.

Nevertheless, we still can't help

wondering about some things that Dar-

Carl Jung

to probe the unconscious. As with

Darwin, Freud's immense contribu-

tions arose from the breadth of his

competence—in anatomy, neurology,

pharmacology, philosophy, physiology,

and psychology. More than just a psy-

chologist who wanted to understand

what makes people tick, Freud also had

the therapeutic goals of a physician

who wanted to help people. Like Dar-

win, he had no contemporaries whose

contributions approached his in scope

and originality; there was not even the

equivalent of a Wallace to be men-

tioned and explained away.

Those are some of Dai-win's and

Freud's successes. What about their

omissions and failures? Given their

achievements, it may seem absurd even

to bring up the issue. This question re-

minds me of a cartoon ofsome cavemen

pointing to another caveman and asking,

"What's that guy done since he invented

fire?" Of course they were limited by

the technology of their time: one can

hardly tault Darwin for not anticipating

Sigmund Freud

win and Freud might have recognized

or might have gotten right but didn't.

Darwin's foremost omission was his fail-

ure to progress in elucidating the princi-

ples of genetics. Such progress poten-

tially lay within his grasp, because he

designed and executed brilliant experi-

ments with plants and published a whole

book on cross-poUination and self-polli-

nation. Similarly, the results of his many

experiments in pigeon breeding might

readily have suggested to him the con-

cept of recessive and dominant traits. Yet

Darwin failed to extract the fundamen-

tal genetic insights that Gregor Mendel

extracted by planting peas during the

years just before and after Darwin was

writing the Origin of Species.

Darwin also got some big things

wrong. He shared the then-widespread

behef in "soft inheritance," the assump-

tion that the environment could cause

adaptive changes in the hereditaiy ma-

terial, but his younger contemporary

August Weismann showed that this

could not be so. Darwin accepted the

postulate of "blending inheritance" (the

fusion of a mother's and father's charac-

teristics in their offspring), even though

his own experiments on pigeons re-

flated it. Much more surprising are two

other errors: he eventually failed to ac-

knowledge the reality

of species as non-inter-

breeding sets ofpopula-

tions, and hence he also

eventually failed to ac-

cept that new species

originate predomi-

nantly through geo-

graphic isolation, al-

though that precise

issue underHes the title

of his most famous

book. What makes the

latter two errors so

striking is that Darwin

had previously formu-

lated both ideas cor-

rectly but then aban-

doned his formulations

in later editions of the

Origin. These mistakes had long-lasting

consequences, because they were not

rectified by other biologists until about

eighty years later and because a signifi-

cant minority of biologists persist in

those errors today.

Freud also made some disconcert-

ing omissions and errors. He was a man
of his time in some of his views of

women; he beUeved, for example, that

a woman's main and appropriate role

was that ofwife and mother. Rooted in

an era that tabooed discussions of sex,

he rebounded to the opposite extreme

and exaggerated the roles of sex and

sexual conflict in the development of

the psyche. He gave insufficient cre-

dence to some patients' reports of

being sexually abused as children. His

emphasis on a death wish is now
viewed as wrong or greatly exagger-

ated. At least in part because his driving

motivation was to help and to cure

people, not just to understand them in-

tellectually, he was not scientifically

rigorous. And as a therapist, Freud



could be faulted for not departing from

his focus on individuals to develop

therapy for couples, tamilies, or groups.

Todav we seem much more incUned

to castigate Freud for his omissions and

errors than Darwin for his. I suspect

that there are two reasons for our dif-

fering attitudes toward these two pio-

neers. One is that Freud's failures, un-

when the reality of their trauma has

been denied.

The other reason we are incUned to

judge Freud more harshly than Darwin

is that these two scientists were near

opposites in their relations with peers.

In this regard, we find much to admire

in Darwin and much to deplore in

Freud. Darwin was outstandingly gen-

Darwin was generous in crediting other scientists.

Freud was intolerant of rivals and surrounded

himselfwith unquestioning admirers.

Hke Darwin's, have had a direct impact

on the Uves of individual human be-

ings. Most of us don't suffer as a result

of Darwin's having eventually attrib-

uted too much scope to the process

termed sympatric speciation than it ac-

tually deserves. But a powerful man's

mistaken ideas about women have cer-

tainly caused suffering, just as victims

of child abuse have been made to suffer

erous in crediting others—including,

most notably, Wallace—for their work.

While Darwin came in for severe crit-

icism from other scientists and in turn

often expressed his disagreement with

their views, he responded courteously,

used scientific arguments, and com-

pletely avoided personalizing disputes.

I can think of no one about whom he

expressed hatred or said nasty things.

and no one whom he tried to impede

professionally. Freud, on the other

hand, was outstandingly ungenerous:

he denied credit to others, was intoler-

ant of rivals, hated many people, and

surrounded himself with unquestion-

ingly loyal admirers. Freud's fallings-

out with his famous psychoanalytic

contemporaries Alfred Adler, Josef

Breuer, Carl Jung, and Otto Rank are

merely the most notorious examples.

A legacy of this aspect of Freud's per-

sonality has been the ugly tendency

among psychotherapists, especially

those closest to the Freudian tradition,

to personaUze disputes and to break

into factions.

Both Darwin and Freud have had

their detractors, and the ideas of both

men initially faced fierce opposition.

Today very few scientists hold low

opinions of Darwin, either as a person

or as a scientist. The overwhelming

majority of those who fundamentally

disagree with Darwin's findings today

FABULOUS AFRICAN WILDLIFE SCREENfiAVERS
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are not scientists at all, but creationists,

who do not engage seriously with the

facts of biology. Virtually no contem-

porary scientists believe that Darwin

was basically wrong. Since Darwin's

time, we have of course discovered

masses of new facts, formulated new

concepts, and advanced beyond many

of his specific interpretations, but mod-

ern biologists still consider themselves

to be Dai-win's intellectual descendants,

working within his tradition.

By contrast, Freud's detractors re-

main numerous, even though they take

for granted many of his concepts and

contributions. Just consider how the

Library of Congress's 1998-99 exhibi-

patients—comes from a too-narrow

focus on biological psychiatry. I fuUy

accept the importance of biological

psychiatry, having devoted some of my
own research to problems in that area

(neurotransmitters and manic-depres-

sive illness) . It has now become clear, as

it could not have been in Freud's day,

that some major thought and mood
disorders have a biological basis, even

though the details of that basis in the

most widespread syndromes (depres-

sion, manic-depressive illness, schizo-

phrenia, autism) remain elusive.

Many medical-school psychiatry

departments were once bastions ot

Freudian psychoanalysis, whose practi-

Freud's errors, unlike Darwin's, have the

potentialfor direct, damaging impact on the

lives of individual human beings.

tion on Freud in Washington, D.C.

(which has since traveled to major mu-

seums worldwide) triggered demands

by serious thinkers that negative views

of Freud be represented. There were

protests that Freud was unworthy of

even being honored by an exhibition.

A corresponding exhibition on Darwin

would have been protested only by cre-

ationists. I acknowledge a legitimate

moral base underlying such Freud-

bashing: the human consequences of

his scientific errors, and his often ugly

interpersonal relations.

But there are two other types of

Freud-bashing that are not defensible.

One consists of pointing out all the

new things learned and all the new
therapies devised since Freud, as if

these represent his failures or demon-

strate the uselessness of his work. Yes,

we now know much more about how
people think and how to help them

than we did in Freud's day. But just as

with Darwin, that subsequent progress

began with Freud's insights and would

have been unthinkable without them.

The other type of Freud-bashing

—

much more damaging because it hurts

tioners resisted biological studies. But

now the pendulum has swung to the

opposite extreme: psychiatry depart-

ments have become bastions of molec-

ular biology, at which much more time

is devoted to studying and teaching

psychopharmacology than to what are

called talk therapies. Outside academia,

however—among clinical psycholo-

gists, social workers, and lay analysts

—

those therapies are a growth industry.

Among the many reasons for academe's

imbalance are its reductionist bias and

its professional reward system: many

Nobel Prizes and National Institutes of

Health grants are available tor bio-

chemical research, but many fewer

NIH grants and nary a Nobel Prize for

talk therapies. Other considerations are

that contemporary Western societies

tend to seek technological fixes, and

health insurance companies are more

willing to reimburse claims for drugs

than for talk therapy. Certainly, it

would be less painful for both therapists

and patients if our problems could be

solved by taking piUs rather than ac-

cepting responsibiUty for our suffering

and then learning new ways of inter-

acting with others. Not only that, but

the stigma of "mental illness" and the

challenges of moral responsibility

would be diminished if one's problems

arose from chemical processes beyond

one's control (as is true in some cases)

rather than from voluntary actions.

To my mind, academe's swing away

from talk therapies is tragic. Major ad-

vances are still being made in this

field—for instance, in crisis counseHng

and in chUd and fainily therapy. Almost

all of us face stress in our jobs, our

health, our personal relationships, and

our own aspirations. Almost all of us

carry emotional and cognitive baggage

from our early Hves that leaves us with

some inappropriate responses in our

Hves as adults. Some of those problems

can be dealt with by talking with

friends. But some problems require

professional distance, experience, and

skills—the skills in which a talk thera-

pist is trained and that are far beyond

the capacity of a friend to dehver.

Even specialists in biological psychi-

atry need thorough training in talk

therapies, because it can be difficult to

figure out whether a patient's problems

have a primarily biological or a primar-

ily nonbiological basis. Even clients

whose problems are probably funda-

mentally biological (such as in manic-

depressive illness) tend to have associ-

ated psychological issues that need

attention. Physicians who rely heavily

on prescribing drugs often don't take

time to establish a relationship with a

patient, regularly forget that the patient

and physician are locked in an emo-

tionally charged relationship, and then

are surprised at how often patients fail

to take the drugs prescribed for them.

Understanding that unique two-way

relationship was one of the many deep

and far-reaching insights that put Freud

right up there with Darwin.

Jared Diamond is a professor of physiology

at the UCLA School ofMedicine and a re-

search associate in ornithology at the Ameri-

can Museum of Natural History.
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THIS LAND

Cactus Country
An Arizona canyon provides a taste of desert and a glimpse of uplands.

By Robert H. Mohlenbrock ~ Photographs by Randy Prentice

Rising above the Sonoran

Desert, the Santa Rita

Mountains extend north to

south, falling roughly midway between

Tucson, Arizona, and Nogales,

Mexico. The highest peaks, including

9,453-foot Mount Wrightson, are

topped off with verdant torests ot

Engelmann spruce and ponderosa

pine, while cacti and other desert

plants grow at the base of the

mountains, at about 3,000 feet, and

penetrate dry canyons up to 4,000

feet. The range is a favorite among

naturalists because of its varied plant

and animal life and the scattering of

natural springs, but only a tew routes

provide easy access into the rugged

terrain. The most popular destination,

reached by a highway that pierces the

north side of the region, is a camping

and recreational facility at the head of

Madera Canyon; my favorite locale,

however, is Agua Cahente Canyon,

best reached from the west. Both

canyons are under the jurisdiction of

the Nogales Ranger District of the

Coronado National Forest.

Lying at 3,600 to 4,200 feet, Agua

Caliente Canyon harbors mostly desert



grassland and isolated stands of oak,

while pinyon pine and alligator juniper

are scattered on the surrounding dry,

rocky slopes. Natural springs help feed

some streams that flow intermittently

in response to rainfall; other streambeds

are washes, entirely dry except after

hea\y rains. One reason I am attracted

to this canyon is that it is one of the

few places in the United States where

one can fmd two species ofAmoreuxia,

which are essentially tropical

wildflowers. The birdHfe, too, is

alluring. Several species of

hummingbirds flit about the blooms of

the Arizona trumpet and the desert

honeysuckle, while the rat-tat-tat of

five diflierent kinds ofwoodpeckers

may be heard. Occasionally the elegant

trogon, more common in Mexico, will

fly overhead. Mammals are also

plentiful. Although rarely seen,

mountain lions and bobcats periodically

cross the canyon. Likelier to be

encountered are javeHnas (coUared

peccaries) and coatimundis (large, ring-

tailed cousins of the raccoon).

To get to Agua CaHente Canyon,

exit Interstate 19 at Canoa Road and

follow the east frontage road south

before turning eastward into the

canyon on Elephant Head Road.

Eventually you will connect with a

road that climbs along the south side

of the canyon, heading toward the

Smithsonian Institution's Fred

Lawrence Whipple Observatory.

Tours of that facility, located on the

8,585-foot summit of Mount

Hopkins, depart from a visitors center

and are available by reservation.

Before you reach the visitors center,

located at the base ofMount Hopkins,

you wOl fmd a rough, unpaved road

that leads oft" to the left for a quarter

mile, down into the canyon, to Agua

Caliente Spring. As its name indicates,

the water from this spring is hot.

Heated underground through

geothermal processes, the water feeds

an intermittent stream.

From the spring, you can pick up

any of several hiking trails. One that

heads toward Mount Hopkins passes

two rocky knolls that top oflTat 4,962

feet and 6,012 feet. Together they are

known as the DevUs Cash Box, named

for a 1909 gold strike. Intrepid hikers

can also trek onward to the Madera

Canyon campground or the summit of

Mount Wrightson.

Robert H. Mohknbrock, professor emeritus

ofplant biology at Southern Illinois

University, Carbondale, explores the

biological and geological highlights of U.S.

nationalforests and other parklands.

For visitor information, contact:

Forest Supervisor

Coronado National Forest

300 W. Congress Street

Tucson, Arizona 85701

(520) 670-4552

vi^ww.fs.fed.us/r3/coronado

HABITATS

Desert grassland plants include

many cacti, the most spectacular of

which are the saguaro, with its thick,

armlike branches, and a number of

large chollas, such as the tree choUa,

the jumping choUa, and the cane

choUa. Also prominent are various

prickly pears, with their flat, padhke

stems, and the fiercely spined Arizona

barrel cactus, which may grow to a

foot in diameter and more than three

feet tall. Smaller species include the

Arizona rainbow cactus, sporting

multicolored spines; claret cup,

named for its flower; pancake cactus,

which grows up to four inches in

Elephant
Head

Agua Caliente

%./ Spring
-^ Mountj^

Hopkins )

A
Mount
Wrightson

li[JJ-.I.H.IiJ.lir*Nogat,
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diameter and lies flat on the ground;

pincushion cactus, which stands about

two inches tall; and the two- to five-

inch-tall nipple cactus, whose stems

end in small rounded tips.

A plant with cactusHke spines that is

actually related to Mexico's boojum

tree is ocotiUo. After a rain, its barren,

gray-black stems change overnight to

green as small leaves emerge from buds

covering the plant. After a few days of

diy weather, the leaves fall ofl'and the

plant resumes its dormant appearance.

While cactus flowers have many petals,

the ocotiHo's red flowers have only five,

united at their base to form a tube.

Stands of oak may appear in

shallow depressions and other places

that have sHghtly more moisture. The

dominant (and often only) species is

Gambel's oak.

Dry, rocky slopes support a few kinds

of stunted trees, among them Gambel's

oak, silveiieaf oak, pinyon pine, and

alligator juniper. Most do not grow

more than twenty feet tall under the

arid conditions. Typical shrubs include

squawbush (a type of sumac); coral

bean and fairy duster (both members

of the pea family); two types of

hibiscus, or rose mallow; and cHff

Fendler bush. Snapdragon vine, a plant

with arrowhead-shaped leaves and

dark red or bluish purple flowers with

a yellow center, scrambles over some

of the shrubs. Prickly pear cacti found

here are the clock-face prickly pear,

Engelmann's prickly pear, cliff prickly

pear, and purple prickly pear.

Wildflowers that grow scattered in

rocky soil include pine-needle

milkweed, Arizona trumpet,

long-leaved phlox, and a true

wild cotton. Two uncommon
species with three-inch-wide

orange flowers are Aiiwmixia

palmatifida (yellow show) and

A. gonzalezii, the only two

members of the tropical

Cochlospermaceae family that

are found in the United

States.

On some dry slopes

—

perhaps because they are not

quite so rocky—shrubby

species include quinine bush, silk

tassel bush, desert sumac, mescat

acacia (white thorn), and wait-a-

minute bush (a type ot mimosa).

Wildflowers that grow here are

dogweed, springleaf zinnia, wedgeleaf

scurfpea, and trailing windmills (a

creeping plant whose flowers are

grouped by threes into what appear to

be single blossoms).

Streams, although they may flow only

intermittently, help support the

growth of several trees, among them

blue palo verde, mesquite, velvet ash,

small-leaved mulberry, netleaf

hackberry, and soapberry. A common
shrub is seep willow, a member of the

aster family whose narrow leaves

resemble those of wfllows. Wildflowers

near streams include the bright-

yeUow-flowered monkey flower; a

Mecardonia with tiny purple

snapdragon-Hke blossoms; a

thoroughwort with lavender flower

heads; and Albert's dome, a plant with

yellow flower heads that each have a

central raised dome.

Washes support only plants that can

sui-vive long stretches of extremely arid

conditions. Two shrubs here are desert

broom and burro bush, while

wildflowers include desert

honeysuckle, with long, tubular, brick-

red flowers, and woolly feverfew, with

white or greenish flowers.
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CELESTIAL EVENTS

It
almost goes without saying that

today we wouldn't think of the

solar system as "solar" if there had

been no Copernicus to put the Sun at

its center. But more than 450 years

after the beginning of the Copernican

revolution, it can be difficult to

remember that "solar" is only half

the story.

When we look at the night sky

now, we take for granted that the Httle

lights that wander—the planets—bear

a greater resemblance to Earth than

they do to aU the httle Hghts that don't

wander—the trxed stars. For thousands

of years, however, the reverse seemed

true. Earth was Earth, and the Uttle

Hghts were Httle Hghts, whether they

were on the move or not. The

conceptual divide 'wa.s between Earth

and just about everywhere else

—

between "here" and "there." If a

further distinction existed out "there,"

dividing planets from stars, it feU,

vaguely, between "tar" and "farther."

The Copernican system alone

didn't necessarily change that. To be

sure, it rearranged the heavens,

dispatching the Sun to the center of

the universe and sending Earth, the

planets, and the stars spinning in orbit

around it. But for an earthly observer,

the basic distinction between here and

there continued to hold.

Only with the advent of the

telescope in the early seventeenth

century did astronomers begin to

identify similarities between Earth and

the other planets, such as their shared

global shape and the presence of

moons. And only with the invention

of dedicated precision instruments

throughout the rest of the century did

astronomers begin to appreciate the

relative distances to celestial objects. As

Rice University historian of science

Albert Van Helden once wrote of this

era's technology, "Every new discovery

brought the planets closer to the earth,

"Ptolemaic System," from Harmonia Macrocosmica by Andrea Cellarius, 1661

Center Stage
Repositioning the Sun at the hub of our celestial

neighborhood was only the first step.

By Richard Panek

and every improvement of the

telescope showed the stars to be even

farther away."

Early in the seventeenth centuiy

—

at the end of the reign of the

geocentric universe—most

astronomers estimated the distance to

the fixed stars to be 20,000 Earth

radii. By the turn of the eighteenth

century, that estimate stood at

20,000,000,000 Earth radii—

a

miUionfold increase. On such a scale,

the planets suddenly didn't seem so far

after aU. However improbably, those

wandering Hghts in the night sky were

relatively near, leaving the stars alone

to occupy the impossibly vast stretches

of far and farther.

Nothing captured this new celestial

hierarchy better than the coining of

the term "solar system," which

apparently dates firom the early 1700s.

In the three centuries since then, our

ears, sensitized by the Copernican

revolution, have come to hear an

emphasis on the word "solar." But the

understanding that Earth belongs to a

system was no less profound.

By the end of the eighteenth

century, philosopher Immanuel Kant

and mathematician Pierre-Simon de

Laplace had independently proposed

that the Sun and planets shared a

common birth, condensing out of a

mass of gas. Despite some untenable

details of their hypothesis, the German

astrophysicist Carl Friedrich von

Weizsacker retained much of their

basic thinking in the more

sophisticated model of the nebular
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evolutionary process that he worked

out m the 1940s.

Indeed, our conception of the solar

system continues to evolve to this day.

Just within the past decade,

astronomers have discovered Kuiper

Belt objects—small, icy bodies at the

outer reaches of the solar system that

may number in the biUions. As

University of Arizona researcher

Jeffi-ey Larsen reported at an astronomy

meeting this past August, "Our solar

system seems to be populated with

many objects that even a few years ago

were not seen because they are

extremely faint. We still do not know

yet how far out they go."

Or do we? In late October, just

two months after Larsen spoke, three

THE SKY IN FEBRUARY

researchers announced that although

they had conducted six extensive

surveys, they hadn't detected any

Kuiper Belt objects at a distance of

more than fifty-five astronomical units

(AU) from the Sun, approximately at

the outer range of Pluto's orbit. (One

AU equals the distance between Earth

and the Sun, or about 93 million

miles.) Does the solar system really

peter out at Pluto? Or will better

technology and instrumentation reveal

fainter objects? And how would either

scenario alter current theories of solar

system formation?

While astronomers ponder these

questions, the rest of us can enjoy an

especially spectacular planetary display

in February by our solar system

Mercury reaches inferior conjunction

on February 13. The planet comes

back into view during the last week of

the month, appearing low in the east-

southeast before dawn.

Venus hangs in the western sky this

month as darkness falls. Climbing as

high as 42° above the horizon at

sundown in midnorthern latitudes, it

sets about three and a half hours after

the Sun. It is so bright during

February that observers should have

Httle trouble finding it, even before

sunset. The 20th is the date of its

greatest briUiancy. Viewed through a

telescope, the planet's crescent appears

to grow both larger, as it approaches

Earth, and thinner, as it shows us more

of its night side. By month's end,

Venus 's disk is large enough for

viewers to recognize its crescent phase

(using binoculars with at least 7x

magnification).

Mars can be found in the constellation

Libra at the beginning ot February but

crosses over into Scorpius on the 19th,

remaining there for the rest of the

month. Throughout February it

appears to rise out of the southeast

between 1:00 and 1:30 A.M. Local

Standard Time (LST). As the planet

draws nearer to Earth—its distance

shrinking from 137 million to 112

million rrules—it brightens by half a

magnitude, reaching +0.5 by month's

end. Mars appears to pass less than 2°

below the Moon on the morning of

the 15th.

Jupiter, at magnitude -2.4, ranks next

to Venus in brightness this month. The

giant planet is visible all evening; look

for it near the meridian at sunset as it

disappears below the western horizon

at about 2:00 A.M. LST at the

beginning of February and about

midnight by month's end. The ruddy

first-magnitude star Aldebaran can be

found southeast of the planet. Jupiter

seems more than twice as bright as the

star Sirius, which at early evening

sparkles in the southeastern sky, below

and to the left of the bright planet. On
the evening of the 2nd, when the

Moon IS just past first-quarter phase, it

shps below Jupiter.

I



neighbors. On the first day of the

month, Jupiter and Saturn will Hne up

strikingly wdth the first-quarter Moon
in the southern sky. And on February

20 and 21, Venus will reach a

magnificent -5.4 mag:iitude, the

brightest it will be until the end of

2002. Without magnification the

planets can never be anything more to

earthly observers than hghts that

wander. Even so, they can also serve as

nightly reminders ofhow much our

understanding ot the universe has

changed, near and far.

Richard Paiiek is the author ofSeeing and

Believing: How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).

By Joe Rao

Saturn, found near the meridian this

month during evening twilight, sets

after midnight LST. It appears as a

yellowish white, zero-magnitude "star"

in the constellation Taurus, about 8°

southwest of the Pleiades and about the

same distance west of the much
brighter Jupiter. Tipped at about 24.5°

to our Hne of sight, Saturn's famous

ring system can be easily viewed,

through even a small telescope. At dusk

on February 1 and again on the 28th,

the Moon, Saturn, and Jupiter will

appear stretched out in a Hne.

The Moon is at first quarter on

February 1 at 9:02 A.M.; fuU Moon is

on February 8 at 2:11 A.M. Since the

fuU Moon occurs only nine hours after

reaching perigee (its nearest point to

Earth), ocean tides will be much
higher than normal for a few days

around this date. Last-quarter Moon is

on February 14 at 10:23 KM., and the

new Moon falls on February 23 at

3:21 A.M.

I'nlcss otherwise noted, all times are given

in Eastern Standard Time.
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MONKEYING WITH MILLIPEDES

Twenty years ago, ecologist John Robinson, of

the Wi[dlife Conservation Society, observed

puzzling behavior in a group of wedge-capped

capuchin monkeys (Cebus oiivaceus) in central

Venezuela. Upon finding a millipede, the mon-

keys rubbed it all over their bodies, their eyes

appeared to glaze over, and they frequently

placed the arthropod in their mouth while

drooling. Three or four often

shared a single millipede, pass-

ing it from one to the other. After-

ward the monkeys rubbed up against one

another, apparently to spread the millipede's

secretions. Up to ten bouts of this frenetic,

ecstatic anointing could take place within a

single day.

In 1988 Robinson invited his student Xi-

mena Valderrama, now in Columbia University's

anthropology department, to conduct a two-

year follow-up study at his field site. Valder-

rama collected some of the millipedes (Ortho-

poms dorsovittatus) used by the monkeys and

sent them to chemical ecologists Thomas Eis-

ner and Athula Attygalle, of Cornell University.

After "milking" the millipedes for their secre-

tions, which are produced by glands along

their sides, the chemists determined that they

contained benzoquinones, which are powerful

insecticides and disinfectants.

Because the monkeys anoint themselves

exclusively during the rainy season, when they

are vulnerable to infection by mosquito-borne

botfly larvae, Valderrama and her colleagues

hypothesize that the animals intentionally

apply the benzoquinones as protection against

biting insects and parasites. Although milli-

pede secretions contain other toxins and even

carcinogens, they appear to cause the mon-

keys no harm. ("Seasonal Anointment With

Millipedes in a Wild Primate: A Chemical De-

fense Against Insects?" Journal of Chemical

Ecology 26:12, 2000)

A VEGETARIAN CROCODILE Until

now, the fossil record of the last 200 years

has presented a remarkably stable array of

crocodiles. Several gigantic varieties ap-

peared during the age of the dinosaurs, but

these Long-snouted, aquatic carnivores seem

not to have undergone any radical changes

over the eons. Recently, however, paleontolo-

gist Gregory Buckley, of Roosevelt University

in Chicago, and his colleagues unearthed the

fossil skull of a previously unknown croco-

dile—and it appears to have been a short-

snouted vegetarian.

Simosuchus clarki, extracted from approxi-

mately 70-million-year-old rocks in Madagas-

car, has a short pug nose, a tall head, and nos-

trils that point out from the front of the face,

not upward, as in typical living crocodilians.

Some features of the thick skull suggest that it

may have been an adept head-burrower. An

adult Simosuchus would have been only about

three feet long.

The most unusual feature of the new species

is its multicusped teeth, which resemble those

of presumed herbivorous dinosaurs such as

ankylosaurs and stegosaurs. Simosuchus seems

to have undergone a convergent evolution with

skull also shows the characteristic osteoderms,

or bony plates in the skin, that distinguish

crocodiles from their dinosaur relatives.

The new fossil also presents a puzzle for

geologists because of its resemblance to

Uruguaysuchus, an extinct crocodile from

South America. Buckley and his colleagues

think this suggests that Madagascar and

South America may have been linked 80 mil-

lion years ago, long after the young Atlantic

Ocean is believed to have separated the two

landmasses. ("A Pug-Nosed Crocodyliform

From the Late Cretaceous of Madagascar," Na-

ture 405, 2000)

IDENTICAL EMU TWINS A group of re-

searchers in New Zealand has documented the

first case of identical twinning in birds. S. M.

Reconstructiori of Simosuchus

these armored, tanklike dinosaurs. In addition

to the similarities in tooth form, this species

had a broad, compact body and a heavy-boned

skull like those of the dinosaurs. However, its

Bassett, of the Ratite Research Centre at

Massey University in New Zealand, and several

colleagues describe two emu chicks (Dromaius

novaehoilandiae) hatched from the same ex-

traordinarily large egg at an emu farm in Coly-

ton. New Zealand. The egg was artificially in-

cubated, and humans assisted the two female

chicks to emerge from the shell. Although

their combined weight on hatching was about

the same as that of a single normal chick, by

eighteen months of age they were near aver-

age size.

Fraternal twinning—two fertilized ova be-

coming trapped inside a single shell—is a rare

but well-documented occurrence in some birds.

As with human fraternals, the two birds are no

more closely related than are ordinary siblings.

A DNA analysis of the New Zealand emu hatch-

lings' blood showed a complete genetic match,

however, indicating their formation from a sin-

gle ovum that split after fertilization. ("Genet-

ically Identical Avian Twins," Journal of Zool-

ogy 247, 1999)—Richard Milner
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IN THE FIELD

Even before I finished building

the cabin, I could see that it had

potential. Bubo, my tame great

horned owl, perched on one of the

rafters rather than staying out in the

woods, where the blue jays harassed it.

Similarly, as soon as I crossed the

doorstep, the June hordes of

bloodsucking blackflies and horseflies

left off their hot pursuit. Aside from

harboring a few stray houseflies in late

summer, the inside of the cabin was a

sanctuary. When winter came to the

Maine woods, however, my cabin

became more appeaHng to the wild

local fauna, and many adopted my
haven as their own. As a first-time log

cabin builder, I had made many

construction mistakes, and the biggest

was not anticipating the entrance of

winter guests—thousands of them.

Among mammals, my annual

visitors now include a few common
smoky shrews, short-tailed shrews,

red-backed voles, and, last but

certainly not least in numbers, deer

mice. As far as I'm concerned, all are

welcome except the cutest ot the lot,

the deer mice. Normally, deer mice

spend winter high in tree holes, where

they build cozy nests and stay warm by

huddHng in groups. Since I built the

cabin, I've done my best to plug every

conceivable opening with oakum, a

sisal fiber more often used to stop

holes in wooden boats, but deer mice

seem to penetrate the cabin more

easily than water does a boat. The

mice apparently get inside through

tiny apertures and then create more

openings by pulling out the oakum

plugs between the logs. In this they

are aided by the larger and stronger

flying squirrels that use the oakum for

lining their winter nests in natural tree

holes or in birdhouses that I provide,

primarily for other occupants.

On any winter night I can hear

swarms of deer irdce scampering

A biologist recounts how
a peaceful retreat became

a cold-weather zoo.

Winter Guests

overhead in the space between the

metal roofing and a sheet of insulating

Styrofoam. At intervals the footsteps

stop and I hear crunching as the mice

chew the Styrofoam as well as the tar

paper beneath it. White Styrofoam

flakes stream down like snow all over

the bed and floor. Once inside, the

mice shred clothing for their nests,

leave peanuts in my bed, and burrow

into the dry goods. The possibiHty that

they might carry disease tweaks at the

back ofmy mind, too. If I set traps, I

commonly catch up to four mice in a

night, but many more have the run of

the place. The joint efforts of the deer

mice and the flying squirrels also

appear to provide the main means of

entrance for "the crowd."

The crowd is always snug inside,

come winter. It consists mostly of

cluster flies. According to Harold

Oldroyd, who wrote the fly bible, the

1964 Natural History of Flies, there are

several species of these robust flies of

the genus Pollenia. Most of them are

several times the size of houseflies.

Pollenia are calliphorid, or "flesh," flies.

By Bernd Heinn'ch

The larvae of our native species eat the

flesh of dead animals, but the species

in the cabin, Pollenia rndis, was

introduced from Europe, and the

larvae parasitize earthworms. Big and

bristly, these flies are not handsome, in

contrast to the metallic green or gun-

barrel blue of our native Pollenia

(which never enter the cabin at all).

In the fall P rudis perch in crowds

on the logs outside the cabin and sun

themselves. When it starts to get cool,

they slip through the cabin cracks. By

November most of them seem to have

made their way inside, but they

remain totally unobtrusive unless I

build a roaring fire in the woodstove.

Then, within minutes, they come

poking out of all the crevices and, in

an hour or so, if it is still daylight,

gather by the thousands in buzzing

masses at each of the eight windows,

making a collective hiss. They

apparently perceive the warmth as the

return of spring and take it as their

signal to try to leave by flying directly

to the light at the windows. If offered

an exit, at least they do not try to stay



on. Even on the coldest days, if I open

the windows, they rush out and fly a

short distance before the cold grips

them and they fall to the snow. The

flies are not dead, only ininiobiUzed.

When subjected to the cold of a

Maine winter, these flies quickly

become cold-hardy, being

physiologically equipped to endure

low temperatures. Under lab

conditions, I have found that some

succumb to freezing at -20° C if

cooled rapidly, while others can

rebound from -10° C and crawl about

wdthin seconds of being warmed up,

like those in the cabin.

The larvae of numerous species of

ants and beetles spend

the winter inside tree

Crunks, where they

endure temperatures

close to that of the

ambient air. Unlike the

quickly revived flies,

the larvae I have

brought into the cabin

seem stone dead even

after hours of relative

warmth. Only after a

few days do they begin

to show signs ot life.

The substances that

fortify these larvae

against the cold may
also account for their

lengthy stupor. Ant and

beetle grubs contain

glycerol or other sweet-

tasting "antifreeze" (I

have not tasted the flies), which

prevents ice-crystal formation in the

body, renders them inactive, and also

takes a long time to leave the blood.

The other winter cabin guests

—

primarily of three species—are

beautiful and more benign in habit.

When the cabin is heated, for

example, they don't have the annoying

P. rudis tendency to hover around the

bed light and then, when it's turned

off, to dash under the covers and buzz

there rudely.

The first of these, mourning cloak

butterflies, usually remain in crevices

outside and only rarely make it into

the cabin. In the fall I commonly see

one or two fluttering under the roof.

The second species has arrived here in

numbers only in the past few years.

These occupy the cabin by the

thousands some years and by the

dozens in others; this winter, none

have appeared. They are multicolored

Asian ladybugs or ladybird beetles, first

introduced to the southern United

States to control aphids. Like many of

our endemic species of ladybirds, these

beetles have handsome red-and-black

coloration. Asian ladybugs, however,

Opposite: Deer mouse, wanted for breaking and entering. Above:

Welcome visitors include the mourning cloak butterfly (top left)

multicolored Asian ladybug (bottom left), and green lacewing.

are more varied. Their "background"

hue can be deep red or orange or

yellow. They may have no spots or

have tiny black dots or spots that

coalesce into black bands.

Not everyone has fond feelings for

these beetles. In some parts of the

country, they themselves have become

pests by their sheer numbers as they

adapt to Hfe in vertical dwellings rather

than their traditional Asian crevices and

caves. And like many other insects

whose bright colors serve as a warning

to stay clear, multicolored Asian

ladybugs taste bad to predators and give

ofl^a noxious smell when crushed. My
tolerance for the beetles stems from

their own predatory habits.

Multicolored ladybugs and their larvae

teed on aphids and other plant-sucking

insects, such as the woolly adelgid,

which is decimating hemlock stands

from Virginia to New England. It is

claimed that as it develops, a single

multicolored Asian ladybug can devour

600 to 1,200 aphids. The adelgid was

introduced from Asia and became a

serious problem in the inid-1980s,

close to the time the Asian ladybird

beetles first started showing up in my
cabin. Once attacked by

adelgids, a hemlock tree

dies. So far, I have not had

a problem with adelgids on

my hemlocks, and I

welcome the beetles into

their overwintering home.

The third insect that is a

regular but never abundant

visitor is the green

lacewing. The hght, bright

green of this insect extends

to its four wings, dehcate

membranes stretched

between a network of

veins. To me, lacewings

have a certain aura. But

this is lost on aphids.

Lacewing adults as well as

their larvae, commonly

called aphidhons, are

ferocious predators. In the

woods I often find the adults

hibernating under loose dead bark in

the winter. They are rare enough in

the cabin to be a treat.

The diversity and abundance of

winter wildlife is not unique to my
cabin. Anyone can be similarly blessed.

By allowing a few openings, I now
play host to the good, the bad, and the

beautiful.

Benid Heinricli is a professor of biology at

the University of Vermont, Burlington.
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NiqhtUfe of

Social Cater
For coLd-adapted larvae on the peaks of the

Sierra Madre, the action begins after dark.

By Terrence D. Fitzgerald ILLustrations by Utako Kikutani

Above: Madrone

trees festooned

with caterpillar

nests. Scenes of

a life cycle,

opposite,

clockwise from

upper right: Tiny

yellow-green

hatchlings,"

mature

caterpillars

tending the nest;

pupation;

mating; and egg

laying.

began to suspect there might be trouble

ahead when we had driven for many miles

without seeing any cars in the oncoming

lane. We had gotten a late start and were

traveling at night along twisting and precipitous

Highway 41, which leads from the Mexican coastal

^town of Mazatlan east to the city ofDurango, some

1 1 80 ixdles from the Pacific in the Sierra Madre Oc-

gcidental range. My colleague Dessie Underwood

I
and I had come to this rugged region to study the

g madrone caterpillar, the larval stage of the pierid

"butterfly Eiicheira socialis, a distant relative of the

cabbage white butterfly famiUar to North Ameri-

can gardeners. Living in colonies at elevations of

approximately 8,000 feet, madrone caterpillars nest

on the branches and feed on the leaves of the

madrone tree, which grows on the fringes of pine

forests on the mountain peaks and keeps its leaves

all winter. Although snow is rare here, nights are

cold and frost is common. But throughout the win-

ter, the madrone caterpillars continue to teed and

grow, foraging under frigid conditions that few

other insects could tolerate. Dessie and I had

teamed up to study their ability to survive deep

winter in the mountains.

As our car approached a tortuous part of the

highway aptly called Espinazo del Diablo, or

"spine of the devil," we encountered a massive

gridlock of vehicles stranded by black ice. Mo-
torists huddled around makeshift fires dotting the

sides of the highway. It wasn't untU late the follow-

ing morning, after the sun had melted the ice and

a pathway was opened through the maze of stalled

vehicles, that we were able to continue on our

way. Arriving at our study site later that day, we re-

ahzed we weren't the only victims of the cold.

Some madrone trees and their caterpillar colonies

had escaped damage, but throughout the forest we

saw pockets of firost-damaged madrone trees with

colonies of dead, frozen caterpillars hanging from

the branches. Records we obtained firom a local

weather station indicated that the colonies had

probably been killed shortly before our arrival,

when temperatures fell to as low as 9°F night after

night for more than two weeks. Madrone caterpil-

lars push the physiological hmits of insects in deal-

ing with cold temperatures, and although they can

resist freezing during most winters, they are clearly

susceptible to prolonged spells of severe cold.

The madrone caterpillar is one of some 300

species of caterpillars that live in social groups.

(More than 140,000 Lepidoptera species exist

worldwide.) According to Peter Kevan and

Robert Bye, who studied the insect's general hfe

history in the early 1990s, the Aztecs called it

xiquipikhiuhpapalotl, or "butterfly that makes a

pouch." The brilhant white, baghke nests that

house the colonies are typically six to eight inches

in diameter and are constructed of pure silk. Na-

tive peoples used these tightly woven shelters to

make containers and fabric. The conspicuous

nests, which can number twenty or thirty per tree,
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Eucheira soa'alis,

the butterfly

that develops

from the

madrone

caterpillar, lays

her eggs on a

madrone leaf.

Females usually

mate and deposit

their eggs on the

same day they

leave the nest as

adults. Mission

accomplished,

they soon perish.

also attracted the attention of the explorer Alexan-

der von Humboldt during his travels in Mexico in

the early 1800s. Von Humboldt observed the

caterpillars and used the nest material as parch-

ment, signing his name in 1804 on a section cut

from a nest.

While the bag nests are feats of caterpillar ar-

chitecture, the insects' enduring family bonds and

the recently discovered fact that the colonies are

composed largely of males are what make the

madrone caterpillar unique, so far, among social

caterpillars. Each colony consists of up to several

hundred sibhngs that remain together for nearly a

year, pupating as a group and then transforming

into butterflies while still sequestered in the nest.

The female butterfly lays her cluster of eggs on a

madrone leaf during the rainy season, in June or

July. The young caterpillars hatch from these eggs

in about three weeks and remain together to for-

age and to spin silk; eventually they cover a few

leaves in a veil of silk, creating a primary nest

within which they will rest between bouts of feed-

ing. As fall approaches, the caterpillars quicken the

pace of their spinning and create a secondary nest

that completely engulfs the primary one. The

walls of this outer nest are highly fortified, consist-

ing of tens of thousands of strands of silk so tightly

woven that the nest will hold water and a sharp in-

strument is needed to penetrate its walls. The

caterpillars wOl spend the rest of their larval Uves

—

some eight months—in the expanded nest, leaving

it only to feed. (Some other lepidopterans have a

lengthy larval stage, but most spend far less time as

caterpillars than the madrones do. In the tent

caterpillars of eastern North America, for ex-

ample, the larval stage lasts eight weeks.) To feed,

madrone caterpillars enter and exit the nest

through a small opening at the bottom. Otherwise

the nest is an impenetrable fortress, excluding

birds, wasps, and most other predators that might

find the caterpillars a tasty meal.

Although the primary function of the nest may

be to protect its inhabitants from their natural ene-

mies, our studies show that the structure is also es-

sential for caterpillar growth during the winter. At

our study site, evening temperatures begin to fall

below freezing in October and continue to do so

until the following May. From December to Feb-

ruary, nighttime lows average 18° P. The days are

relatively warm, but the temperature plummets

when the sun sets. By the time darkness envelops

the forest, the temperature on a typical night will

have already fallen to 41 °F or less—chilly enough

to bring the activity of most insects to a standstill.

Yet this is just when the colonies of the madrone

caterpillar stir to life.

Our nocturnal fieldwork revealed that the

caterpUlars leave the nest each evening at dusk.

After adding sUk to the nest's outer walls, they

travel up to ten feet away on the tree and feed until

early morning. Usually they return to the nest be-

fore dawn, their guts packed with leaves. If the

overnight temperature falls below a certain level

—

known as an insect's chiU-coma temperature—all

activity ceases, and the inert caterpillars are able to

return to the nest only after basking in the rays of

the early morning sun. ChiU-coma temperatures

vary among insects; that ofthe madrone caterpillar

is 28° F. Only one other caterpillar—a subarctic

species—is known to have a chiU-coma tempera-

ture this low. Even when overnight temperatures

remain above freezing, however, the physiology of

the caterpillars is taxed: at 77° F, madrone caterpil-

lars travel three feet in less than three minutes, but

at 41 °F, they take half an hour to cover the same

Each colony consists of up to

several hundred siblings that

remain togetherfor nearly a year.

distance. So why do these caterpillars press their

hmits at night, when they could bask in the sun

and feed efficiently and at leisure during the day?

One explanation is that nocturnal foraging may

have evolved in this species in response to preda-

tors that are active during the day.

Although they feed by night, madrone cater-

pillars cannot digest their food until morning, be-

cause they need heat to process what they take in.

Like miniature greenhouses, the nests trap the ra-

diant heat of the morning sun, and the caterpillars

within the nest are able to warm their bodies

rapidly to the relatively high temperature needed

to drive the processes of digestion and growth.

The temperature of the interior of one nest that

we measured in January rose from 25° F to 75° F in

just one hour, exceeding the outside air tempera-

ture by 30°.

Studies that Dessie Underwood conducted

with Arthur Shapiro at about the same time as we

were doing our thermal ecology research showed

that in colonies of madrone caterpillars, brothers

outnumber their sisters by as many as four to one



and that, even for their numbers,

these males do a disproportionate

amount of work involving nest

construction and maintenance.

Such strongly biased sex ratios arc

rarely encountered in insects;

when they are, as in ants and

bees, females predominate. Un-
derwood and Shapiro observed

madrone caterpillars over six

generations. The persistence of

the uneven sex ratio over these

generations suggested that pro-

ducing more males than females

is advantageous to the colony as a

whole. With their numerous

brothers doing most of the work,

sisters can save energy and use the

nutrients they take in to fuel the maturation of

their ovaries. The leaves of the madrone tree con-

tain httle nitrogen, which is necessary to build

proteins, and the colony will benefit if the females

channel this nutrient into the production of

eggs—that is, the next generation of madrone

caterpillars—rather than silk. At maturity, the fe-

male caterpUlars weigh up to twice as much as

their hardworking brothers.

In addition to constructing an efficient heat-

trapping nest, the caterpillars prepare for winter by

laying down an extensive network of silken trails

from the nest to food sources. Because they slow

down in the cold, the caterpillars would be unable

to travel very far from the nest if they had to blaze

new trails in the dead of winter. They solve this

problem by establishing the trails before cold

weather sets in. By late fall, prominent silk path-

ways issue in all directions from the nest, each

leading to a patch of leaves the caterpillars will har-

vest during the winter. The energetic males are

usually the first to venture forth in autumn, and

they secrete most of the silk that marks the path-

ways along the tree's branches.

Silk helps the caterpillars move more rapidly

and obtain purchase on the madrone's smooth
limbs, from which they might otherwise slip dur-

ing their cold-induced nighttime lethargy. To find

their way along these paths, however, the caterpil-

lars depend not on the silk but on a pheromone.

Each evening, the first caterpillars to head out

fagain, usually males) lay down fresh stimulant by

intermittendy brushing against the .silk path with

the tips of their abdomens and secreting the

Madrone

caterpillars live

at elevations of

about 8,000 feet

in Mexico's Sierra

Madre Occidental

range. Below: In

autumn, some of

pheromone. Once estab-

lished, the chemical trail

is followed and reinforced

by their colony mates.

Critical to foraging suc-

cess, it not only enables

the larvae to stay together

during their trips away

from the nest but, like

pebbles dropped on the

forest floor by a traveler,

also allows them to find

their way back home.

Studies show that the caterpillars can detect the

pheromone at concentrations of far less than a bil-

lionth of a gram per millimeter of trail.

By the time warm weather returns in the

spring and the caterpillars prepare to pupate, they

will have gathered enough food and stored suifi-

cient energy during their nightly forays to sustain

them for the brief remainder of their lives. At this

point the colonies of most species of social cater-

pillars disband, and individual larvae seek secluded

pupation sites, but madrone caterpillars retain their

social bonds and pupate en masse inside the nest.

Prior to metamorphosis, the caterpillars pack to-

gether and suspend themselves by the tips of their

abdomens from the inner walls. (At this stage the

insects are plump and nutritious; indigenous peo-

ples collect mature nests, extract the pupae, and

then roast and consume this conveniently pack-

aged food source.) The reproductive success of a

colony—its success at passing on its genes to a new
generation—can be largely gauged by the weight

the caterpillars,

typically males,

blaze a silk trail

along tree

branches leading

from the nest to

patches of leaves

they will harvest

in winter.
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The communal

nest, below,

serves as both a

fortress and a

solar-heated

retreat.

Opposite: Snug

within the

shelter by day,

the caterpillars

leave to forage

at nightfall,

following

pheromone-laced

silk paths.

of its female pupae. When Underwood and Shapiro

created experimental colonies with different ratios

of male to female caterpillars, they found that male-

biased colonies produced the largest pupae.

Having performed their critical role in the suc-

cess of the colony, many males perish before they

have a chance to pupate. On spring days, numer-

ous caterpillars can be found lying Hstlessly on the

outer surface of their nests, where they wither and

die. Underwood and Shapiro found that almost all

these individuals are males, with no indications ot

disease, predation, parasitism, or any other clear

cause of death. Their studies have shown that

males spend less time feeding than their sisters do

and occasionally spend the whole night spinning

and moving about the nest without venturing out

By late fait, prominent sUk

pathways issue in alt directions

from the nest.

to feed. Perhaps the ones that die prematurely are

undernourished and simply lack the physiological

resources necessary to fuel the metamorphoses that

would convert them into pupae and adults.

d After several weeks of transformation within

gthe nest, the butterflies emerge from their pupal

leases. Now, in the fmal and most fleeting phase ot

itheir lives, the insects abandon their habit ofmov-

|ing about only under the cover of darkness. One

by one, the mature males and egg-laden females

work their way through the nest's opening to the

sun-fdled world outside. Not all manage to escape.

Some die in the attempt to break free of an un-

yielding pupal case, and occasionally we fmd a nest

choked with dead butterflies at an obstructed

opening.

Despite the death ofmany males in the caterpil-

lar stage, they still outnumber females as adults and

are Ukely to encounter stiff competition as they fly

about the madrone trees in search of mates. After

surviving a long winter as caterpillars, the E. socialis

butterflies have only a few days in the sun. The fe-

males commonly mate and deposit their comple-

ment of eggs on the same day they escape from

their nest, and, being spent, they die shortly there-

after. The males, too, live just several days. Still,

they will have completed their mission. In only a

few weeks' time, madrone caterpillar young,

adapted to the rigors of winter nights in the Sierra

Madre, will replace them in a new cycle ot hfe. D
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Robbin
Archaeological Cradle
In the aftermath of the Gulf War, Iraqis ancient

heritage has landed on the endangered list.

A guard stands

at the entrance

to Hatra, an Iraqi

site that has

been subject to

looting. Hatra's

buildings belong

to the period

when the Iranian

empire of Parthia

enveloped much

of Iraq.

irtually all of Iraq is an ar-

chaeological site, so the

1990-91 Gulf War inevitably

took a toU on the remains of

ancient settlements, some well

known and others still awaiting

discovery and exploration. One ot

these sites was Ur of the Chaldees,

the reputed birthplace of Abraham, where excava-

tions in the 1920s and 1930s had yielded a great

temple complex as well as royal tombs packed with

sacrificed servants and gold treasures rivaHng the

riches of Tutankhamen. Bombing and strafing left

four large craters in the temple precinct and some

400 holes in the temple's great ziggurat, or stepped

tower. Far worse, following the cease-fire and the

imposition of sanctions, the weakened Iraqi author-

ities were powerless to protect most of the country's

museums and archaeological sites from looting and

theft. Even now, a decade later, the nation's Depart-

ment of Antiquities and Heritage is short of needed

resources. As a result, thousands of artifacts have

been smuggled out of Iraq and offered on the inter-

national market. Furthermore, in the course of an

emergency agricultural development program

aimed at averting food shortages, the Iraqis have

bulldozed, plowed, inundated, and irrigated count-

less ancient sites. What is being lost is not only

Iraq's heritage but the world's.

Called Mesopotamia by the Greeks and vari-

ously Sumer, Akkad, Babylonia, and Assyria by its

own ancient inhabitants, Iraq has an excellent

claim to be the cradle ofWestern civilization. The

emergence of complex communities was accom-

panied by developments such as writing, the

wheel, irrigation agriculture, cities, monumental

architecture, state-sponsored warfare, organized

religion, written laws, kingship, a wealthy class,

imperialism, centrally organized production of

hand-crafted goods, and large-scale trade. By and

large, the first eleven chapters of Genesis are set in

southern Iraq, in the land of Shinar (Babylonia).

Eden, the Sumerian word meaning "steppe," was

the name of a district in Sumer, or southern Baby-

lonia. Mesopotamian royal gardens, notably the

Hanging Gardens of Babylon, may have inspired

the story of the Garden of Eden. According to

Genesis, the first cities founded in Shinar after the

flood were Babel (Babylon), Erech (Uruk), and

Accad (Akkad), while the first cities in Assyria

(northern Iraq) were Calah (Kalhu, now Nimrud)

and Nineveh. With the exception of Akkad, well-
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Dating from

about 2100 B.C.,

UKs ziggurat, or

stepped tower,

was excavated in

the 1920s and

1930s.

preserved remains of all these cities can be seen in

Iraq today.

Archaeologists were relatively slow to tackle

the region's countless tells, the earth mounds that

mark the sites of ancient settlements. Consisting

largely of the accumulated remains of mud-brick

buildings, they were less enticing than the stand-

ing stone ruins of ancient Egypt, Greece, and

Rome, and their historic identity was not always

apparent, even to local inhabitants. The first ar-

chaeologists to explore them were Paul-Emile

Botta, a French diplomat, and Austen Henry La-

yard, an adventurous English lawyer. In the mid-

nineteenth century they both probed mounds in

and near present-day Mosul, a city in northern

Iraq that embraces the site of ancient Nineveh.

Between the two of them, they uncovered the re-

mains of five Assyrian palaces.

One, excavated by Layard in Nineveh, was the

"palace without rival" of Sennacherib, a king of

the Assyrian empire. The inner walls and court-

yards were lined with two miles of sculptured stone



slabs depicting the king's various campaigns, from

the Persian Gulf to the Mediterranean. Sen-

nacherib is best remembered for his unsuccessful

siege of Jerusalem in 701 B.C. The siege was cut

short, according to conflicting bibHcal accounts,

either by the angel of the Lord or by a large bribe

paid bv the Judaean king. An inscription on a

statue found m the doorway ot Sennacherib's

throne room also recounts the bribery tale, provid-

ing the first-known independent written account

corresponding to a story in the Bible.

Within the palace Layard discovered thousands

of clay cuneiform tablets, constituting the world's

earliest-known comprehensive collection of writ-

ten knowledge. In 1872 George Smith, a young

Assyriologist at the British Museum, discovered

that one of these tablets told the story of a great

flood that had covered Earth. Suddenly it appeared

that eyewitness accounts might be able to enrich

the entire biblical narrative, if only the right tablets

could be unearthed. This prospect precipitated a

refocusing of archaeological attention in the last

quarter of the nineteenth century—from art to

tablets and from northern to southern Iraq, the set-

ting of Genesis. Although httle direct evidence for

the historicity of the biblical accounts emerged

from these excavations, they did reveal a previously

At Ur, the reputed birthplace of

Abraham, excavators discovered a

temple complex and royal tombs

packed with gold treasures.

unknown civilization that had profoundly shaped

the biblical texts.

At the turn of the twentieth century, German

teams initiated extensive excavations at three major

sites: Babylon, Ashur, and Uruk. In about 1750

B.C., Babylon was the capital of an empire under

Hammurabi, a king whose law code recorded prin-

ciples ofjustice stiU recognized today. More than a

thousand years later, Babylon became the capital ot

an even greater empire under King Nebuchadrezzar

II (Nebuchadnezzar), who reigned from about 605

to about 561 B.C. and is traditionally credited with

establishing the Hanging Gardens of Babylon, one

of the Seven Wonders of the World. The Tower of

Babel, the great ziggurat beside Babylon's temple of

Marduk, dates to this era. Its foundations are visible

today. Babylon was also famous for its city wall, part

of which—the polychrome brick Ishtar Gate—was

carried off" to BerHn by the German excavators.

Two earlier versions of the gate, adorned with bulls

and dragons in brick reHef, still stand at the site.

In 587 B.C. Nebuchadrezzar II captured Jerusa-

lem and herded its population east to Babylonia.

Some biblical scholars believe that, after arriving

in Babylon, the captives drew on the traditions of

their conquerors to compose the story of a people

that originated in Eden, survived the Flood, built

the Tower of Babel, and then, in the person of a

A limestone

statuette

discovered in the

Inanna Temple of

Nippur depicts a

woman with her

hands clasped in

worship. The

figure was stolen

from the Kirkuk

regional museum

in northern Iraq

following the

Gulf War and is

still missing.
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A woman makes

bread In a

bedouin camp at

Nineveh, below.

Behind her is the

restored Nergal

Gate, straddling

the ruins of the

city wall.

Opposite page,

bottom: An ivory

furniture

ornament from

Kalhu, now in

the Iraq Museum.

great patriarch, migrated westward to Israel. Abra-

hams journey became a source of inspiration for

the exiled Judaeans.

The ancient city of Ashur, on the Tigris River

in northern Iraq, gave its name to the god, the land,

and the people of Assyria. Early in the second mil-

lennium B.C., Ashur grew wealthy through trade

with Turkey, later becoming the center ot an em-

pire that encompassed all ofwhat is now Iraq, Syria,

Lebanon, Jordan, Israel, and Egypt, as well as large

parts of Turkey and Iran. At Ashur the German ex-

cavators uncovered monuments and documents

from the entire span of Assyrian history.

Uruk, in southern Iraq, often considered the

world's first true city, is the place where writing first

appeared. Its legendary king, Gilgamesh, is the sub-

ject of the oldest-known epic story, in which he

_^

During the bombing ofBaghdad,

artifacts in the Iraq Museum were

dispersedfor safety to regional

museums and to the vaults of the

Central Bank. But the bank was

bombed, and after the ceasefire, the

regional museums were looted.



fails in his quest to elude death but

achieves immortality by building

Uruk's great city wall. So complete

was the city's economic dominance

of Mesopotamia from about 3500

to 3000 B.C. that mosaics made of

baked clay cones, a feature consid-

ered evidence of an Uruk adminis-

trative or mercantile presence, are

found from Turkey to Egypt. While

the German archaeological work

was permanently cut short at Baby- At Ashur, on the

Ion and Ashur by World War I, it Tigris River,

was resumed at Uruk prior to above, the Iraqi

World War II and again in 1953. Department of

Over the course of a century of ex- Antiquities and

cavations there, the German team Heritage has

has recovered more evidence for launched new

the rise of Mesopotamian civihza- excavations, in

tion than is available from any part to

other site. Discoveries there in- discourage

elude early evidence of kingship looters.
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and monumental architecture and clear representa-

tions of religious rituals.

Prior to World War I, the area that is now Iraq

was part of the Ottoman Empire. The excavations

of Layard, Botta, and other foreign archaeologists in

The earth mounds that mark the

region's ancient sites were less enticing

to archaeologists than were the stone

ruins ofEgypt, Greece, and Rome.

the nineteenth century were carried out under per-

mits issued by the government of the Ottoman sul-

tan in Istanbul. At first the sultan showed litde inter-

est in ancient remains, and excavators in the

mid-nineteenth century were allowed to export

whatever they wished. This is when the British Mu-

seum and the Louvre acquired the bulk of their re-

nowned Mesopotamian collections, which aroused
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At the Iraq

Museum in

Baghdad, left,

students view

reliefs from

Dur Sharrukin.

Above: Babylon's

Ishtar Gate,

unearthed by

German

archaeologists

before World

War I, is

displayed in

Berlin's Pergamon

Museum.



52 NATURAL HISTORY 2/01

Built of

unreinforced

brick, an arching

vault at

Ctesiphon, right,

is all that

remains of a

sixth century a.d.

audience hall,

constructed

when Iraq was

part of Iran's

Sasanian Empire.

Below: A winged

deity that once

guarded a palace

door. Discovered

at Dur Sharrukin,

the alabaster

relief was

acquired by the

Louvre in the

1850s.

great scholarly and public excitement. Stung by the

loss of irreplaceable treasures from the empire and

anxious to establish Istanbul as a center for the study

of ancient art, the Ottoman statesman Hamdi Bey

founded the Archaeological Museum of Istanbul in

1881. Thereafter, foreign archaeologists were

obHged to share their discoveries with the museum,

which divided dupHcate finds with the excavators

and had the right to retain unique pieces.

After World War I, Iraq became a separate state

administered by Britain. With the energetic guid-

ance of a British official, Gertrude Bell, who advo-

cated that antiquities be retained by the country

of origin, the Iraq Museum was founded in 1923

in Baghdad. Upon the end of the British mandate

in 1932, Iraq began to take charge of its own patri-

mony. An antiquities law enacted in 1936 decreed

that all the country's antiquities more than 200

years old, whether movable or immovable, above

ground or below, were the property of the state

and that none could be excavated, sold, or ex-

ported without government authorization. Ini-

tially, the Ottoman tradition of dividing duplicate

finds with their excavators was still permitted, but

amendments to the law in the 1970s eliminated

this provision.

Artifacts from archaeological sites were now
housed in the Iraq Museum, in the heart of down-

town Baghdad, which accumulated the most im-

portant collection of Mesopotamian antiquities in

the world: gold from Ur, ivories and gold from

Kalhu, thousands of clay tablets, and major works of

sculpture from all periods. The Iraqi Department of

Antiquities and Heritage created a nationwide pro-



tablets (literary works, omens, incantations, astro-

nomical records, mathematical exercises) were

found, still arranged on the shelves. British and

Polish teams in northern Iraq were excavating

Nemrik, Qermez Dere, and M'lefaat, three of the

oldest villages in the world. (These settlements,

dating to about 8000 B.C., were contemporary

with the first domestication of plants and animals

Robbers chopped off the human

head ofa colossal imiged bull and

sawed it into eleven pieces in an

attempt to smuggle it abroad.

for subsistence purposes.) And at least five Ameri-

can teams had recently renewed or initiated field-

work at the sites of Nippur, Lagash, Mashkan-

Shapir, Dilbat, and Nineveh. Knowledge of Iraq's

past was increasing exponentially.

When Iraq invaded Kuwait in the summer of

1990, virtually all archaeological activity ceased,

and the war and subsequent imposition of UN
sanctions have left Iraq's patrimony in peril. Not

only is almost no money available for the preserva-

gram to educate the populace about their country's

cultural history. The centerpiece was a network of

regional museums, each of which displayed hun-

dreds of objects chosen to provide a microcosm of

Iraqi heritage. Largely as a result of the enthusiasm

and cooperation engendered by this program, the

plundering of archaeological sites was rare.

At the time of the Gulf War, archaeology was

experiencing an extraordinary revival in Iraq, after

a dry spell during the nation's 1980-88 war with

Iran. Dozens of foreign and Iraqi teams were

working at an unprecedented rate, often in re-

sponse to threats posed by modern urban and

agricultural development. At the ancient site of

Sippar, just southwest of Baghdad, Iraqi archaeol-

ogists had discovered an extensive library from the

late Babylonian empire. A wide variety of clay

Hacked into

pieces by

plunderers of

Dur Sharrukin,

the human

head of a winged

bull, left, now

rests in the

Iraq Museum.

Above: A guard

shepherds

visitors to

Umma, a site

heavily looted

after the war.



54 NATURAL HISTORY 2/01

A bull's head

decorates a lyre

that was

excavated from

one of the rich

burials in the

royal cemetery at

Ur and that is

now in the Iraq

Museum.

tion of antiquities, but in addition, some Iraqi citi-

zens, squeezed between ruinous inflation and

shortages of basic necessities, have turned to looting

and selling artifacts from excavated and unexcavated

sites and even from museums. In the past few years,

for example, robbers have hacked up the sculptured

stone slabs from the palace of Sennacherib, which

had been reconstructed as a museum in the 1960s,

and some of the best-preserved fragments have

been smuggled abroad to satisfy collectors.

Another affected site is Dur Sharrukin (modern

Khorsabad), where Botta discovered the palace of

the Assyrian ruler Sargon II (reigned 721—705 B.C.).

Before the Gulf War, little of the building itself re-

mained standing, and its monumental sculptures

were on display in Baghdad and Paris. Immediately

prior to the war, however, Iraqi archaeologists had

excavated a colossal human-headed winged bull

from one of the city gates. A few years later, robbers

chopped off its head and sawed it into eleven pieces

in an unsuccessful attempt to smuggle it abroad.

The mutilated remains are now on display in the

Iraq Museum, and ten of the perpetrators are re-

^ ported to have been executed.

s At Kalhu, Layard excavated the site of the palace

I belonging to King Tiglath-pileser III (reigned

I One of the tablets told the story ofa

greatflood that covered Earth.

Might eyeuntness accounts exist to

enrich the biblical narrative?

744-727 B.C.). The building had been dismantled

by one of the king's successors, and its sculptured

wall slabs stacked neatly in preparation for recarv-

mg. Recently, many ot the slabs were stolen and cut

up into smaller pieces, which are now appearing on

the international art market. The fate of more than

a hundred pounds of gold jewelry and other fabu-

lous artifacts that Iraqi archaeologists excavated just

before the GulfWar from the burial sites offour As-

syrian queens remains unknown.

The site of Telloh ("the mound of tablets"), ex-

cavated by French archaeologists beginning in

1877, was the cult city Girsu in the ancient city-

state of Lagash. Among the cuneiform records

found there is an inscribed stele (upright stone slab)

from about 2500 B.C. that constitutes the earHest

known documentation of state-sponsored warfare.

Lagash was competing with neighboring Umma for

irrigation rights, and the dispute was settled by

armies that rode into battle in war wagons, among
the earliest documented wheeled vehicles. After the

GulfWar, Telloh was apparently plundered, because

previously unknown temple records from the site

appear regularly tor sale on the Internet.

Lagashs rival, Umma, unexcavated before the

war, recently fell prey to wholesale looting, result-

ing in large numbers of tablets from the site being

offered on the antiquities market. In response, the

Iraqi Department of Antiquities and Heritage initi-

ated its own excavations at Umma and last year dis-

covered a monumental palace or temple and a huge

cemetery, described by the excavators as "a city of

graves"—aU dating from about 2500 B.C. Perhaps a



stele with Unnnas version of the war with Lagash

will eventually come to light.

During the bombing of Baghdad, the Iraq Mu-
seimi was closed and its holdings dispersed for safety

to the regional museums and the vaults of the Cen-

ti-al Bank in Baghdad. The unanticipated sequel was

that the bank was bombed, and during the upris-

ings that followed the cease-fire, at least seven of the

regional museums were looted. The full extent of

the losses is not yet known; however, some 4,000

objects have been reported missing from the re-

gional museums. Last year the Iraq Museum re-

opened, but it may take years to evaluate and con-

serve the collections. Rebuilding the professional

staff, diminished by hardships and cutbacks, is a

major challenge, because the education of the up-

coming generation has been disrupted.

Arguing that Iraq has not fUfiUed the terms im-

posed by the cease-frre, the United States has consis-

tently used its UN Security Council veto to maintain

the sanctions. As a result, over the years, most kinds of

nonhumamtarian assistance to Iraq have been blocked. At Kalhu, in

including a planned UNESCO mission to assess dam- the throne room

age and even a request to import photographic sup- of King

pHes to reproduce images of stolen artifacts for Inter- Ashurnasirpal II,

pol. The Department of Antiquities and Heritage has archaeologist

managed to protect and document a few major sites Mehti Baba

and to reopen the Iraq Museum, but for the most part, points to an

we are witnessing the destruction of a very proinising image of the

past. Once gone, it can never be recovered. D king.

fm
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Serpentine

Seemingly

charmed by the

spring sunshine,

dozens of red-

sided garter

snakes emerge

from their winter

den in

Manitoba's

Interlake region.

Some mate Mam'toban

garter snakes wear

the alluring scent of

females.

By Richard Shine and Robert Mason

^^arter snakes may be the most common snakes

m in North America, but the subspecies known

^ as the red-sided garter snake provides an un-

^^# common annual spectacle. During the severe,

six- to eight-month winters in Manitoba, Canada,

these small, nonvenomous snakes sequester them-

selves in deep crevices to avoid freezing. Since such

sites are rare in the barren, rocky region between

Lake Manitoba and Lake Winnipeg, snakes that have

dispersed across many miles in the summer gather by

the thousands to spend the winter at the few suitable

spots. Some of their major dens are located about

seventy-five miles north of the city ofWinnipeg and

are surrounded by swampland that durmg the

warmer months provides an abundance of frogs, the

snake's favorite prey. When dens near swampland

empty out in early spring, some of them disgorge

more than 10,000 snakes from rocky depressions as

small as sixteen feet long and six feet wide.

Over the past fifteen years, one of us (Bob

Mason) has been visiting these dens in an attempt

to understand the snakes' behavior. Males and fe-

males mass together in the same dens, emerging

from hibernation between late April and the end of

May. (In dens that receive more sunlight, the exo-

dus can take place somewhat earher.) Males emerge

first. Having reached the surface, they stay close to

the den for the better part of May. It's now mating

season, and they're waiting to intercept the tardy fe-

males. As soon as a female appears, a seething ball of S|

dozens (often hundreds) of amorous suitors forms

ii^^fiiiS
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around her. This rippling clot of snakes may move

en masse over rocks and vegetation until the temale

has mated. Some "matmg balls," however, contain

no females. In 1985 Bob Mason, working with

David Crews, of the University of Texas, reported

that frenetic males frequently attempt to mate with

certain other males that they evidently mistake for

females. These "she-males," they observed, are in-

distinguishable in size and markings from ordinary

males, and they also seek female mates—yet they

attract other males by the score.

Female mimicry by males, although not com-

mon, occurs throughout the animal world. Among
some anole lizards, for instance, males that are too

small to defend a territory of their own may man-

age to Hve within a dominant male's territory if

they can avoid conflicts by passing as females. Com-
mon sunfish produce two kinds ot males—a large,

dominant male that builds and defends a nest and

tries to attract females to it, and a smaller male that

resembles, and behaves Hke, a female. This female

mimic swims between a mating pair just as the

dominant male is about to fertilize the female's eggs

and fertilizes some of them himself.

Manitoba's red-sided garter snakes, however, are

the only snakes known to have males that mimic fe-

males. How does an amorous male garter snake tell

a male from a female in the horde of snakes emerg-

ing in early spring from a large den? By sensing the

pheromones that emanate from the animals' skin.

When snakes flick their tongues m and out, they

pick up chemical cues from the air, which they

transfer to a sensory organ in the roofof the mouth.

When a male tongue-flicks another snake, he in-

stantly determines his neighbor's apparent gender

by the scent of the Hpids on its skin. Bob and David

discovered the pheromone difierences during their

first year of collaboration, and a few years later they

were able to synthesize the signahng chemical in

the lab.

Why do some males smell like females? At first

the researchers hypothesized that a male's release of

female chemicals might benefit him by confusing

his rivals: the she-male would be the only male

snake within a mating ball that knows who the real

females are. At this stage of the game, Bob and

David also thought that individual snakes remained

either she-males or he-males throughout an entire

mating season, if not an entire Hfetime. There the

story remained until Rick Shine came from Aus-

traUa in 1997 to visit Bob at the garter snake dens.

Rick became so intrigued with the abundance of

female mimics he saw there that he returned the

following year with two research assistants from the

Garter Snake Grottoes
Each spring in central Manitoba, tens of thousands of red-

sided garter snakes (Tliamnophis sirtalis parietalis) emerge fi^om

their rocky dens in the bleak countryside between Lake

Winnipeg and Lake Manitoba. The mass emergence attracts

busloads of schoolchildren and tourists fi-om southern Man-

itoba and beyond. On Mother's Day, Winnipeg youngsters

traditionally take their moms on excursions to view the

springtime fertility spectacle. While many residents of the

towns ofInwood, Narcisse, and Chatfield view with fascina-

tion the garter snakes' migrations,

others wish the snakes .lid

gather elsewhere. One summer,

according to local residents, a

young couple built a house over a

rock crevice that they thought

would make a perfect natural cel-

lar. When autumn arrived, so did

a few thousand garter snakes, re-

turning to their traditional winter

den. The couple soon decided

they had better relocate their home to a less snaky location.

Until the early 1 980s, some local collectors scooped up

thousands of the snakes and sold them to pet dealers in the

United States, England, and Germany. Scientists and wild-

life officials became concerned, and in 1988 commercial

collecting was banned, but many snakes were still being

killed in traffic as they crossed a major highway near the

Narcisse dens. Last year the Manitoba Department of Nat-

ural Resources (now the Manitoba Department of Con-

servation) installed a series of

pipes under the road. But how to

get the snakes to use them? Bob

Mason's experiments showed that

if garter snake pheromones were

apphed to the floor of the cul-

verts, the snakes would follow the

chemical trails. The technique is

working: this fall thousands of

garter snakes crossed safely under

the highway.

—

R. M. and R. S.



University of Sydney, specifically to study the she-

males, and our collaborative attack on this puzzle

got under way.

First we attempted to quantify the attractiveness

of individual snakes. Holding various "target"

snakes by the tail, we crouched m the grass near a

den and placed them in front of mate-searching

males. We then recorded the mate-searchers' level

of interest. Responses ranged from ignoring the tar-

get or rapidly flicking the tongue to ahgning the

body with that of the presented snake and trying to

She-mates proved to be attractive

to one another and sometimes

even to themselves.

mate. With this simple method, we were able to

confirm that she-males (which we had extracted

from the center of mating balls) were indeed very

attractive to ordinary males, though a bit less so

than real females. Indeed, the she-males proved to

be attractive to one another and sometimes even to

themselves. (If a she-male accidentally encountered

part of his own body, he might spend quite a bit of

time busily courting himself!)

Next we investigated how she-maleness is pro-

duced. Did she-males obtain their coating of female

pheromones through physical contact with true fe-

males, perhaps by rubbing against them during

In early May,

masses of garter

snakes, left,

pour out of a

rocky den in

Manitoba. Males

may linger near

a den's entrance

for days, waiting

for the later-

emerging

females. Below:

A newly emerged

snake gapes as it

takes in the first

fresh air it has

breathed in

months.

courtship? We soon discovered that

even if we vigorously rubbed a he-

male against a female, he remained un-

attractive to other males. We con-

cluded that when males were attracted

to she-males, they were reacting not to

rubbed-on chemicals but to those nat-

urally produced in the skin.

To learn more about how individ-

ual snakes react to she-males, we set up

several nylon enclosures about three

feet square near a den. We captured a

number of she-males, he-males, and

females, kept them in separate cloth

bags overnight, and placed various

combinations of snakes in the nylon

pens the next day. To our astonishment

(and initial dismay), although a few of

the she-males we had collected the day

before continued to elicit some interest

from ordinary males, most had lost their allure. In

other words, we had found that a she-male could

switch its sexual identity within a twelve-hour pe-

riod. Needing to ascertain that stress wasn't the

cause of our captive snakes' unnatural behavior, we

decided to return to a den to confirm this finding

in free-ranging snakes.

This time we simply collected, measured, and

examined a large sample of she-males and he-males,

looking for characteristics that might give us a clue
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In a swamp,

right, a famished

snake can dine

on frogs after

emerging from a

Long hibernation.

Below: A young

snake, stirring

after its winter

retreat, surveys

the spring

landscape.

to what was going on. Searching through hundreds

of snakes clustered around the entrance to the den,

Rick identified mating groups and examined each

she-male and its ball of suitors. Eventually he spot-

ted a pattern that had escaped prior observation.

Most of the he-males were bright, glossy animals,

but the she-males were often dull and dirty with

grit. Once we recognized this tact, we had to ac-

count for It. The explanation, we thought, might

be that she-maleness was all about the timing of re-

production in relation to hibernation. Perhaps it

was a transitory phase that most—or perhaps all

—

male garter snakes passed through soon after they

emerged from the den.

Indeed, since the same dirt can be seen on most

females when they first reach the surface, the grit

we observed on the she-males suggested that they,

too, had just emerged from underground. And ac-

cording to our measurements, the she-males were

somewhat chubbier than the he-males. This was

consistent with our "recent emergence" hypothe-

sis, since we knew trom studies ot recaptured males

that they rapidly lose weight during their frantic

mate-searching and courtship activities. The hy-

pothesis also fit in with Bob and David's original.

and apparently paradoxical, finding that she-males

tend to have a high testosterone level, since another

recent study had shown that testosterone levels in

male garter snakes are highest at emergence and fall

off rapidly thereafter.

We further tested the idea by marking males as

soon as they emerged. Sure enough, the marked

males were she-males for a day or two and then

rapidly reverted to he-maleness. So part of the

puzzle was solved, but many others remained.

One idea we considered was that hibernation

could weaken the animals and that it might take a

day or two for males to recover their strength and

prepare for the frantic activity of mating. The

huge numbers of emerging snakes allowed us to

test the hypothesis that she-maleness is related to a

recovery period. Indeed, our paint-marked she-

males were weak and lethargic during the first day

or two after emerging but began to move around

actively at about the same time they switched off

their production of female pheromones. We mea-

sured their strength by clipping their tails to a

spring balance and letting them puU against it;

she-males proved to be weaker than same-sized

he-males. We measured their crawling speeds in a

circular arena with a diameter ot twelve feet and a

circumference ringed with empty beer cans. After

placing a snake at the center and prodding it, we
recorded how long each one took to reach the

edge of the circle. Again, the data confirmed the

prediction: she-males moved much more slowly

than he-males.

She-males tried to mate with

females, but they were not very

good at it

If she-males are slow and weak, how good are

they at courtship and mating? Again, we used the

nylon enclosures to explore this question. When
we put a she-male together with a female, it took

him almost twice as long to persuade her to copu-

late as it did for a he-male to mate with a female in

an adjacent pen. Whenever we put she-males and

he-males together and then added a female, it was

almost always one of the he-males that succeeded in

copulating with her. She-inales were indeed pre-

pared to mate with females, but they were not very

good at it, because they had not yet recovered from

their long winter's inactivity.

In spite of all we have learned about these



snakes, we still don't really know why male garter

snakes mimic females when they first emerge

from hibernation. Perhaps such mimicry helps

draw their rivals' attention away from newly

emerged females and buys them time to recover

their full strength. Mimicry would thus both pre-

vent she-males from wasting energy on halt-

hearted attempts to mate and encour-

age other males to expend energy and

sperm on fruitless courtship. In an-

other recent study, we found that she-

males seem to assess their chances of

mating, and if many large and healthy

he-males are vying for the same fe-

male, the she-males do not attempt

vigorous courtship.

The more questions we answer

about these ubiquitous little reptiles,

the more new questions arise. When
one first peers into a Manitoban den

and sees thousands of red-sided garter

snakes writhing around—looking for

aU the world like live spaghetti—their behavior ap-

pears chaotic. But we have come to appreciate that

these animals behave with extraordinary subtlety.

What we have learned about males distracting their

fellows by wearing feminine perfume may be just

the first step toward elucidating one of nature's

more intriguing mating systems. D

i^^-'A
'

Dozens of male

garter snakes

create a mating

ball, left, by

surrounding a

single female

—

or perhaps a she-

male. Two males,

below, try to

align their

bodies with a

chubby she-male

as they compete

to mate with it.
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"The menageries that have existed up to the pre-

sent have always been regarded as institutions of ex-

travagance rather than institutions of utihty." So

wrote Frederic Cuvier in 1804, introducing his

guidebook to the new menagerie of the National

Museum of Natural History in Paris. No one in

France at the time would have doubted his claim.

The royal menagerie at Versailles, established in the

seventeenth century by Louis XIV, had long been

notorious for its wastefiilness, and just prior to the

Revolution, while the French people struggled to

keep themselves from starving, it was alleged that a

dromedary (some said an elephant) at Versailles was

treated to six botdes ofburgundy a day.

What would a truly useful menagerie be like?

This question arose in the early years ot the Revo-

ludon, at the same time that the future of the old

Jardin et Cabinet du Roi (the king's botanical gar-

den and natural history collection) hung in the bal-

ance. Jacques-Henri Bernardin de Saint-Pierre

—

By Richard W.

Burkhardtjr.

hortly after the French Revohition,

a young chemist and naturahst

became the world's first scientific

superintendent of a national, public zoo.

an author, a forerunner of the French romantic

movement, and director of the garden from 1791

to 1793—suggested that a menagerie would allow

one to observe the behavior of living animals, to

acclimatize beneficial species from foreign lands, to

cross domestic races, and to study the afFmities be-

tween humans and animals. It would also serve a

diplomatic function. When the powers of Africa

and Asia made gifts of wild animals to the French

nation (as was their custom), explained Bernardin,

France had to be prepared to receive them prop-

erly. Kilhng the animals, or letting them die, and

then exhibiting their skins or skeletons was obvi-

ously unacceptable. Bernardin therefore proposed

that a new menagerie be established at the Jardin

Frederic Ctmer's

interest in animal

behavior encompassed

small species, such as

the North American

fox squirrel (opposite

page), as well as

large.

des

Plantes (the

politically

expedient

name for the place

now that kings were Frederic Cuvier

out of style).

In June 1793, by decree of the

revolutionary government, the Jardin des

Plantes and the Cabinet d'Histoire NatureUe were

reconstituted as the Museum of Natural Histoiy. Its

structure was democratic, its purposes utiHtarian.

Five months later, a menagerie became part of the

estabhshment—but not as a direct result of Bernar-

din 's earlier suggestions or of initiatives by the mu-

seum's new professor-administrators. During the

Revolution and for decades before it, some people

had made a living by exhibiting exotic animals on

the streets of Paris. On November 3, 1793, the

Paris poHce department, citing pubHc safety, or-

dered that such animals be confiscated and "con-

ducted right away to the Jardin des Plantes." It

came as a complete surprise to the museum's pro-

fessors when the poHce appeared at their gates the

following day escorting a polar bear, a panther, a

civet, a monkey, and the animals' ex-owner, who

demanded to be compensated for his animals (and

hired to care for them). Two days later, the profes-

sors found themselves confronting another polar

bear, two mandrills, two agoutis, a tiger, a vulture,

two eagles, and two more animal proprietors, who,

Uke the first, were retained to care for the animals.

The animals were kept in their cages and sheltered

in an empty carriage house.

Other animals soon arrived in similar fashion,

and the next spring, the four creatures still hving at

the Versailles menagerie—a lion, a dog that was the

Uon's companion, a quagga (a now-extinct relative

of the zebra), and a spiral-horned African antelope

called a bubalis or a cow of Barbary—were also

transferred to Paris. While the antelope died almost

immediately from injuries sustained during the

move, the fraternal relations of the Hon and the dog
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were presented to the public as a moral lesson in

how a ferocious beast could, under the proper cir-

cumstances, come to Hve in harmony with an ani-

mal of another species.

From the beginning, the new menagerie was a

great attraction to the pubHc. For the professor-

administrators ot the museum, however, it was an

ongoing headache. Both the animals and the ani-

mal keepers seemed to need a full-time supervisor.

The worst offender was FeUx Cassal, controversial

guardian of les animaux feroces. Cassal was finally

sacked in 1803 after scheming to have a fellow

worker killed. Simultaneously (though indepen-

dently), the professors agreed to create a new post

Exotic aiiiiiials once

exhibited by their

ou'iicys oil the streets

oj Paris were

confiscated and

bronglit to tlie city's

Jardiii des Plantes.

within the museum hierarchy

—

garde (superinten-

dent) of the menagerie—and chose Frederic Cu-

vier for the position. Then thirty years old, Cuvier

had a minor reputation as a chemist and some ex-

perience as a naturalist. Also (and certainly figuring

significantly in his selection), he was the younger

brother of Georges Cuvier, the museum's famous

professor of comparative anatomy and one of the

most powerful scientists in Napoleonic France. All

at once, Frederic Cuvier found himself occupying

a place that had never before existed in the world

of natural history: scientific superintendent of a na-

tional, pubUc zoo.

Historically, what is particularly interesting

about Cuvier's new post is that it complicated an

ongoing debate among natural historians over who
was best situated to speak authoritatively about the

processes and products of nature. The debate as-

sumed different forms in different contexts, but

mostly it was waged between field naturaUsts on

the one hand and cabinet naturalists, or museum
specialists, on the other. Cabinet naturalists

(Georges Cuvier, for example) maintained that

only by working with collections of preserved

specimens could one systematically compare the

various products of nature and gain a full under-

standing of the similarities and differences among

them. Field naturalists, by contrast, prided them-

selves on their famiharity with Hving animals and

plants studied in the organisms' natural settings.

Frederic Cuvier found himself occupying a post

that with respect to these two camps was neither

fish nor fowl. Unlike a field naturalist, he would be

observing his animals within the confines of a met-

ropolitan zoo; unlike a cabinet naturahst, he would

have the task of caring for and studying animals

that were aHve and kicking—and in some cases

quite dangerous.

Indeed, Cuvier's new job did not promise to be

easy. Now the guardian of more than a hundred

mammals and nearly as many birds, Cuvier had vir-

tually no place to turn for guidance. Who knew

what sorts of shelters creatures fi-om other cUmates

needed to survive in northern Europe? How was

one to feed them and keep them in good health?

As k garde lamented in his 1804 guidebook, "There

is practically no way of responding to these ques-

tions and a hundred others like them. Nothing has

been written, nearly nothing has been seen, every-

thing remains to be done." (He was no doubt exag-

gerating shghtly, but having himself decried the

wasteful royal menageries of the past, he was not



disposed to admit that useful things might have

been learned at such places as Versailles or the

Schonbrunn animal park in Vienna.)

He indeed had much to learn. Thanks to the

efforts of naturalist voyagers, naval officers, colonial

administrators, merchants, and other travelers, ani-

Early problems at the

zoo included animal

keeper Felix Cassal,

right, who was fired

for planning the

murder of one of his

coworkers.

ologists what laboratories were for chemists. In one

of his most optimistic moments, he suggested that

zoo sttidies might one day render field studies un-

necessary. Having learned the general faculties and

dispositions of an animal from studying it in captiv-

ity, he said, the naturahst would be able to deter-

lie fraternal relations of a lion and

its canine companion were presented ^

to the zoo-going public as a moral f

lesson in living together harmoniously.

mals of all shapes and sizes would continue to ar-

rive at the menagerie. From North America came

squirrels and raccoons, bears and bison, eagles and

an elk. From other corners of the globe came

cockatoos, kangaroos, gerbils, jaguars, parrots, pan-

thers, turtledoves, tapirs, mandrills, mongooses,

and more.

Beyond the question of caring for these exotic

creatures was the issue of whether anything ot

value to natural history could be learned by study-

ing animals in captivity-. Many naturalists doubted

it. but Frederic Cuvier, the former student of

chemistry, argued that menageries could be for zo-
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mine "even in advance" how others of its species

would act in their native surroundings.

A number of obstacles stood in the way of the

younger Cuvier's plans, however. For one thing,

the museum was run by its professors, and not only

was Frederic Cuvier not a professor, but his brother

Georges advised him that aspiring to become one

would be inappropriate as long as Georges re-

n his most optimistic moments,

Frederic Cuvier thought that

studying the behavior of captive

animals might renderjieldivork unnecessary.

mained a professor there. Occupying the position

of superintendent, Frederic lacked the authority to

develop and teach a course on his subject. In addi-

tion, he was officially subordinate to Etienne Geof-

froy Saint-Hilaire, the museum's professor of birds

and mammals, with whom his relationship pro-

gressively deteriorated during the 1820s—a casu-

alty of clashes between Geoffroy and the elder Cu-
vier over Geoffi'oy's bold claim that all animals were

built on a single plan.

The living conditions of the animals in the

menagerie also posed problems for Frederic Cu-

vier. The quarters were otten so confining and the

Merchants and other

travelers sent atumals

of all sizes and

shapes to the

menagerie: porcupines

and parrots, tigers

and turtledoves,

gerhils and jaguars.



Undeterred by the problems confronting him,

Cuvier remained optimistic, ambitious even, con-

vinced that the study of hving animals in the

menagerie had much to offer. He beUeved that it

should be possible to study not only such topics as

hybridization and accUmatization but also ques-

tions of development, such as how newborn ani-

mals distinguish objects at a distance. He insisted

that, as products of the brain, the mental phenom-

ena of instinct and intelligence were just as suscep-

tible to experimentation as was the functioning of

daily routines so monotonous that the animals

failed to display the fiall range of their habits or

abihries. Writing of the menagerie s raccoons, for

example, Cuvier acknowledged that to know what

they were fiiUy capable of, "it would be necessary

to see them under other conditions, that is to say

sufficiently firee and under circumstances suffi-

ciently diverse, so their faculties could be in some

measure developed."

Even when one of the animals displayed inter-

esting behavior, keeping it alive long enough to

study it thoroughly was frequently a problem—at

least for Cuvier. The death of a menagerie animal

was rarely perceived as a setback by the museum's

other zoologists, since their work began when they

were presented with creatures that were no longer

living. Deaths at the menagerie were a major

source ofspecimens for the cabinets of comparative

anatomy and natural history. As for births, these

were treasured events; many exotic species dis-

played a reluctance to mate or failed to reproduce

under the conditions of captivity.

Ciwier was impressed

by the tminability of

seals, above right, as

well as by their

behai'ioral rigidity:

accustomed to eating

sole, one animal

starved to death

rather than eat

anything else.

any other organ. Accordingly, he set out to study

the mental capacities of a variety of animals.

Cuvier's first such investigation was of an ani-

mal not actually confined at the zoo. In 1810 he

published an account of a young female orangutan

he had observed for several months in the home of

an attorney who was attempting to nurse the crea-

ture back to health for a naval officer friend (the of-

ficer had brought the animal to Paris as a gift for

the Empress Josephine). What impressed Cuvier

most about the orangutan was her circumspection,

which he beHeved was necessary because "nature

has given the orangutan rather Uttle means of de-

fense." She was said to have exercised considerable

caution when first on board ship, holding tight to

lines and other attachments as the vessel rolled.

Once in Paris, she acted in ways Cuvier interpreted

as signs of intelligent self-defense. "Often she

found herself tired out by the numerous visits she

received; then she hid herself completely under her

blanket and only came out from under it after the

curious had left; she never did that when she was

surrounded by people she knew."

Cuvier also credited the orangutan with the

capacity to generalize. He observed, for instance,

that if she wanted to stay in a tree, she would

shake the branches when soiiicone tried to climb

up and get her. Cuvier concluded that prior ex-

perience had taught her that the fear of falling

would discourage her pursuer. Likewise, when

she moved a chair in order to reach and open a

lock and when she took care to cover herself at

night, Cuvier saw this as her exhibiting, in addi-
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tion to the ability to generalize, "the awareness of

a future need."

As impressed as he was by the orangutan's abiH-

ties, Cuvier took care to state that the ape was

surely "not a man." This was not a matter, he in-

sisted, of any differences between the sense organs

of orangutans and humans. The orangutan, he said,

had "senses as numerous and at least as delicate as

ours." Cuvier maintained that the mental faculties

distinguishing the higher animals from one another

depend on brainpower and, Hkewise, that the brain

/? 1838 Frederic Cuvier died

suddenly, leaving his observations on

animal behavior scattered and the

synthesis he hoped to write unfinished.

One of the rare

and treasured

births in the early

days of the Paris

zoo was that of a

female whitefronted

lemur

is "the principal cause of the intellectual qualities

that distinguish us from the animals."

At the zoo, Cuvier also studied the intelligence

of seals. He was struck both by how readily these

animals could be trained and by the tenacity with

which they clung to the habits they formed: "I was

never able to make the animals I observed eat any

other species of fish than that with which we first

fed them. One never wanted to eat anything but

herrings; another ate only sole. The first even pre-

ferred salted herrings to other fresh species; the

second actually died of hunger because we were

unable to feed him sole owing to the seasonal

storms that temporarily suspended fishing."

To investigate the relative roles of instinct and

intelligence in shaping animal behavior, Cuvier

reared a number of beavers in isolation from others

of their kind. He found that these solitary, untu-

tored individuals still displayed an instinctive ten-

dency to build when provided with willow

branches, straw, and earth. Beaver dams, he de-

cided, are not the result of projects the animals un-

dertake intelligently but instead are merely "the

fruits of an industry that is entirely mechanical."

Cuvier was also eager to compare animals that

had been successfully domesticated with others that

had not. One of his subjects was a male bison sent

to Paris from the United States in 1819. Bison had

been touted as excellent candidates for domestica-

tion in France—infinitely stronger than oxen as

beasts of burden and, when hybridized with cows,

great producers of milk. Cuvier succeeded in mat-

ing a cow with the menagerie's bison, but the en-

suing pregnancy came to a disastrous end. The cow

suffered for eight days before a forced dehvery was

attempted. The calf died in the operation; the cow

died four days later. Cuvier tersely reported the re-

sults to the professors: "The infant resembled en-

tirely a young bison; it has been stuffed."

Hating to see animals suffer, he never attempted

such a mating again. He also decided that bison

were unsuitable as farm animals: every tiine one

turned one's back on the menagerie's bison, it at-

tacked. This and other experiences with many spe-

cies of animals led Cuvier to conclude that herbi-

vores (especially adult males) are not by nature

more gentle than carnivores and that domestication

is possible only in species already instinctively dis-

posed to sociability.

Georges Cuvier died unexpectedly in May
1832 from an illness diagnosed as acute myeUtis,

and his position as professor of comparative



STATEHOOD QUARTERS:
THE MOST IMPORTANT NEW COIN
COLLECTION IN U.S. HISTORY

The United States has started to issue an

unprecedented series of50 coins celebrating the

50 states of the Union. These new coins repre-

sent thefirst change to the quarter-dollar design

since the 1976 Bicentennial.

Authorized by Congress and signed into law by

President Clinton, this is the most ambitious coin

series ever issued by the United States. Every state

in the Union will be honored on a different com-

memorative quarter showing George Washington

on the obverse and a unique statehood design on the

reverse.

The quarters will be issued in the sequence that the

states became part of the Union. Coins for the first

states are already in circulation; they are being

produced by both the Denver and Philadelphia

Mints. The mintage period for each coin is limited

to approximately 10 weeks and every

coin may not be released for

circulation in every state.

Therefore, collectors face

an especially difficult

v^v'TST^^^St challenge putting

together a complete set of these quarters in uncircu-

lated condition.

PRIVATE ISSUE COLLECTOR
PANELS CAN NOW BE RESERVED.

In conjunction with this historic coin series, a

special series of Collector Panels bearing these

magnificent Statehood Quarters will be issued by

PCS (a private agency not affiliated

with the U.S. Mint). One Panel for

each state will feature two uncir-

culated specimens of the

Statehood Quarters: one each

from the Philadelphia and

Denver Mints. The coins will

be protectively encased in the

Panel to preserve their high quali-

ty. An expertly-written narrative

will describe the unique coin

design and history of each state.

Each Collector Panel will also include up to three

mint-condition U.S. stamps honoring the featured

state, or a person or event associated with that state.

(continued on back)

Common design on the

obverse of each coin.

The unique designs

on the reverse of the

IW) statehood

quarters.

NO POSTAGE
NECESSARY
IF MAILED
IN THE

UNITED STATES

BUSINESS REPLY MAIL
FIRST-GLASS MAIL PERMIT NO. 353 NORWALK GT

POSTAGE WILL BE PAID BY ADDRESSEE

STATEHOOD QUARTERS COLLECTION
C/0 POSTAL COMMEMORATIVE SOCIETY

47 RICHARDS AVENUE
PC BOX 575295

NORWALK CT 06860-0134

lllnnllnlMlMll.JLnll 1 1 , , I I . , I . , I , , 1 , 1

1



STATEHOOD QUARTERS: THE MOST IMPORTANT
NEW COIN COLLECTION IN U.S. HISTORY

(continuedfrom front)

These historic stamps — issued up to 60 years ago

and most no longer available from the U.S. Postal

Service— will also be protectively encased. A sce-

nic photo will capture each state's unique beauty or

an historic landmark.

CONVENIENT ACQUISITION PLAN;
DELUXE COLLECTOR'S ALBUM
AT NO ADDITIONAL CHARGE.

The Postal Commemorative Society's Statehood Quar-

ters Collection can be reserved now for just $14.95

per Panel (plus $2 shipping, handhng, and insurance).

Panels will be sent to subscribers timed with the is-

suance of the quarters (approximately one every other

month). Subscriptions may be canceled at any time.

Each subscriber will receive, at no additional charge ,

a deluxe Collector's Album (shown at right) to safe-

ly house and display the entire collection. The album

may be personalized, if desired.

RESERVATION PROCEDURE—
PROMPT ACTION RECOMMENDED.
This historic collection is available for a limited time

only. The uncirculated quarters are in high demand,

and are sure to be hoarded by collectors, much like

the Bicentennial coinage of 1976 which disappeared

from circulation shortly after being issued. When

A Collector's Album is included at no additional charge.

combined with mint-condition U.S. stamps and his-

torical narrative to create beautiful Collector Panels,

they represent an excellent opportunity for children

and adults to learn about the unique cultural and

historical diversity of our 50 states!

Subscriptions will be accepted on a first-come,

first-served basis and can be guaranteed only to

those collectors whose reservations are received

promptly. To avoid disappointment, reservations

should be made now.

SUBSCRIPTION RESERVATION

Statehood Quarters Collection Send no

c/o Postal Commemorative Society money.

47 Richards Ave., P.O. Box 575295

Norwalk,CT 06860-0134

THE UNITED STATES COINAGE TRIBUTE
TO THE FIFTY STATES

Yes! Please enroll me as a subscriber to The United States Coinage Tribute To The

Fifty States as described in this announcement. I understand that I will be billed prior

to my first shipment and that either party may cancel this agreement at any time.

Name_
(Please print clearly)

Address.

City/State/Zip

Allow 4-8 weeks after initial payment for shipment of your first Panel.

ST(3/fiSE/

The first quarters issued in 2000 honor

Massachusetts, Maryland and South Carolina.



anatomy was filled in a matter of days, as was the

museum's custom. Frederic waited respectfully

until the end ofJuly to put forward his own case,

asking for the creation of a new professorship de-

voted to the study of "living animals and their edu-

cation." He oifered the following justification for

his proposal: "Since I have been in charge of the

menagerie, all my researches, all my works, have

been directed principally toward the knowledge of

living animals, toward the means of observing

them, of submitting them to planned experiments

in order to understand the laws of their existence,

as well as the nature of the modifications these laws

can undergo." After five and a half years of institu-

tional infighting, Frederic Cuvier received his

long-awaited chair at the museum in December

1837. Sadly, however, only eight months later, he

suddenly became iU and died. His symptoms were

much like those of the disease that had killed his

brother. On his deathbed, Frederic, accustomed to

H^ing in the shadow of his more famous sibUng, re-

quested that he be identified on his tombstone sim-

ply as "brother of Georges Cuvier."

In the early 1820s Frederic Cuvier had ex-

Opening thirty-five

years after the Paris

zoo, the London zoo

proved eqnally

popular with

members of the

pubhc, inchiding

Charles Darwin.

pressed his intention to write a general work on the

causes of animal actions. Such a work would have

been invaluable, for no other naturalist in the first

half of the nineteenth century studied mammalian

behavior with the same care and breadth that he

did. Unfortunately, at his death, his observations re-

mained scattered and his synthesis unfinished.

Frederic Cuvier's pioneering efforts to establish a

science of animal behavior failed to take hold.

As zoos were set up in other capitals and major

urban centers—such as London (1827), Amster-

dam (1838), and Berlin (1844), to name just a

few—the menagerie in Paris ceased to be the

world's finest collection of living animals. Though

none of these others surpassed the Paris zoo of

Frederic Cuvier's day as a study site (and although

the issue of whether it was better to study animals

in the wild or in captivity remained unresolved),

Cuvier was not the only nineteenth-century zool-

ogist to take an interest in the behavior of zoo ani-

mals. In 1838, only a few weeks after Frederic Cu-

vier's death, Charles Darwin visited the London

zoo and, as he wrote in his notebook, "endeav-

oured to classify the expressions of monkeys." D
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A Conversation With

Alexander F. Skutch
A naturalist who has revealed the private lives of Neotropical birds

For almost three-quarters of a century, nat-

uralist Alexander F. Skutch has studied

the wildlife of Central America, particu-

larly its birds. Of his eighteen books, the

most recent is Harmony and Conflict in

the Living World, illustrated by Dana

Gardner and pubUshed last year by the

University of Oklahoma Press. His auto-

biographical accounts A Naturalist in

Costa Rica (1971) and A Naturalist on

a Tropical Farm (1980) have become

classics. Now ninety-six, the Maryland-

born Skutch lives at Los Cosingos, a 1 78-

acre farm he bought in southern Costa

Rica more than sixty years ago. Skutch,

who prefers the company of wild things to

the hubbub oj the outside world, has not

owned an automobile since his college days

and lives without benefit of electricity or a

telephone in the house he built himself.

Until the 1970s, when a gravity-fed water

line was brought to the house, Skutch re-

lied on a nearby stream for drinking, wash-

ing, and bathing. He grows cor)i, bananas,

yuca, and other crops and prides himself on

being almost entirely self-sufficient. A life-

long vegetarian, Skutch feels strongly about

treading lightly on the Earth. On a warm

afternoon at the start of last year's rainy

season, naturalist and historian Robert

McCracken Peck, a Fellow of the Acad-

emy of Natural Sciences hi Philadelphia,

visited with Skutch, who put aside work

on his latest manuscript (a treatise advocat-

ing "bioconipatibility," or peaceful coexis-

tence between humans and the rest of

Earth's species) to reflect on his long and

remarkably productive life.

RMP: Wlien you first came to the Tropics, it

was as a botanist, not as an ornithologist.

Wliat inspired you to switch your primary

focusfrom plants to birds?

AFS: My first visit to the Tropics was to

Jamaica, where Duncan S. Johnson, my
professor of botany at Johns Hopkins

University, led a party of his graduate

students and friends. To earn my
steamship passage and return, I stayed

and worked on a banana plantation

owned by the United Fruit Company.

There I made a study of the banana

leaf, which became the foundation of

the doctoral dissertation that earned

me my Ph.D. in 1928. Later that year I

went to the fruit company's small re-

search station in western Panama to

continue my studies of the banana



plant. For six months I worked in a

small laboratory amid the bananas. In

front of the wandow where I sat at my
microscope, examining bits ot banana

leaves, a rufous-tailed hummingbird

built her nest and raised her brood. I

found this, and the many other birds

that nested in the garden, so fascinating

that I decided to learn more about

tropical American birds. After my re-

turn to the United States, I delved into

the literature and found that nearly

every species had been collected,

named, and minutely described but

that very htde was known about then-

habits. I concluded that I could do

nothing more important and satisfying

than to learn the intimate details ot

their hves.

RMP: You have written that you ulti-

mately chose to settle in Costa Rica be-

cause of its rich Neotropical birdlife and be-

cause the country has been more peaceful

than its neiglibors. Wliat are the biggest

changes you've noticed during your tenure

in the country?

AFS: The soaring population of Costa

Rica, from less than a miUion when I

arrived in 1935 to more than three

and a half miUion today, has caused

great changes. I was attracted to the

southern Pacific quarter of Costa Rica

by the large expanses of unspoiled for-

est, nearly all ofwhich have since been

destroyed. Fortunately, a very gener-

ous amount of forest countrywide is

now being protected in national parks

and refriges.

RMP: Much of your professional life hasfo-

cused on birds. Wliat do you consider your

most important contribution to ornithology?

AFS: Writing about the life histories

of many tropical birds, whose nesting

and other habits were previously little

known or completely unknown

—

and, in particular, calling attention to

the prevalence of cooperative breed-

ing (helpers at the nest) in birds. My
first paper on the subject, published

in the Auk in 1935, was about three

species of cooperative breeders that I

watched in Guatemala. My second

paper on this, "Helpers Among Birds,"

which appeared in the Condor in

1961, more effectively called atten-

tion to this behavior.

RMP: \Vlw are the naturaUst-writers you

most admire?

AFS: Of all the writers I have read, my
attitude toward nature has been closest

to that ofPlutarch, who beheved in the

integrity of nonhuman creatures.

Charles Darwin, Alfred Russel Wallace,

William H. Hudson, Henry Walter

Bates, Thomas Belt, Frank Chapman,

and David and Barbara Snow—they all

write well and report fresh observations

and/or interpretations.

RMP: Wliat advice would you give to a

young person considering a career in or-

uithology today?

AFS: Learn a little Spanish or Por-

tuguese and go to tropical America to

study the habits of little-known Neo-

tropical birds; treat the birds that you

watch with the respect due to sensi-

tive, feeling creatures; and publish

your findings without the needless ex-

cess of probability estimates that are

making today's ornithological papers

hardly readable. Ornithology should

not be dominated by mathematics,

which IS more appropriate for physics

and astronomy.

RMP: Ifyou had an opportunity to start over

again, would you focus on something else?

AFS: 1 would choose the same career,

certainly in tropical America and prob-

ably in Costa Rica, which has a rich

avifauna and on the whole has treated

me well. I would study the migratory

birds that winter in the Tropics.

Although many of these birds have

been thoroughly studied in North

America and Europe—their "summer-

ing grounds"—their Hves in the Trop-

ics are still very poorly understood.

EXCERPT

Color attracts color, especially in the Tropics. To the bright red blossoms oftheflame-

of-the-forest trees were added the scarlet, orange, yellow, glittering green, deep blue,

and turquoise of the tanagers, orioles, honeycreepers, hummingbirds, and other feath-

ered visitors that probed the trumpet flowers for insects and nectar or hunted through

the foliage for caterpillars and spiders.

What a brilliant display the birds and

flowers made in the bright beams of the

rising sun!

Sometimes, when I stood watching

the birds in one of these trees while the

sun still hung low above the wooded

ridge across the river, aflock ofgreat scar-

let macaws camefrom the east, as though

riding down the level sunbeams. Two by

two they flew, with steady, laborious

wing beats, their long tails streaming like slender pennants behind their heavy bodies,

their scarlet underplumage glowing vividly where touched by the horizontal rays. As

the macaws passed overhead, their raucous shouts made them as objectionable to the

ear as they were pleasing to the eye. Often these flamboyant birds flew directly above

the croivn of a flame-qf-the-forest tree, in a gorgeous display such as one expects of

tropical nature.

1980 byFrom A Naniraliu on a Tropical Farm, by Alc.xaiidi.-r F. Skutch. Copyright
Alexander F. Skutch. Reprinted by permission of the University of California IPress.
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"performance with principles" for over

25 years. 800-767-1729
www.pa.xfund.com.

37. Pequot Museum 3a««»i_«»«»,«,=»«,
The iVe|uot Museum a tribaUy owned
complex, brings to life the Native

American and natural history ofNew
England through extensive permanent
e.xhibits and research libraries. For

information call 1-800-41 1-9671

,

Located between Norwich & Mystic, CT.
Exit 92 off 1 -95 or exit 79A off 1-395.

39. Swan Hellenic Cruises

Ocean and sea crmscs. expedition

and river cruises all with the accent on
discovery. Exotic destinations and
distinguished guest speakers.

40. Swift Instruments

Qualirs' m optics since l')26. Free

brochure displays Swift's complete hue ot

birding and compact binoculars, contains

photographs and detailed descriptions

with binoculars use chart. On the web at

http://www.swift-optics.com.

41. TIAA-CREF

TIAA-CREF is a leading financial

services organization, offering high-

quality, low-cost mutual fiinds, annuities,

IRAs, insurance and trust services.

TIAA-CREF also manages several state-

sponsored college financing programs.

42. Tourism New Brunswick

Walk on the ocean tloor in New
Brunswick, Canada's Bay ot Fundy! For
your free vacation planning kit, visit us

online www.tourismnewbrunswick.ca or

call 1-800-561-0123.

43. Tourism Newfoundland and Labrador

|

Newfoundland and Labrador. We offer

our visitors the natural wonders of

whales, icebergs and seabirds framed by
our dramatic seascape and landscape and
unique culture.

44. Toyota and the Environment

Find out about Toyota's einironmental

breakthroughs, including hybrid

technology, electric vehicles and fuel

cells.

45. West Virginia State Parks

Escape to the mountain at West Virginia
State Parks. Come enjoy scenic splendor,

outdoor adventure, historical sites and
much more. For more information, call

1-800-CALLWVA or visit us at

www.wvparks.com.

46. World Explorer Cruises

Voyages ofAdventure, Leai'iung and

Discovery since 1 978. Visit more ports in

Alaska and spend more time in ports,

featuring voyages tor die heart, mind and soul.
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MUSEUM EVENTS

FEBRUARY 8

Lecture: "The Ecology ot Zebra So-

ciality and Conservation: Different

Stripes for Different Types" ("Earth-

watch at the Museum" series). Daniel

Rubenstein, of Princeton University.

7:00 P.M., Kaufmann Theater.

FEBRUARY 13

Isaac Asimov Memorial Panel Debate:

"The Theory ofEverything." Inaugural

of an annual forum of

celebrated scientists

discussing questions

on the forefront of

scientific discovery.

This year's speakers

are physicists Brian

Greene, Columbia

University; Lisa Ran-

dall, MIT; S. James

Gates, University of

Maryland; Lawrence

Krauss, Case Western

Reserve University;

and 1979 Nobel lau-

reate Sheldon Gla-

show. Harvard Uni-

versity. 7:30 P.M.,

IM7\X Theater.

the team's weekly course and, together

with scientists, solve ethical dilemmas

and investigate actual scientific, cul-

tural, and historical mysteries. Spon-

sored by Classroom Connect in part-

nership with AMNH.

FEBRUARY 24

Identification Day: AMNH stafl'provide

information on the history and classifi-

cation of all materials presented. No ap-

FEBRUARY 17

Lecture: "The 'Juicy'

Earth" ("Water: Earth,

Air, and Fire" series).

Rosamond Kinzler, of

AMNH's National

Center for Science

Literacy, Education,

and Technology, speaks

on the role of water in

the formation of continents and in plate

tectonics. 1:30 RM., Linder Theater.

FEBRUARY 19

Online expedition: MayaQuest 2001,

at w^vw.classroom.com. Students can

join a four-week course exploring an-

cient Mayan civilization and contem-

porary Mayan cultures. Participants set

At the Museum's new Weston Pavilion entrance on Columbus Avenue,

scheduled to open at the end of January, visitors can see a monumental

steel sculpture based on an instrument called an armillary sphere.

Historically, this device enabled astronomers to locate planets and stars at

a given time with respect to Earth. The sculpture features our galaxy,

sectioned into octants—a symbolic guide to future space navigation. The

sphere was conceived by the Museum's Department of Exhibition under the

direction of its vice president David Harvey.

Consolmagno, an astronomer at the

Vatican Observatory, and Dan Davis, a

geoscientist at SUNY Stonybrook.

7:30 P.M., Space Theater, Hayden

Planetarium.

DURING FEBRUARY

"African Diaspora Celebration: Fu-

sions, Faces, and Footprints." During

Black History Month, AMNH pre-

sents free weekend programs on race

and identity, the influ-

i ence ofjazz, and African

American dance tradi-

tions. 1:00-5:00 p.m.,

Leonhardt People Cen-

ter. For information,

can (212) 769-5315.

Online newsletter for

Center for Biodiversity

and Conservation: research

.aninh.org/biodiversity

/webletter.hmii.

Planetarium courses:

"How to Choose a

Telescope," "The Sci-

ence of the Rose Cen-

ter," and many others.

For a complete sched-

ule, caU (212) 769-5100

or visit www.amnh.org

/education/.

Films at the IMAX
Theater: Dolphins (ma-

rine mammals in the

wild, with a soundtrack

by Sting) and Ocean

Oasis (the biodiversity

of the Baja California

peninsula).

praisals. 1:00-4:30 p.m.. Birds of the

World Hall (second floor).

FEBRUARY 26

Lecture: "Turn Left at Orion: One
Hundred Night Sky Objects" ("Dis-

tinguished Authors in Astronomy" se-

ries) . Tour of the night sky—and talk

on some of its mysteries—by Guy

The American Museum of Natural

History is located at Central Park West

and 79th Street in New York City. For

listings of events, exhibitions, and

hours, call (212) 769-5100 or visit the

Museum's Web site at wvrw.amnh.org.

Space Show tickets, retail products,

and Museum memberships are also

available onhne.



EXPLORER GUIDE
Solar Eclipse Safari - 2001
Zimbabwe and Botswana • June 18-29

• Expert Safari Guides and Astronomers-
-Small Group - Very Limited Space-

-Luxury Safari S5995 Incl. Air from US-

Continental Travel and Wildlife Safari

(800) 446-0705 • www.flycapers.com

SWISS ALPS—Day hiking since 1977
Tivo guides per tour allow choice of moder-

ate or strenuous hike daily - Basing weekly

in charming mountain villages

Call for a free color brochiue
1-888-478-4004

www.s^visshiking.com

Charleston's Beach Resorts

if^

Seabrook& Wild Dunes
f_ g -

28-Poge Resort Guides include r,.- l^awah
nauticdl chdrt, mops, golf

packages, bike trails, fishing,

boating, tours of historic

Charleston and more!
^. _-L J*._^
Free 28-Page Color Resort Guides
Kiawah Island 1-800-845-3911 kiawah.com
Seabrook 1-800-845-2233 seabrook.com
Wild Dunes 1-800-346-0606 isle-of-palms.com

/-a =277 • Gieal Beacn v'ocalions • Kiowon islona , SC 29455

k'

Award winning lodge on the Tamshlyacu-Tahuayo
Reserve, shown to have the greatest diversity of

Mammals in all of the Amazon. Since 1981

Tours of the Amazon, Cusco, Machu PIcchu and
Lake TItlcaca as well as original explorations led

by scientists Dr. Paul Beaver and Dr. Peter Lerche.

www.ptfnidiKfos.cofti

^sjJJyJ^^u^^ij

Asia • Africa • Europe
Central & South America

10-28 day tours $1395 to $2995

Includes Land, Air, Hotels, Guides

^ser>

Toll-free: I -877-356-7376 for brochure
www.djoserusa.com

TREASURE ISLAND!

Discover die natural treasures of South

Georgia Island with Zegrahm Expeditions.

8mall groups, expert lecturers,

year-round trax'el to the most

remote places on earth.

,S(H)-(>28-«747

www.zeco.com

discover iTVv

ZZJEEZS]

with

ORAMA
htlp;//uiufw.8Hplorama.com
E-mali: ainazon@eHPlorama.coin

Fax:(51 94) 25 2533 P.O.Box 446

Iquitos - Peru

EUROPE

ROUNDTRIP

HA'f:

Madrid, Rome $250. Hawaii $238.

I

So. America $200. Bangl<al(, Hong

Kong $400 Caribbean $250
Mexico $150 ALL ROUNDTRIP!

1 •800-822-0888x1813

I

AirCeuriererg ">
(303-215-9000) www.oifcoufierorg • www.cheaptrips com

I

Subject lo gvailability, membership, & departure cities.

j^^fegijfiptfgos expedition/ Frbrriifine^ sailitr'^-

i^Wfyi\WesJoy$!^^^Qam\/iW^-, nn- nns

PERU PATAGONIA ANTARCTICA TURKEY

INCA ^^^^""2 '3rd St. Emeryville, CA 94608

Since 1976 510-420-1550 •N2@incal.com • www.incal.com

TUNISIA
One-Of-A-Kina JoumeifS

To A One-Of-A-Kmd Place

• Exclusive Escorted Tours
for Small Groups

• Independent Arrangements

• New "Sahara Adventure" Programs

1'800'742'4591
www.ameliainternational.com

Amelia
4k INTERNATIONAL

Galapagos Islands

galapagosnetwork
ecoventura

800-633-7972

info@galapagosnetwork.com

www, ecoventura.com
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Long Live the

!Kuni
A touchstone for students of humanity's

past, hunter-gatherer societies forge their

own destinies. By Meredith F. Small

When Marjorie Shostak died

in 1996, anthropology lost

two compelling voices

—

Shostak, a keen observer and passionate

writer, and Nisa, whose words and per-

sonality? fiU Shostaks narratives about

the lives of !Kung women. In 1969

Shostak joined a team of Harvard Uni-

versity anthropologists who had begun

a long-term study of the !Kung San

(Bushmen) six years earlier. She spent

twenty months interviewing !Kung

women in the Dobe area of northwest-

ern Botswana, in the northern Kalahari

Desert. Fifty-year-old Nisa, whose sto-

ries seemed to Shostak

"larger and more im-

portant than the details

they comprised," stood

out.

First published in

19S1, Nisa: TIk Life and

Wvds ofa IKiirig Woman

is not just an ethno-

graphic account of a

people but a singular

tale told in Nisa's own
words. The book be-

came a classic, selling

over 200,000 copies. I

doubt there is a single anthropology or

women's studies student in the past two

decades who hasn't been assigned this

book. Now Return to Nisa chronicles

the story of Shostak's month-long visit

to the !Kung in 1989. No standard an-

thropology text, this is a personal mem-

Nisa: The Life and Words

of a !Kung Woman, by Mar-

jorie Shostak (Harvard University

Press, reprint, 2000; $16.95)

Return to Nisa, by Marjorie

Shostak (Harvard University

Press. 2000: S24.95)

The Cambridge Encyclo-

pedia of Hunters and

Gatherers, edited by Richard

B. Lee and Richard Daly (Cam-

bridge University Press, 1999:

$125)

oir, haunted by Shostak's battle

with breast cancer.

"My future had been cast

into deep, threatening shadow;

the present turned in on itself

as my daily experience ac-

quired a brutal, slashing edge," she

writes, referring to her cancer diagnosis

and mastectomy in 1988. Although she

wanted to see Nisa again, she had to

consider the consequences of an ex-

tended separation from her husband

and children (including a two-year-old

who had been weaned early, after

Shostak's cancer was diagnosed). Yet

Africa called in a way

familiar only to those

who have spent time in

the field: "The decision

to go had preceded the

practical, starting with a

need, the need to re-

turn: to see, to taste, to

smell, to experience

again, perhaps even to

heal."

Shostak sets out for

Dobe once more, but

the romantic vision of a

quest soon evaporates.

This time, Nisa's people are more con-

cerned with their own affairs than

with talking to Shostak, and Shostak is

exhausted by illness and travel. Her re-

lationship with Nisa is fuU of ambigu-

ity. "Nisa seems to have so httle coni-

passion, at least for me," Shostak

writes. "She likes me because I have

rewarded her for our work. She has no

idea of what I feel. I don't even think

she likes me in any real sense. I some-

times wonder if I even like her." On
this trip, Shostak is drawn to anything

that might puU the evil from her body.

She hires the healer Kxoma to perform

a ceremonial trance dance and hires

Nisa (also a healer) to perform a drum

dance. For Shostak these are spiritual

moments; for the !Kung they are per-

formances, and everyone wants to be

paid. Here we have fieldwork, warts

and all.

Return to Nisa offers no neat pack-

age of connection and redemption, but

Shostak does tell a compelling tale of

her need to revisit a place and a people

who represented a defining period in

her life. She also looks at the pressures

that are moving the !Kung away from

hunting and gathering: the border war

between Botswana and Namibia that

shces through their ancestral land and

separates families; the scarcity of game;

the acquisition of cows, which requires

a more settled Ufe; and interruptions in

the transmission of skills from the elder

to the younger generations.

Shostak finds that the !Kung re-



spond to these changes with a certain

resilience—a characteristic not only ot

the !Kung but of other peoples like

them, according to Tlie Cambridge En-

q'dopedia of Hunters and Gatherers. In

\\-hat has proved to be the most suc-

cesshil pattern of adaptation in human

histors', people have hunted and gath-

ered for miEions of years, turning to

sedentary agriculture only 12,000

years ago and to industrialization (with

its disconnection from the land) a mere

200 years ago. Indeed, the globe is

dotted wdth groups that still partly rely

on foraging.

The encyclopedia's eighty-eight

contributors present the history, eco-

logical setting, economy, political orga-

nizarion, social organization, spiritual-

it); and current status ofmore than fifty

socieries from seven geographical areas.

Described as generally egalitarian, co-

operative, and on the move, these

Marjorie Shostak and Nisa in 1989

people readily spht into small groups or

temporarily gather together as circum-

stances demand. They still forage in

forests, across savannas, and on ice

paclcs but also utilize the goods and ser-

vices of sedentary neighbors, incorpo-

rating modern food and tools into the

hunting and gathering life.

All, of course, have been affected

by the pressures of colonization, the

loss of land, and political strife. Re-

markably, many groups have recently

banded together to preserve their way

of life. "Far from being simply the

cast-offs of creation or victims of his-

tory, the foraging peoples have be-

come political actors in their own
right, mounting land claims cases,

participating in the environmental

movement, and lobbying for their

rights with governments and the

UN," write editors Richard B. Lee, a

University of Toronto anthropologist

who was part of the first team to

study the !Kung, and Richard Daly,

an anthropologist who works on abo-

riginal rights cases in British Colum-

bia. Such a political voice might

allow these groups to survive in the

modern, electronically intercon-

nected world—and to survive in the

^ way they choose.

S Historically, West-

I erners have either

I vOified hunters and

s gatherers as savages

S or they have wor-

s shiped them as liv-

ing testimonies of

ancient and more

"natural" modes of

existence. Anthro-

pologists have al-

ways been inter-

ested in them as

windows to our

past. But as Nisa,

Return to Nisa, and

Tlie Cambridge Ency-

clopedia ofHunters and Gatherers demon-

strate, these people are not museum
specimens but members ofdynamic so-

cieties, both connected to the past and

moving forward.

Meredith F Small is a writer and a professor

of anthropohigy at Cornell University.

ENVIRONMENTAL EDUCATION
AT COLUMBIA UNIVERSITY

^...iMiES- • -Mr -

Are you

mm about

Conservation?
Study Consewation Biology

with the experts at CERC!

The Center for

Environmental Research

and Conservation

Offers

Master of Arts Degree in

Conservation Biology

Academic and professional

tracks available

^ Course work in science

and policy

Certificate in

Conservation Biology

Flexible evening schedule

^ Diverse course offerings

^ Ideal for working professionals

Both programs are taught by

experts in the natural and social

sciences from Columbia University,

American Museum of Natural

History, The New York Botanical

Garden, Wildlife Conservation

Society, and WUdlife Trust.

Call for more information or

to request application materials

212.854.8179

www.cerc.columbia.edu
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Glowing Dinos

By Robert Anderson

Organisms that produce their own Hght

are predominantly a marine phenome-

non. Terrestrial bioluminescence is a

rarity HiTiited to a few insects (such as

fireflies) and to certain earthworms and

fungi. The reason tor this disparity is

simple, according to the Biolumines-

ence Web Page (lifesci.ucsb.edu/~

biolum/), maintained at the University

of California, Santa Barbara: the glow

that animals generate themselves is the

only source of light in the deep ocean,

our planet's largest habitat.

Biologists can exchange new re-

search findings at this site, but there's

also plenty for the layperson. It explains

m simple terms how organisms mix

molecules called luciferins with lucifera-

ses to produce Ught. We are cautioned

against confusing bioluminescence with

fluorescence and

phosphorescence. A
gallery of glowing

marine creatures re-

veals the beauty and

wide range of spe-

cies that iHuininate

the oceans. Certain

squids adjust the

color of their lumi-

nescence to match

moonlight or sunlight; like fireflies,

certain crustaceans send coded light

messages at mating time; and the black

dragonfish, a deep-sea dweller, has

evolved its own "night vision" equip-

ment. Most creatures emit a bluish

green glow, but this dragonfish can

shine red light on its prey that is visible

to Its eyes alone.

The highlight of the site, however,

has to be the section on how to grow

your own dinos, or

dinoflageUates. (On

the main page, cHck

on "Organisms" and

then on "Dinoflagel-

lates.") These single-

celled organisms,

which swim free

as plankton, are by

far the most com-

mon biolumines-

cent creatures on the planet. The section

also suggests a number of experiments

you can perform with your jar of blue-

flashing dinos.

Robert Andersoti is afreelance science writer

living in Los Angeles.



BOOKSHELF

Nature Out of Place: Biological Inva-

sions in the Global Age, by Jason Van

Driesclie ami Rcy laii Driesche (Island Press,

2000: S29.95)

Tinkering With Eden: A Natural His-

tory of Exotics in America, by Kim

Todd (Ii: Ii: Xorwii, 2001: S27.95)

Invasive Species in a Changing

World, edited by Harold A. Mooney and

RichardJ. Hobbs (bland Press, 2000; $55)

Virtually no place on Earth remains

isolated from migrant faunal, floral, or

microbial species. Three books zero in

on the ecological problems, dangers,

costs, and even benefits associated with

such bioinvasions.

The Living Wild, by An Wolfe: edited by

MiclielleA. Gilders (Wddlands Press, 2000; $55)

Wildlife photographer Wolfe's striking

portraits of 140 species of animals and

their habitats are accompanied by essays

written by scientists and conservation-

ists William Conway, Richard

Dawkins, Jane Goodall, John C.

SawhiU, and George B. Schaller.

Reaping the Wind: How Mechanical

Wizards, Visionaries, and Profiteers

Helped Shape Our Energy Future, by

Peter Asmus (Ishwd Press, 2000; $24.95)

"The winds blowing on just 6 percent

of the windiest land sites in the United

States (excluding Hawaii and Alaska)

could supply one and one-half times

the entire nation's electricity needs,"

writes journahst Asmus in his account

of the stormy history of attempts to

create U.S. markets for wind power.

Beneath Our Feet: The Rocks of

Planet Earth, by Ron Vemon (Cambridge

University Press, 2000; $29.95)

The surface of our planet is a mass of

vividly patterned inorganic chemical

compounds that are aggregated into

solids vidth names such as olivine, gab-

bro, basalt, and breccia. Here is a

guidebook to that glittering ground.

No Man's Garden: Thoreau and a New
Vision for Civilization and Nature, by

Darnel B. Botkin (Island Press, 2000; $24.95)

Ecologist Botkin meditates on how
Thoreau's approach to knowledge can

help us not only make thoughtful con-

tact with the natural world but also deal

with revolutionary developments in bi-

ology and computer science.

Half a Brain Is Enough: The Story of

Nico, by Antonio M. Battro (Cambridge Uni-

versity Press, 2001; $19.95)

A neuroscientist tells the story of the

successful "sculpting" of three-year-old

Nico's brain following radical surgery

to cure severe epilepsy.

The books mentioned are usually

available in the Museum Shop or

through the Museum's Web site, www.
amnh.org.
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The Beginnini

of Science
Reports that physicists are nearing thefinalfrontier

of knowledge have been greatly exaggerated.

By Neil de Grasse Tyson

The success ofknown physical laws at

explaining the world around us has

consistently bred some confident and

even cocky attitudes toward the state

of human knowledge. Even Nobel

laureates and other esteemed scien-

tists have embarrassed themselves by

proclaiming that the end of science

was near.

The distinguished astronomer Si-

mon Newcomb, one of the founders

of the American Astronomical Society,

noted in 1888, "We are probably near-

ing the limit ot all we can know about

astronomy." Another famous end-of-

science prediction was delivered in

1894, in a speech given by the future

NobeUst Albert A. Michelson at the

dedication of the University of Chi-

cago's Ryerson Physical Laboratory:

Tlie more importantfundamental laws

andfacts oj physical science have all

been discovered, and these are noiv so

firmly established that the possibility of

their ever being supplanted in

consequence ofnew discoveries is

exceedingly remote. . . . Ourfuture

discoveries must be looked for in the

sixth place of decimals.

Even the great physicist William

Thomson—aka Lord Kelvin, father ot

the branch of physics called thermody-

namics—fell victim to his own confi-

dence in 1900 with the claim "There

is nothing new to be discovered in

physics now. All that remains is more

and more precise measurement." His

comments were expressed at a time

when the so-called luminiferous ether

was still the presumed medium in

which light traveled through space,

and when the slight difference be-



m'een the obsen'ed and the predicted

paths ofMercuiy around the Sun was a

real and unsolved problem. But a cen-

tury ago such details were considered

minor, requiring for their resolution

perhaps only sUght adjustments to rec-

ognized physical laws. Indeed, Lord

Kelvin referred to problems such as

these as '"small clouds on the horizon."

In a 1924 lecture, the physicist Max
Planck reflected on advice given to

him as a smdent in 1 874:

Ulieii I began my physical studies

and sought advice from my venerable

teacher Phihpp von Jolly . . . he

portrayed to me physics as a highly

developed, almostfully matured

science. . . . Possibly in one or another

nook there would perhaps be a dust

particle or a small bubble

to be examined and classified, hut the

system as a whole stood there fairly

secured, and theoretical physics

approached visibly that degree of

pefection which, for example,

geometry has had alreadyfor centuries.

Planck, who sowed the first seeds

of the quantum revolution, initially

had no reason to doubt his teacher's

views. But in 1900, when the classical

understanding of how matter radiates

energy could not be reconciled with

experimental evidence, Planck became

a reluctant revolutionary by suggesting

the existence of the quantum, an indi-

visible unit of energy. His suggestion

heralded a new era of physics: the next

thirt}' years would see the formulation

of the theories of relativity and quan-

tum mechanics and the recognition

that we live in an expanding universe.

With so many of his predecessors

having proved myopic, you'd think

that the brilliant and prolific physicist

Richard Feynman would have known

better. But in his 1 965 book Tlie Char-

acter of Physical Law, he declares,

We arc very lucky lo be living in an

age in which we are still making

discoveries. . . . Tlie age hi which we

live is the age hi which we are

discovering thefundamental laws of

nature, and that day will never come

again. It is very exciting, it is

marvelous, but this excitement will

have to go.

I claim no special knowledge of

when and where the end of science

might come or whether an end exists

at all. What I do know is that our spe-

cies is dumber than we normally admit

to ourselves. This limitation of our

mental faculties—but not necessarily

of science itself—makes clear to me
that we have only just begun to figure

out the universe.

Let's assume that human beings

are the smartest species now living

on Earth. Let's further assume, for

the sake of discussion, that our ca-

pacity to do abstract mathematics

makes us the only smart species ever

to have lived.

What are the chances that this first

and only smart species in the history

of Hfe on Earth has enough smarts to

understand all there is to know about

the universe? Chimpanzees are an

evolutionary hair's-width fi-om us, yet

I thmk we can agree that no amount

of tutelage wiU ever leave a chimp flu-

ent in trigonometry. Now imagine a

species on Earth, or anywhere else,

that is as smart compared with humans

as humans are compared with chimps.

How much of the universe might its

average (let alone its cleverest) mem-
bers figure out?

Tic-tac-toe fans know that the

game's rules are simple enough to

allow you to win or tie every time—if

you know which opening moves to

make. But young children play the

game feeling that the outcome is re-

mote and unknowable. The rules of

engagement for chess are also clear and

simple, but the challenge of predicting

your opponent's upcoming sequence

of moves grows exponentially by mid-

game. With this level of complexity,
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most smart and talented adults fmd

chess quite challenging and play it as

though the end were a mystery. So, is

the universe to us a game of tic-tac-toe

or a game of chess?

Let's consider Isaac Newton, who

leads my list of the smartest people

who ever lived. (I am not alone here.

An inscription on a bust of Newton

at Trinity College in Cambridge,

England, proclaims "Qui genus hu-

matium ingenio superavit," which

loosely translates from Latin as "Of all

humans, there is no greater intel-

lect.") How did Newton regard his

own brilliance?

/ do not know what I appear to the

world; but to myselfI seem to have

been only like a boy playing on a

seashore, and diverting myself in now

and then finding a smoother pebble or

a prettier shell than ordinary, whilst

the great ocean of truth lay

undiscovered before me.

The game that is our universe has

revealed some of its rules, but much

of the cosmos still behaves mysteri-

ously—perhaps abiding by regula-

tions not yet deduced or perhaps

chemistry of molecules here on Earth.

No new laws necessary.

But let's peek at the underbelly of

modern astrophysics and expose our

contemporary ignorance by pointing

to a few unsolved problems—the solu-

tions to which, for all we know, await

the discovery of entirely new branches

of physics.

Newton's laws of motion and grav-

ity looked good for 200 years, until

they needed to be modified by Ein-

stein's theories of motion and grav-

ity—the relativity theories. Relativity

now reigns supreme. Quantum me-

chanics, the description of the atomic

and nuclear universe, also reigns

supreme—except that in its present

form, it cannot be reconciled with

Einstein's theory of gravity. Both theo-

ries predict different phenomena for

the domain in which they overlap.

Something's got to give.

Either there's a part missing from

Einstein's gravity that would enable it

to accept the tenets of quantum me-

chanics, or there's a part missing from

quantum mechanics that would enable

it to accept Einstein's gravity. Or maybe

there's a third option: a larger, inclu-

sive theory that supplants them both.

Let's peek at the underbelly ofmodem
astrophysics and expose our contemporary

ignorance by pointing to aJew unsolved problems.

awaiting a clever appUcation of the

laws we already know.

The distinction between the

knowledge of objects and phenomena

and the knowledge of the laws that

control them is central to any percep-

tion that science might be coming to

an end. The discovery of life on the

planet Mars or beneath the floating ice

sheets ofJupiter's moon Europa would

be the greatest news story yet. You can

bet, however, that the physics and

chemistry of molecules found there

would be the same as the physics and

Indeed, string theory has been in-

vented and called upon to do just that.

It attempts to reduce all matter, all en-

ergy, and all their interactions to the

existence of higher-dimensional vi-

brating strings of energy. String theory

holds that different modes of vibration

reveal themselves in our measly four

dimensions of space and time as differ-

ent particles and forces. Although

string theory has had its adherents for

more than twenty years, its claims

continue to lie beyond our current ca-

pacity to verify by experiment. Skep-



cicisni is rampant, but many scientists

remain hopeflil.

Let's continue to probe our igno-

rance. While our confidence in the

big-bang description of the origin of

the universe is very great, we can

only speculate what lies beyond our

cosmic horizon, 13 billion light years

away. We can only guess what hap-

pened before the big bang or why
there should have been a big bang in

the first place.

Want some more ignorance?

We have computer models that can

account tor the formation of galaxies

in the early universe. But those same

models tail when we use them to ac-

count tor today's large-scale cosmic

structures. A coherent description of

the formation and evolution of galax-

ies continues to elude us. We seem to

be missing some important pieces of

the puzzle.

We still don't know what kind of

chemistry enabled inanimate matter to

assemble into Ufe as we know it. Is

there some mechanism or law of

chemical self-organization that escapes

our awareness? We have nothing with

which to compare our Earth-based

biology, and thus we cannot evaluate

what is essential and what is irrelevant

to the formation of life.

Ever since Edwin Hubble 's seminal

work during the 1920s, we've been

aware that the universe is expanding.

But we've only just learned that the

universe is also accelerating, due to

some antigravity pressure we call dark

energy. No known physical process can

account for this pressure.

And at the end of the day, no mat-

ter how confident we are in our ob-

servations, our experiments, or our

theories, we must acknowledge that

90 percent of the gravity in the cos-

mos comes from some unknown,

mysterious source whose identity

eludes every means we have ever de-

vised to observe the universe. As far as

we can tell, it's not made of ordinary

stuff such as electrons, protons, and

neutrons or ot any form of matter or

energy that interacts with them. We
call this otfending substance dark mat-

ter, and it remains the greatest enigma

of modern astrophysics.

Does any of this sound like the end

of science? Does any of this sound hke

we are on top of the situation? Does

any of this sound like it's time to con-

gratulate ourselves? To me it sounds

Uke we're all stupid, helpless idiots, no

different ti-om our kissing cousins, the

chimpanzees, trying to learn the

Pythagorean theorem.

Maybe I'm being a little hard on

Homo sapiens. Perhaps the question

should not be how smart an individ-

ual of a species is but how smart our

collective brainpower makes us.

Among humans, discoveries made by

some are routinely shared with oth-

ers through conferences, journals,

books, the broadcast media, and, of

course, the Internet. While natural

selection drives Darwinian evolu-

tion, the growth of human culture is

largely Lamarckian: new generations

of humans inherit the acquired dis-

coveries of generations past, enabling

cosmic insight to grow slowly, but

without limit.

With our unique capacity to stock-

pile and communicate knowledge, we
continually transcend our own intel-

lectual limits. Each discovery of sci-

ence adds a rung to a ladder of knowl-

edge whose beginning is in plain view

but whose end is not in sight—we are

building the ladder as we go along. By
any measure of the ladder's height, we
are closer to the beginning of science

than to its end.

Neil de Grasse Tyson, an astrophysicist,

is the Frederick P. Rose Director of the

Hayden Planetarium at the American

Museum of Natural History and is also

a visiting research scientist at Princeton

University. His memoir, The Sky Is

Not the Limit: Adventures of an

Urban Astrophysicist, was published

last year by Doubleday.
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THE NATURAL MOMENT

ea Bear
Polar bears are seagoing hunters that roam vast areas of the

'

Arctic/pursuing a movable feast of seals, narwhals, -beluga

whales, and walruses. Individuals may range over 116,000^^

square miles. As the pack ice breaks up during the summer

months, many bears head for land, returning to the sea when ,„

it freezes again in October and Novem^b^r.,

Although it evqlvfd from land-dwelling brown bears only

300^000 years ago, |he white bear is superbly adapted to life

on the frozen sea. In winter, when the ice is solid, polar bears*

may hunt by locating holes inihe ice at which sea mamrtftls

breathe. When they surface, seals and whales leave a scent in

the air that polar bears can detect from a distance of several

miles downwind. In spjing, the seals' breeding season, niother

seals and their pups take refuge in agloos— little snow lajs ^
atop the sea ice. "Bears po.unce on these refuges, J<illing or

stunning the pups and occasionally the adults. .^

.-'This photograph was taken on the northern tip of Baffin,

Island, near a long crack in the sea ice where^photographer

Paul Nicklen and his Inuit gLiide..had set up camp to wait out

a storm. As he strolled along the crack about a mile from his

base,' Nicklen suddenly spotted the bear walking, in the

direction of the camp—perhaps drawn by .the aroma of some

seal meat that was stored there. After a few minutes, the'

.animal s|ipped into,the water to makg a more stealthy

^.approach to the larder. Nicklen raced ahead to the. tent, .

grabbed his camera, and returned to the water's edg'e to wait

'

for the bear to emerge. As it surfaced-right in front oi Nicklen,

his guide became alarmed and ran' over to drive off the

animal,. Unperturbed, Nicklen clicked away, enjoying a moment

of quiet communion with the bear as it took'in the situation,

reconsidered its intentions, shook off some water, and

submerged aq^^n.-^Richard Milner * -<>-



Photograph by Paul Nicklen
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Insect From the Underground
B\/ Alan Burdick

In Tlie Time Machine, published in 1895, H.G. Wells envi-

sions a human race divided. Aboveground, in a city of day-

light, live the Eloi, while the bloodthirsty Morlocks toil in

tunnels far below the ground. A century later, two real-Hte

British geneticists have discovered an entomological ana-

logue: a mosquito that is closely related to the one inhabiting

the daytime streets of London but that hves exclusively in the

tunnels of the London Underground. Unlike their upstairs

brethren, which bite only birds, members of this subter-

ranean race show a distinct affinity for human blood.

"They're quite voracious biters," says Richard Nichols, of

Queen Mary and Westfield CoUege at the University of Lon-

don. "It's not that any one bite is all that bad, it's just that they

all seem to want to get a bit ofyou."

The subterranean mosquitoes have been known for many

decades; during World War II, Lon-

doners who sought belowground

shelter from the Blitz found them-

selves assaulted by the insects. Biolo-

gists named the attackers Ciilex iiw-

lestus, presuming that they belonged

to a species distinct from the above-

ground C. pipiens. But until Nichols

came along, the genetics had never

been sorted out. He decided to un-

ravel the mystery.

The research legwork fell to Nichols's then-doctoral stu-

dent Katherine Byrne, now a geneticist at the Institute of

Zoology in London. After midnight, when the trains had

shut down, Byrne followed maintenance workers into the

subway's bustling underworld, where she soon discovered an

ideal environment for mosquitoes. "The temperature is

warm and virtually constant," Byrne says. "There's no rain,

no snow: it's great for a year-round life cycle." The polluted

pools of water, ranging from "pretty nasty" to "hideous," are

prime mosquito-breeding sites. As with all mosquitoes, only

the females—the egg layers—seek out blood, feeding on rats

and pinstriped rat-racers aUke. The males get by on what

Byrne calls soluble nutrition: decaying rubbish, perspired

salts, bits of hair, and "fluff," a thin haze of flakeci-off human

skin so pervasive in the Underground that specialized work-

ers ("defluffers") must regularly clean it from the train's con-

duction rail.

By night, Byrne scavenged grim subterranean puddles for

mosquito larvae. By day, she lurked aboveground in tony gar-

dens and backyards, collecting specimens from water-fiUed

buckets and beery vats of compost. Taking her larval cap-

tives—C. pipiens from upstairs and C. nwlestns from down-

stairs—she returned to the lab to raise them.

As adults, Byrne's subjects proved fascinating. Although

the two varieties look identical, their habits differ sharply.

C. pipiens hibernates in winter; C nwlestns breeds year-round

in the warm subway, but it cannot survive the cold. C. pipiens

must swarm in the open before mating, whereas C. nwlestns

thrives in confined spaces. When Byrne crossbred the two

varieties, none produced viable eggs—suggesting that C nw-

lestns is reproductively isolated, the traditional signature of a

new species. (Given the great differences in their behavior,

Byrne notes, C, pipiens and C. moles-

tns probably rarely meet or mate "in

the wild.")

Analyzing the DNA, Byrne and

Nichols found that different colonies

of the underground mosquitoes are

more genetically similar to one an-

other than to their aboveground

brethren. A specimen of C. nwlestns

discovered at Euston, on the Victo-

ria hne, is more closely related to a

specimen found at Finsbuiy Park, miles away on the same

Hne, than it is to a visibly identical specimen of C. pipiens cap-

tured just upstairs at Euston. In short, subterranean sites are

being established by other underground mosquitoes, not by

mosquitoes from above. How do the mosquitoes spread

through the Underground? "We think that the trains act as

pistons, pushing cushions of air"—and mosquitoes
—

"ahead

of them," Nichols says.

And the insects continue to evolve. Byrne and Nichols

have identified three genetically distinct subvarieties of

C. niolestns, each one unique to a different subway line: Vic-

toria, Bakerloo, and Central. The other hues of the Under-

ground probably harbor subvarieties of their own, Byrne

adds, "and I'm sure they exist in sewers, though I've not

been to look."

Alan Bnrdick is a writer/prodncerforAMNH's Science Bulletins.



vsfvsfv^.amnh.org

Kj0 "i»«*

4. J

What better way to warm the hearts of your loved ones thaiTwIt

thoughtful, distinctive gifts from the American Museum of Natural

History's online Museum Shop. Museum gifts stir the imagination,

spark the spirit of adventure, and delight the senses. Your purchase

also provides another thoughtful gift—support for the Museum.

So when you think of those special people on Valentine's Day—

or any day—think wrvnv.amnh.org.

American Museum o Natural History ^^
©2001 American Musoum of Noturol Hiilory

..:-. ^<.''\:-^rf^fff^.: -.^.i.



^^ American Museum Ci

EXPLORE THE WORLD
Discovery Tours

FEBRUARY 2001

Timbuktu and the Rivers of West

Africa: Mali, Senegal, iiiui The Gambia

AhoarJ the Harmony
February 4- 17,2001

$5,595 - $6,495

Mexico: Mayan Ruins and Excjuisite

Haciendas

February 9 -21, 2001

$5,690

Indochina Unveiled: Laos, Vietnam,

and Cambodia

February 1 6 - March 4,2001

$7,280**

Big Cats of the Serengeti:

Biodiversity and the Role of Carnivores in

Ecosystems

February 19 - March 4, 2001

$8,190

Inside Saudi Arabia: Interpretincj the

Islamic World

February 22 - March 8, 2001

$7,850**

The Amazon: Discovering its Natural

Wonders Aboard La Amatista

February 24 - March 4,

March 3- 11, March 10- 18,

March 17 - 25, March 24 - April 1, 2001

$3,198**

MARCH 2001

The Lost Islands of Tahiti: Exfiloriti^

French Polynesia Aboard the Paul Gauguin

March 1 - 11,2001

$5,340 - $9,760

Cuba: hnaije and Reality

March 5- 15,2001

$4,815

Belize & Tikal: Rainjorests, Reefs, and

Ruins

March 9- 18,2001

$3,450**

Exploring Southeast Asia. Thailand,

Cambodia, Malaysia, Sincjapore, and

Hong Kong

March 16-31,2001

$6,690 - $7,490**

Indian Ocean Odyssey: South Africa,

Madagascar, and tk Seychelles Aboard

the Hanseatic

March 17 - April 4, 2001

$9,975 - $17,475

Egypt and the Nile: Aboard the M.S.

Nile Sovereign

April 22 -May 6, 2001

$5,780

Sicily: Crossroads of Mediterranean

Civilizations Aboard the Harmony
April 25 - May 5, 2001

$5,395 - $6,895

Springtime in Japan: Exploring

Temples, Gardetis, and Traditional Cultures

Aboard (be Clipper Odyssey

May 7 -21, 2001

$7,990 - $11,690

Classical Greece & The Parthenon

Sculptures

May 8 - 19, 2001

$5,490

Historic Cities of the Sea: Greece,

Sicily, Sardinia, Malta. Tunisia, and Spain

Aboard the Clelia 11

May 9 -20, 2001

$6,695 - $12,595

Africa's Wilderness by Rovos Rail:

South Africa, Zimbabwe, Botswana, and

Namibia

May 16-30, 2001

$8,495

JUNE 2001

Madagascar: Witnessing the Tolal Solar

Eclipse

June 8 - 24, 2001

$6,295

Fire & Ice I: The Kuril Islands and

Kamchatka Peninsula Aboard the Clipper

Odyssey

June 18-30, 2001

$6,490 - $10,690

National Parks of the West Private

Jet Expedition: Mt. Rushmore, Grand

Teton, Yellowstone, Glacier National Park,

Columbia River Gorge & Mt. Hood, Grand

Canyon, Biyce Canyon, Zion National

Park, and Mesa Verde

June 18 - 30, 2001

$16,950

China for Families: Beijing, Xi'an,

Yangtze River, and Shanghai

June 19 -July 3, 2001

$5,990 - $6,390**

North America's Great Lakes: From

Chicago to Toronto Aboard Le Levant

June 24 -July 2, 2001

$3,890 - $5,390

Fire 8i Ice II: Kamchatka Peninsula

and the Aleutian Islands Aboard

the Clipper Odyssey

June 28 -July 11,2001

$7,990 - $12,690

Wildlife of the Galapagos Islands:

A Family Adventure Aboard tfcc

Santa Cruz

June30-July 10, 2001

$3,280 - $5,790

JULY 2001

Family Dinosaur Discovery: In the

Grand Valley of the Colorado River

July 7- 13,2001

$1,745 - $2,650

Inside Iceland: Discovering Vikings

and Volcanoes

July 9- 18,2001

$4,275

Exploring the Natural Wonders of

Ireland: A Family Program

July 11 -19, 2001

$2,270 - $2,990**

Voyage to the North Pole: Aboard

tfce Yamal

July 18 -August 1,2001

$17,950 - $23,950

Voyage to the Lands of Gods and

Heroes: A Family Journey to the Ancien

Mediterranean Aboard tfce Clelia 11

July 23 - August 4, 2001

$3,745 - $10,645

AMERICAN MUSEUM OF NATURAL HISTORY/DISCOVERY TOURS
Visit our website at www.discoverytours.org

Price based on double occupancy. Single rates available on all tours.

All prices, dates, and itineraries are subject to change.

* Includes overseas airfare fi-o

selected cities.
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OK A DISCOVERY TOUR
2001 Programs
Arctic Odyssey: Exploring the

Labrador Sea & Hudson Bay Ahonni

Le Levant

August!- 14, 2001

$5,995 - $8,995

Exploring Atlantic Canada:

Biiy of Funity mii! Noi'<i Scotia

August 7 - 14. 2001

S2,045

Tuscany: A Summer Fivuily Aivaitiire

August 10- 18, 2001

$3,750 - $5,290

Family Alaska Expedition: Ahooril

the Wilderness Adventurer

August 14-21,2001

$2,790 - $4,890

Undiscovered Greece: Hiddett

Islmids, Villaijes, miii Ancient Sites Aboard

the Callisto

August 16-25, 2001

$4,295 - $5,595

Family Dinosaur Discovery: In ffcf

Grand Valley of the Colorado River

August 18-24, 2001

$1,745 - $2,650

The Outer Islands of Britain and
Ireland: Aboard the Song of Flower

August 21 - September 2, 2001

$5,995 - $11,495

China & The Yangtze River: Beijinij,

Xian, Yangtze Riper, Guilin, and Shanijhat

August 28 - September 13, 2001

$6,790 - $7,390**

The Elbe River: A Journeyfrom

Prague to Berlin Aboard the

Katharina Von Bora

August 29 - September 11, 2001

$5,790 - $6,390

In Search of the Source of the

Nile: From London to Zanzibar,

Tanzania, Uganda, and Khartoum

September 4 - 23, 2001

$12,980

Along the Ancient Coast of

Turkey: Aboard the Panorama
September 21 - October 3, 2001

$4,095 - $4,995

The Ancient Silk Road: A Journey

Through China and Central Asia

September 21 - October 13, 2001

$8,990 - $13,950

OCTOBER 2001

Himalayan Kingdoms: Tibet, Nepal,

and Bhutan

October 1-21,2001

$7,880

Exploring Egypt & Jordan by
Private Plane

October 2 -18, 2001

$5,990

Ethiopia: The Heart of African Civilization

Octobers- 17,2001

$5,420

Papua New Guinea: Journey to the

List Unknown

October 6 -20, 2001

$6,880 - $7,480

Bhutan & Northern India: Aboard the

Royal Orient

October 8 -26, 2001

$7,950

Iran: Persian Treasures

October 12-26, 2001

$5,495

The History of Food & Wine by
Private Jet: France, Morocco, Portugal,

Italy, Turkey, Russia

October 22 - November 4, 2001

$25,950

Great Temples of Southeast Asia:

Thailand, Cambodia, Malaysia, and

Indonesia Aboard the Clipper Odyssey
October 22 - November 10, 2001

$8,400 - $11,360**

Sailing the Tyrrhenian Sea: Rome,

Elba, Corsica, Capri, Salerno, Upari, and

Catania Aboard the Sea Cloud
October 26 - November 7, 2001

$6,270 - $10,620

Lost Cities by Private Jet: Petra,

Muscat, Umsa, Kathmandu, Vientiane,

Luang Prabang, Angkor, Ulaanbaatar,

and Samarkand

October 31 - November 20, 2001

$32,950

Belize & Tikal: Rainforest, Reefs, and

Rums
November 2 - 11, 2001

$3,450**

Patagonia: Torres Del Paine and Tierra

Del Fuego Aboard the Terra Australis

November 5- 16, 2001

$4,975 - $6,975

Coastal Treasures of the

Arabian Gulf: Dubai, Qatar,

Bahrain, Kuwait, Saudi Arabia,

Khasab, aiid Muscat Aboard

the Song of Flower

November 7 -20, 2001

$6,495 - $10,995

J9i

»5a»TiOir^«#^
9^ WW ''^.jta||^^M^^j7"];^1L ^

Country Fairs of India: Featuring ffcc

Pushkar Camel Festival

November 15-30,2001

$6,450

DECEMBER 2001

Nepal: A Himalayan Family Adveiiture

December 20, 2001 - January 3, 2002

$6,990

JANUARY 2002

Expedition to the South Pole

January 8 - 23, 2002

$38,950
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